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detEjots 295 TEE EA EEEMET] &(Anopheles spp.)oll B8 T A= O 2 QAztoA HAHE Tetelots g
FtretE|ob(Plasmodium falciparum)®t AL EHeHE|oHP. vivax), YEELE 0P ovale), ArLEZEE]oHP. malariae), 18|31
AsoldEeeoH P knowles)ZE 5F°] EEA Utk 1 Fol Fdi@Eetgol= F& ofmgjztolA st Jlon, ddddeteof
= oMo MBS A F7tolA F2 TS vk AL LT} dP I ob= ofxert 4R A9, Aol Eetot= T
goJAJote} Ao} AR Ao AL 9lon] EutEtoA= ALdEdeteotdto] AT AR = wid AlA Zet
gjot Wy AgtZ EAsto] Wastal Qlrk 2 U7hE 2023 AlA wEtE]ol B 114(2023 World Malaria Report) ol W= 2022
d A AA ZeEtEot gAk= 857 =7tollA 29 4,9007 o] WASHH T W 297 F7HolA 95.5%7F A6t 0w, o] A
o} 26.8%, FALNFI3= 12.3%, 24Tk 5.1%, ZRY| A 4.2% <0 2 A5 20229 AFEA 608,000 2.2 297] 7oA
95.9%7F AFGSEH AL, 1 5 otmgFtol A 7 W& AFgAE HA sl on 54 w]gt ob50] 76.0%E AASkaL girtk 20229 wet
2o} B|A] QIF-& W2 27t QIAIRL, obA| 2Htolzh, H2| =, Bx]7| A%ko] 20239 E|A] 1IF-S Wkt

.‘

FQ HMOf: AR EetEloh B = A

N = Zetejole o7t AdgdEetelols vt wET
ofAlotol A = LRIt A AA et o A diFE

detelots FYE &(Plasmodium spp.) Y5l A9E 2 LR ot AASH, ST AFGEC] & ©f
DELNE7] £(Anopheles spp.) ¥A Z7]0] &5 Hdutd o g AddEte|ote ddHo® oA HAT A A
o AFOlAl dhe o7l TEtelor Y2 5% & Ao 7 W2 AGolA AL vt FFEE o}

tf & et} ol (Plasmodium falciparum), 42 E=eke]ok(P. o} At Akt o= Aotz 7t} FdotAlol R =7t
vivax), ‘&8 QU oHP. ovale), AFL Lt oHP. malar- A g Eo] FAT X|&H o2 WAYstal 9lon, YzoldT

iae), 123l Yzo]lEL e oHP. knowlesi)7t ATt L grejobz FEotAor AR STt ARk 2| &2 0= HhAyska
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202190 A AAZ oz 29 4,700% Ho] Hetejot gt
A7} dAYst on, ofme|7t A FofA 94.7%=2 F=E &
At aL, yolAEo}, FaRFF e oA F2 LAY
ot A AlA Zetelol AFgRRHE 619,000 015, 5A] Bvto]
76.8%% AR5t o]# 41 A& AR-r]olgtu]ot=
202190 Ao = A= T4 Abe7} 07dol2tal B arst
Pt

@ M=Z0| €A & iEg2?

2022 DEEor T ARk A AlAA SR 29 4,900
gt o] FAYstRlom, of4s] ofxE] 7t A oA 93.6%7F
AR, Lol A 2]0H26.8%), FILUFE3=(12.3%),
STH(5.1%) €22 TSR, Tk of AgAE
608,0007°1H, 1 FolA 5A] vlgt ofglel7t 76.0%E A
A3t 2022 3] EEfejot ElA] Q152 W2 et /it

® AAFER?
Terelo} #el P HAL 2/ AT LA A=, A
B, o 99, AE Yt GotaA e So| E3E AA
29l wekelo Al Aado] §714 0.8 2 A% v 7hs
3t

ATH1]. AlA A7 F(World Health Organization, WHO)2]
Bo] w2, 20229 A AAH o= Tetelol e 85
M =7kl A 29 4,900 Ho] WSt BT, ofxe]
7toll A 93.6%7F WAt om, FRAFHNA 3.3%, T
ofAlotoll Al 2.1%, ATERHEFAHA 0.8%, oFdlE]7t Ao
A 0.2%% YeERtHIE 1) 2]

SuEke 1993d0] Eatat Ige] Qs FRuolA 4t
g detE]obrt st o] 20000 4,142 02 7P W
A7} AL, 201390l 385 7HA] TrAstHtt.
F o= 201949 4857, 20204 3561, 20219 2742
2 ZASIATE 20224 381 O& thA] FTtets FAIE
Hol1 SItt3]. &9 A%, 20204l 1,819 44
datE]of Fxp7t HAgste] 20129 21,8507 tiH] 91.7%

flo
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7b AAastg o, 20219 2,357, 20229 2,13690] &
Agote] S7& FHEshes FAE Yetidth2l. o] SelAME

WHOOIA B33t 12023 AlA Zekefol B 1A4(2023 World
Malaria Report), S 7|8t0.2 20229 A4 Hetejor &y 5
Fat Zk=o] E21E 9ol olof & FoiEE 181 & =7t

o =3 AL Yesteich.

2 =

1. 2022-20234 FQ sigt
1) 224 Y2f2(ot T2 M| 2F e
FT 2 | B¢ A AA Dol H3] 8 FA = o
om, P4t T2 WA 087 HISHH U FUtolA HA
of tigt olzlaZ ZAA 2 Zoltt. WHOS 223 Zete]of
I 2 73H(Global Malaria Programme)2 &ztz|o} tf-3-of &
W57 E a5tk 2 1AISHL 20242030 52t Eok
A T 22, MEL
e 5 7HA
gl 715kt

N

=7} A golet.

2) M2 WHO #H1AS
WHOx 27|17} g Agol|=o] WS 2
gl ofgo] o] wete]of dukg 95 e
vl g 4 d m
nets, ITN)Z} FgAR0|E HE ITNS W2 AL 7o
Harskar Qi

ARO|E-FE

A A2 X7]%(insecticide-treated mosquito

3) Yzt2|of BAM(RTS,S/ASO1, R21/Matrix—M)2] Hi I
U WHO HZ ARt
20199 HE 7MY, Ay, 29+ WHOZF #est

T A AMAHAGATHGlobal Alliance for Vaccines and
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1. 20229 AlA Eetejor By =7t d%t

Reused from the report of World Health Organization, 2023 [2].
Immunisation, Gavi)o] A=< A|ot= ate|of Wil Ag
he ek
groktt. 20219 10¥
WHO7} RTS,S AR AR 0% of 2|7} A9 X4 28
7f=ro] wekE]or WAl 9] APAE Gaviol AlE3on 3
FHCoz 187/=0] A ez AU RTS, SOl H
g 27] Algtd WA FFS 185t 2023-20254900 AR

ol
rir

2279 Bof 2A4A theEe Bilos

o} uiAl RTS,S/ASO1(RTS,S)S &

& e o] EeEhE o WAl 1,800%t oE& 1271=0l
S-AH0 = viFgstglon, 20239 48710 A HA AFE=
=7t 2Rt en, Z 7ol A 20249 2744 WAl

20234 10¥, R21/Matrix-M(R21) Zata]o} Wil
AAA Aol AFsHe ool TetEjotE owatr] 3]
WHOZ} A% sh= & HA wWalo] H et A4 &4 52l 3
29| Zatzjo} WiAIQl RTS,SE 5 HES HYs17] 93]
R21 Tetejol wiAlg S7kohd Wetejobrt 8 35 BA
EAIRl A o] AFH= ofHolEA FEE & & Y=

ofy

www.phwr.org Vol 17, No 32, 2024

23 4l Fgo] o]Fold Zeg Jdidt. WHOE A9
ARl derejol = Aol A3k ofzlol ]

tdetelor oL s Tekejor HAIRTS,S B R21)
9| A& BT R219] o B AT TEE ¢
g Wale] A 2ol 7hsstES A3 59 WHO AR
A5-g A=t Aotk WHOS Gavi S A=E59] 8oz

Tejejol WA £YL FHHE F71S0] B HES

e
o,
4
oft
el
0.

2. MiA 2fejor ey S
1) YEt2|OF ZrEX} A Sigt
20229 A AAHCRE 8570 =7F E A F(ZFAH 7]
oht} Egholl A 29 4,900% AC] wtEjolrt WAYEH o
], o] 20219 ti¥] 5008t Ao] Z7tetct. S7He F4
=7 S| ABH(+210%F 1), olE 23 oK(+130%t ), Yol
A 2jok(+130%F ), $-7heh(+59%F 7,000%), T3Eobr7|Y
(+424F 3,000) %t} 2016-2030 Etejor 224 7]& A
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2ZH(Global technical strategy for malaria 2016-2030, GTS)
9] 7] ARl 201590l HAYEE F 29 3,100%F 2] H] 5]
1,800%F 10| Z7tstalct.

Zretejol TEE2 202290 A Q1 1,0008F 58
BoE Yeyton, 20009 ¢ 51,0003 817014
20194 5740 % 745k, 202099 3% 4% Z7} o]
T A 3A7 HHEL YF o R {AE Qlh 2978
o] A AA Te}ejol TP 95%E AR Pom, I FolA 1
o] A 2]oH26.8%), FILNFF3=(12.3%), $7TH5.1%), 2
uA(4.2%) T 470=0] A AA L A9 A9 Hukg
A ATHLE 2) [2]. AFd Edetefot &4t Hl&-2 20004
oF 8%(2,050%F )04 20229 3%(690%t B)E ZAase]
ct.

ot} A2 20224 29 3,300%F o] HAgE Ao
& 344, A AlA S22 °F 93.6%F AR 2020
dol AyEo] I21H19 MY 7|7 BeF AH| A FHoE
A3 ¥ 17 1,000 7 232790]1 21t 2022 F00E 223
Yo Zrastyct FtEH 2 EE 449 A A=y EAY A
7t 002 B st wetejo §go] FA =it

Syfotilop Ao A AA Tekelol WA A% of

EAfLio 3.2% o ke 31%

£z2|, 3.2%
HE7|LbA, 3.2%
A=t 3.4%

DZH|3, 4.2%

Lt0|Z|2|0t, 26.8%

J212.2022¢ =+7pE Zakg|of 34} v]&
Reused from the report of World Health Organization, 2023 [2].
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7|EL, 4.8%

2.1%E AAJstgi o, etejor $a; 4= 20004 2,300%F
Hoj A 20229 9F 5005 O & 76% A Detejof
HEL 200049 99 QA 1,0008F F 18704 20224
oF 3702 83% TrAastth. 20219 202218 Aol Hdo}
Aok Aol A 9] SRR} = H¥EH 0 R 11.9% HASHHA
gt B2, QIEYAlof, miQkat, ef=tollAf X1} 4=0f
Y E2 STkt

A3l BH-A o] wetejop T 4= 2000 2F 700
Tk o)Al 201549 9F 4009+ A2 38% TrAadtgichrt 2015
WHE 20229 Atolo= 8307 HOE 92% 7SSt
202193} 20229 Ato] o] |92 3,000%F 1 o4 At
EoA HeE & e olF 7| AgoA deteobrt 210
gk A @Akl 25%2] S7HES 715 e o] A%
A rekE]of HHAY9] 9 A7k, oF 41%E ApA|Qi), o
< 49 94(2018-2021'9) A=Wl A A7 0 o] ARt
202200 = A= B AHE Z3S 1,439709] A A
g & Baotgich Abe-totetdlob: 2d A% A= A A
g7} 0ol kil B skt

Mg A9 9] wetejot ¥y 4= 2000 2609+ 1
oA 2022 °F 1859+ Ao = 29% 748ttt wHEol:7]

FEL|H0LZ, 3.0%

7HHIZ, 2.6%

It} 2.1%

HIH, 2.1%
of|E|21|0}, 2.1%
232, 1.8%
7|1, 1.8%

2tE, 1.5%
2|0 1.5%

OICIZFATLE, 1.4%
AL, 1.4%

0=, 1.4%

H2r) 1.4%

2L 1.4%

Ha 1.1%

7| AR 1.1%
A2tz 1.1%
EN,0.8%
2}O[H[2|OF, 0.7%
SYot=E|7tE5H, 0.7%

O0ONOEEDOmO
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U 20224 o] A9 HA Lekelor Ak A9 90%7F W
ARt S22 202190 Zekelof B 5 wokar e
oJAJob= 20220 A4FF FetElorel dgoldueto
7} 2,500710] B E QAT Abgtoll At et g, Al
dgeretaote] A E 59 A4S HAYsHA] Aokt

)3 A GofAls wekejor WA A7t 20009 1508 A
ol 55%F O 64% #Actylch. wvledet, Bebd, &
EHloto] ETjutE Fobto] wF A AA TR 73%E
A 5kgiet. of2 e, We| =, JAute 2 selatol: 7}
7+ 20194, 20234, 20219, 20184 Tata]ot §A 1%
< okt

H A9 2015978 TEjoprt HAH .

-

4~

Ho

2) YEt2|OF AFUR} LM Sigt
A AAH = TepEfot ArgAR= 20009 867t 4,000
oA 20154 58%F 6,000 2.2, 20199 579 6,000
goz 25| At 20209 TEkEol AFgARE 20199
of Bl 10% S7Fsto] °F 631,000 2.2 4=t 2022
dolli= AR 4271 608,000 2.2 Aol vlsl A% Fha
Stoict. AA wekelor AbgAF F 5A] mEk obFo] AFA|sHs

N

I}, 2.9%

o
T

otz=at 3.2%
23|, 3.2%

D2H|3, 3.5%

ERAL|O}, 4.4%

LA Z, 5.6%

SnUF33=, 11.6%

Lto|Z[2|of, 31.1%

721 3, 2022 =71 dghebelo} AFAf vE
Reused from the report of World Health Organization, 2023 [2].
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7|Eh, 3.9%

H]&-2 20009 87%CNA 20224 76%E Z4AstATh 2022
W A AlA ot AR oF 96%7F 2978 =0l 4] WAy ot
om, YolA2oK31.1%), FuRFF8=(11.6%), UAIZ
(5.6%), BAFUOH4.4%) 5 47R=tol Ayt o4} HAYstoict
(7€ 3) 121.

otz |7} A 9| wefz]op ArgAF 4= 20004 808,000
golA 20179 548,000 22 FAYG7E 20209
604,000 0.2 Z715th. 20229 0]& AFgAL 57} ThA]
580,000 0.2 7As}glct.

SdotAlol A9 o) wetejol AbgAHE 20009 OF 3%t
5,00098°14 20229 8,000 & 77% Aot 1Ee}
EUAlof7t o] A A Letejor AFgRLY] oF 94%E 2
A5ttt

253l FFA 9] wetelop A= 20009 oF 19
3,60070l4 20149 7,500 22 45% AAFTH7t 20229
of 19+ 5,900% 2. & 20149 hH] & Hj o]} F7Fstgich. A
YAp] thRE-L Srtol A Skl om, oF 90%7F AT
ghjol& Qg Agol it

el 219 9] Tate]of ApgAL 4= 20004 OF 6,300
go A 20219 2,6008L2 56% FAFTH 2021¢HE

S27|Lnts, 2.7%
HE, 2.2%
=, 2.1%

Hl'Y, 1.8%
O|E| IO, 1.7%

7|L, 1.7%

O IAF}E, 1.5%
240}, 1.4%
Alol2t2]2, 1.3%
#Ct 1.3%

atalel 1.2%
HEC| 1.2%
et 1.1%

ole, 0.9%
ZOHOFm2|7HREIE, 0.9%
zlo|#|2|oF, 0.6%
£, 0.6%
IHZ0Hs7|L, 0.6%

ooo0o0EOREEOOO
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2022 Atojo]l AFFAZE 3,600 2.2 29% S7HEt, ©]
£ F& shFobR7IYoAf sttt

ol A oA ete]ol AR 4= 200014 2022
| Afo] 850904 34302 63% ZAstTh ALES 9
¥ 5 108 §F 0.779°14 0.2 2.2 71% #4353t

3) YA 5 LEtZ|ote| &

20229 ofzel7t 99| 3370 S5 9 14 =7t
oflAl ok 3,540%F 7] Y4lo] Qlglem, o] F 1,270% A
(36%)°l A4l Z Tetejol Aol EH F oz T
AAHEE B Aot }7K39.3%)2 FUdorLE|7H40.1%)
oA 7P E%IL, Fotmel7t 9 oL e]7H27.0%)°l41 7}
okt gAlo] E5tE A o] YA o] 337Kl A
A4l F Tbejor o= QA3 919 4,000 9] AlAYotrt

AAEoIZ HolZ Az F4En. AR T (antenatal

= Al2{ot
I

MMMW MMMM

OIZo0|2|E
(2007)

OFEEHILIOP
(2011)
EEE]
(2010)
ES3HL|AEL
(2010)

J3 4. 20009 o]F Tete]of X Q15 =7t
Reused from the report of World Health Organization, 2023 [2].
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R[]

care, ANC) 2495 W#dle EE JA-7E Hoj= 3 i
ol 94l F wetelote] 7Hd A oW X H(intermittent pre-
ventive treatment of malaria in pregnancy, IPTp)E 3 H%F
&3t 337504 712 6% Ho] AAForE AT
T A2 A O R o4 fH IPTp39] B ME ANC A U

A9} £Q3l 22207 o]y T ANC 224 HIELS =

U5HA ol 164,000 9] AAIFOHE F7HE dyd Ao
2 o dEth Eg, HA A4S 90%Cl IPTp37F Ba=H
F7F& 2271 9,00078 9 AAFOLE oy 4 Atk AAF
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ABSTRACT

Malaria is a disease caused by the bite of a female Anopheles spp. mosquito infected with a Plasmodium spp. parasite. Five
known species of malaria infect humans: Plasmodium falciparum, P. vivax, P. ovale, P. malariae, and P. knowlesi. Among
them, P. falciparum is mainly found in Africa, and P. vivax is mainly found in South-East Asia and Western Pacific regions. P.
malariae and P. ovale are found in parts of Africa; P. knowlesi is found in parts of Malaysia and Indonesia; and only P. vivax
is found in the Republic of Korea. According to a recently released 2023 World Malaria Report, 249 million cases of malaria
in 85 countries were reported in 2022. Twenty-nine countries accounted for 95.5% of the cases, with Nigeria accounting for
26.8%, the Democratic Republic of the Congo for 12.3%, Uganda for 5.1%, and Mozambique for 4.2%. In 2022, 608,000
people died; Further, 95.9% of deaths occurred in 29 countries, with the highest number of deaths in Africa and 76.0%

occurring in children under 5 years of age. No countries were certified as malaria-free in 2022.
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Introduction

Malaria is transmitted through the bite of a female
Anopheles spp. mosquito infected with a Plasmodium spp.
protozoan. In all, five Plasmodium spp. can cause malaria in
humans: Plasmodium falciparum, P. vivax, P. ovale, P. ma-
lariae, and P. knowlesi. P. falciparum is the most prevalent in
Africa and is responsible for the majority of global malaria cas-
es, often associated with severe complications and high mor-

tality rates. In contrast, P. vivax, though causing less clinically
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severe infection, is the most widely distributed worldwide, with
high prevalence in Asia, including Republic of Korea (ROK).
P. ovale and P. vivax are less prevalent but persistent in several
West African and Southeast Asian countries, while P. knowle-
si is persistent only in a few Southeast Asian countries [1].
According to the World Health Organization (WHO), 249
million cases of malaria were reported in 85 countries world-
wide in 2022. Of these, 93.6% occurred in Africa, 3.3% in the
Eastern Mediterranean, 2.1% in Southeast Asia, 0.8% in the

Western Pacific, and 0.2% in the Americas (Figure 1) [2].
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Key messages
(D What is known previously?

In 2021, 247 million malaria cases were reported world-
wide, 94.7% of which occurred in Africa. Furthermore,
619,000 malaria deaths were reported worldwide; of
these, 76.8% were among children under the age of 5
years.

(@ What new information is presented?

Worldwide, 249 million cases of malaria were report-
ed in 2022, with 93.6% of the cases occurring in the
African region. Among the 608,000 malaria-related
deaths worldwide, 76.0% occurred among children un-
der the age of 5.

(® What are implications?

The prevention and eradication of malaria is possible
when early diagnosis, appropriate treatment, vector
management, preventive therapy, and systematic malaria
surveillance systems, including epidemiological investiga-
tions, are organically linked.

ROK experienced a peak of 4,142 malaria cases in 2000
following the re-emergence of P. vivax in 1993 at a military
base near the North Korean border. Thereafter, the number of
cases decreased to 385 in 2013. Recently, the number of cases
decreased to 485 in 2019, 356 in 2020, and 274 in 2021, be-
fore increasing again to 381 in 2022 [3]. In North Korea, 1,819
cases of P. vivax infection were reported in 2020, marking
a 91.7% decrease from 21,850 cases in 2012. However, the
number of cases fluctuated, with 2,357 reported in 2021 and
2,136 in 2022 [2]. This study aimed to summarize the global
malaria epidemic trends in 2022, the challenges faced by coun-
tries in combating the disease, and their efforts, based on the

2023 WHO World Malaria Report.
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Results

1. Highlights in 2022-2023
1) Operational strategy of the Global Malaria
Programme

As global progress toward malaria eradication has stalled
in recent years, a "business as usual" approach will leave many
countries trapped in this ongoing struggle. Recognizing the
need for a significant shift in the malaria response, the WHO
and the Global Malaria Programme have developed a sectoral
operational strategy for 2024-2030. This strategy focuses on
four strategic goals: establishing norms and standards, foster-
ing new tools and innovation, utilizing strategic information
for impact, and providing strong leadership, with the fifth goal
being to offer context-based support tailored to individual

countries.

2) New World Health Organization recommendations
To prevent malaria in adults and children in areas where
mosquitoes have developed resistance to pyrethroids, the
WHO strongly recommends distributing pyrethroid-chlor-
fenapyr insecticide-treated mosquito nets (ITNs) and pyre-

throid-only ITNs.

3) Distribution of malaria vaccines (RTS,S/ASO1,
R21/Matrix-M) and World Health Organization
recommendations

Since 2019, the Malaria Vaccine Implementation
Programme, managed by the WHO and funded by Global
Alliance for Vaccines and Immunisation (GAVT), the Vaccine
Alliance, has provided Ghana, Kenya, and Malawi with the ma-
laria vaccine RTS,S/AS01 (RTS,S), which targets the sporozoite
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Figure 1. Countries with indigenous cases in 2000 and their status by 2022

Reused from the report of World Health Organization, 2023 [2].

transmembrane protein. Since the WHO recommended about
the use of RTS,S in October 2021, at least 28 African region
countries have submitted applications to GAVI to introduce
malaria vaccines, with applications in 18 countries ultimately
approved for support. Given the limited initial supply of RTS,S,
the first 18 million doses for 2023-2025 have been allocated
to 12 countries. The first deliveries were made in the fourth
quarter of 2023, with vaccinations expected to be completed in
each country by early 2024.

In October 2023, R21/Matrix-M (R21) was named the
second vaccine recommended by the WHO to prevent ma-
laria in children living in high-risk areas. The introduction of
the R21 malaria vaccine is expected to alleviate the shortage
of the currently distributed RTS,S vaccine, ensuring an ad-
equate supply for children in regions where malaria is a major
public health concern. The WHO recommends using malaria

vaccines (RTS,S or R21) to prevent P. falciparum in children
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living in malaria-endemic areas with moderate to high trans-
mission rates. The next step for R21 distribution is completing
the ongoing WHO prequalification to facilitate international
procurement for wide-scale supply. The combined efforts of
the WHO and GAVI members will greatly benefit countries

seeking to introduce malaria vaccines.

2. Global Trends in Malaria Outbreaks
1) The status of malaria cases

In 2022, 249 million cases of malaria were reported glob-
ally across 85 countries and areas, including French Guiana,
marking an increase of 5 million cases from 2021. The coun-
tries contributing most to this increase included Pakistan (+2.1
million cases), Ethiopia (+1.3 million cases), Nigeria (+1.3 mil-
lion cases), Uganda (+597,000 cases), and Papua New Guinea
(+423,000 cases). Compared to approximately 231 million

cases in 2015, which was the baseline year for the Global
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Technical Strategy (GTS) for Malaria 2016-2030, an overall
increase of 18 million cases was reported.

The incidence of malaria was 58 cases per 1,000 popula-
tion at risk in 2022, showing stability over the past 3 years
following a decrease from 81 cases per 1,000 population at
risk in 2000 to 57 cases in 2019, with a slight increase of 3%
in 2020. A total of 29 countries accounted for 95% of glob-
al malaria cases, with four countries—Nigeria (26.8%), the
Democratic Republic of the Congo (12.3%), Uganda (5.1%),
and Mozambique (4.2%)—accounting for nearly half of all
global cases (Figure 2) [2]. The percentage of P. vivax infection
cases decreased from approximately 8% (20.5 million cases) in
2000 to 3% (6.9 million cases) in 2022.

Approximately 93.6% of the global malaria cases were re-
ported in Africa, totaling approximately 233 million cases in
2022. The incidence was 232 cases per 1,000 population at
risk in 2020 due to interruption of services during the coro-
navirus disease 2019 (COVID-19) pandemic, but it decreased
to 223 cases in 2022. Cabo Verde reported zero indigenous

malaria cases for 4 consecutive years, marking the end of the

Niger, 3.1%

epidemic there.

Southeast Asia accounted for approximately 2.1% of global
malaria cases, with a significant decrease of 76% from 23 mil-
lion cases in 2000 to approximately 5 million cases in 2022.
The incidence of malaria in the region dropped by 83%, from
approximately 18 cases per 1,000 population at risk in 2000
to approximately three cases in 2022. However, despite the
overall 11.9% decrease in the number of cases in Southeast
Asia from 2021 to 2022, the number of cases and incidence
increased in Bangladesh, Indonesia, Myanmar, and Thailand.

The Eastern Mediterranean experienced a 38% decrease
in the number of malaria cases, from approximately 7 mil-
lion cases in 2000 to approximately 4 million cases in 2015.
However, this was followed by a 92% increase to 8.3 million
cases from 2015 to 2022. From 2021 to 2022, Pakistan re-
ported 2.1 million cases of malaria following devastating floods
that affected more than 30 million people, marking a 25% in-
crease in the region. Sudan is a major malaria-endemic country
in the Eastern Mediterranean, accounting for approximately

41% of cases. Although the Islamic Republic of Iran had zero
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Others, 4.8%
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Figure 2. Global trends in distribution of malaria cases by country, 2022
Reused from the report of World Health Organization, 2023 [2].
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indigenous malaria cases for 4 consecutive years (2018-2021),
1,439 cases, including indigenous cases, were reported in
2022. Saudi Arabia reported zero indigenous malaria cases for
2 consecutive years.

In the Western Pacific, the number of malaria cases de-
creased by 29%, from 2.6 million in 2000 to approximately
1.85 million in 2022. Papua New Guinea accounted for near-
ly 90% of all malaria cases in the region in 2022. China was
declared malaria-free in 2021, while Malaysia reported zero
human malaria (P. falciparum and P. vivax) cases for 5 con-
secutive years, despite reporting 2,500 zoonotic malaria (P.
knowlesi) cases in 2022.

In the Americas, the number of malaria cases decreased
by 64%, from 1.5 million in 2000 to 550,000 in 2022. The
Bolivarian Republic of Venezuela, Brazil, and Colombia ac-
counted for 73% of all cases in the Americas. Argentina, Belize,
El Salvador, and Paraguay were declared malaria-free in 2019,
2023, 2021, and 2018, respectively.

Malaria has been eradicated from Europe since 2015.

Uganda, 2.9%

Angola, 3.2%

Mali, 3.2%
Mozambique, 3.5%

United Republic of Tanzania, 4.4%

Niger, 5.6%

Democratic Republic
of the Congo, 11.6%

Nigeria, 31.1%

2) Malaria deaths

Malaria-related deaths have steadily decreased worldwide,
from 864,000 in 2000 to 586,000 in 2015 and 576,000 in
2019. However, in 2020, the number of malaria deaths in-
creased by 10% compared with the number in 2019, reach-
ing an estimated 631,000. In 2022, the number of deaths de-
creased slightly to 608,000. The incidence of malaria deaths
among children aged <5 years decreased from 87% in 2000 to
76% in 2022. Approximately 96% of global malaria deaths oc-
curred in 29 countries, with four countries—Nigeria (31.1%),
the Democratic Republic of the Congo (11.6%), Niger (5.6%),
and Tanzania (4.4%)—accounting for just over half of all ma-
laria deaths in 2022 (Figure 3) [2].

The number of malaria deaths in Africa decreased from
808,000 in 2000 to 548,000 in 2017, before increasing to
604,000 in 2020. By 2022, the number of deaths had fallen
again to 580,000.

In Southeast Asia, the number of malaria deaths reduced by
77%, from approximately 35,000 in 2000 to 8,000 in 2022.

Approximately 94% of all malaria deaths his region occurred

Burkina Faso, 2.7%
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Others, 3.9%
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Figure 3. Global trends in distribution of malaria deaths by country, 2022

Reused from the report of World Health Organization, 2023 [2].
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in India and Indonesia.

In the Eastern Mediterranean Region, the number of ma-
laria deaths decreased by 45%, from approximately 13,600 in
2000 to 7,500 in 2014. However, the number more than dou-
bled to 15,900 between 2014 and 2022, with the majority of
deaths occurring in Sudan, where approximately 90% of cases
were due to P. falciparum.

In the Western Pacific, the number of malaria deaths de-
creased by 56%, from approximately 6,300 in 2000 to 2,600
in 2021. However, from 2021 to 2022, the number of deaths
increased by 29% to 3,600, primarily in Papua New Guinea.

In the Americas, the number of malaria deaths decreased
by 63% from 850 in 2000 to 343 in 2022. The mortality rate
decreased by 71%, from 0.7 to 0.2 per 100,000 population at risk.

3) Exposure to malaria during pregnancy

In 2022, approximately 35.4 million pregnancies were re-
ported in 33 moderate-to-high malaria-risk countries in Africa,
with an estimated 12.7 million women (36%) exposed to ma-
laria during pregnancy. By subregion, exposure to malaria
during pregnancy was the highest in West Africa (39.3%) and
Central Africa (40.1%), and the lowest in East and Southern
Africa (27.0%). Without specific pregnancy-related interven-
tions, approximately 914,000 newborns in these 33 countries
might have been born with low birth weight due to malaria in-
fection during pregnancy. Providing at least one dose of inter-
mittent preventive treatment of malaria in pregnancy (IPTp)
to every pregnant woman attending antenatal care (ANC) clin-
ics can prevent an additional 60,000 cases of low birth weight.
Increasing IPTp3 coverage to match the level of the first ANC
visit and achieving similar increases in subsequent ANC clinic

visits could prevent an additional 164,000 cases of low birth

www.phwr.org Vol 17, No 32, 2024

weight. Expanding IPTp3 coverage to 90% of all pregnant
women would prevent an additional 229,000 cases of low
birth weight. Given that low birth weight significantly increases
the risk of neonatal and childhood mortality, preventing a sub-
stantial number of newborn cases of low birth weight can save

many lives.

3. Malaria Elimination

The number of countries reporting fewer than 100,000
indigenous malaria cases increased from six in 2000 to 27
in 2022, indicating a slight decrease from the 28 countries
in 2021. The number of countries with fewer than 10 indig-
enous cases increased from four in 2000 to 25 in both 2021
and 2022. Among malaria-endemic countries in 2000, 25
achieved zero indigenous malaria cases for 3 consecutive years
from 2000 to 2022, with 12 of these countries being officially
declared malaria-free by the WHO. While no countries were
declared malaria-free in 2022, three countries—Azerbaijan,
Belize, and Tajikistan—received malaria-free certification in
2023. Additionally, two countries—Egypt and Timor-Leste—
submitted official requests for certification in 2023. Cabo
Verde is nearing the final stage of the certification process,
having reported zero indigenous cases for 4 consecutive years
(Figure 4) [2].

The WHO is developing guidelines to address border ma-
laria, a persistent challenge in elimination of malaria and pre-
vention of re-emergence. Bhutan, Saudi Arabia, and Suriname
are actively implementing strategies to prevent the reintroduc-
tion of indigenous malaria cases after reporting zero indige-
nous cases for the first year. Despite 5 years of zero local trans-
mission, the Islamic Republic of Iran is currently experiencing

an outbreak of indigenous malaria cases. Frequent cross-border
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Figure 4. Countries eliminating malaria since 2000
Reused from the report of World Health Organization, 2023 [2].

movement of people is suspected to have contributed to the
introduction of cases and the further re-establishment of local
transmission. In response, the WHO is developing guidelines
to prevent the re-emergence of malaria, acknowledging exist-
ing policy gaps.

Launched in 2021, the Eliminating malaria 2005 (E-2025)
initiative aims to eradicate malaria, succeeding the E-2020 ini-
tiative. The E-2025 initiative encompasses 25 countries and
one area: Belize, Bhutan, Botswana, Cabo Verde, the Comoros,
Costa Rica, North Korea, the Dominican Republic, Ecuador,
Eswatini, French Guiana, Guatemala, Honduras, the Islamic
Republic of Iran, Malaysia, Mexico, Nepal, Panama, ROK, Sao
Tome and Principe, Saudi Arabia, South Africa, Suriname,
Thailand, Timor-Leste, and Vanuatu (Figure 5) [2]. As a par-

ticipant in E-2025, ROK has developed a second Malaria
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Re-elimination Action Plan and is working to reduce the num-
ber of malaria cases through collaboration among the private,

public, and military sectors.

4. The High Burden—to—high Impact Approach
Since November 2018, all 11 high burden-to-high impact
(HBHI) countries have been implementing activities across
four key response elements: 1) political will and commitment
from national to community levels; 2) strategic use of infor-
mation to guide malaria control efforts; 3) improved techni-
cal and policy guidance at all levels; and 4) effective coordina-
tion and leadership. In 2022, Sudan joined the HBHI initia-
tive, increasing the official number of HBHI countries to 12.
However, full implementation in Sudan was hindered by the

conflict that erupted in early 2023. The initial HBHI countries,
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Figure 5. Countries and areas selected for the Eliminating malaria 2005 (E-2025) initiative (source: WHO estimates)

Reused from the report of World Health Organization, 2023 [2].

including several additional countries in Africa and the Eastern
Mediterranean, have started applying subnational tailoring
(SNT) of interventions. SNT involves using local data and con-
textual information to identify the most effective combination
of interventions and strategies for specific regions, aiming to
achieve optimal impact on disease transmission and burden
at a strategic level or within specific resource constraints. The
adoption of SNT has led to the integration of data into regular
decision-making processes, enhancing efforts to improve the

regular collection, review, and quality of data.

5. Investment in Malaria Programs and Research
The GTS outlined the estimated funding required to meet
the 2025 and 2030 goals. The total annual funding needed was
estimated at USD 6.8 billion in 2020, increasing to USD 9.3
billion by 2025 and USD 10.3 billion by 2030. Additionally,

USD 85 million was estimated to be needed annually for

www.phwr.org Vol 17, No 32, 2024

global malaria Research and Development (R&D) from 2021
to 2030. In 2022, the total funding for malaria control and
elimination was estimated at USD 4.1 billion, increasing from
USD 3.5 billion in 2021 and USD 3.3 billion in 2020. Despite
this increase, the 2022 funding fell short of the USD 7.8 bil-
lion required to achieve the GTS milestones. The funding gap
between the actual investment and the resources needed has
continued to widen over recent years, increasing from USD 2.3
billion in 2018 to USD 3.7 billion in 2022. The United States
contributed over USD 1.5 billion through planned bilateral
funding and malaria-adjusted shares of multilateral contribu-
tions. The contribution of France, Germany, Great Britain,
and Northern Ireland combined was over USD 400 million
through bilateral and multilateral disbursements. Australia,
Canada, and Japan each contributed approximately USD 100
million, with other members of the Development Assistance

Committee and private sector contributors adding a combined
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USD 400 million. Of the USD 4.1 billion invested in 2022,
more than three-quarters (80%) was allocated to Africa, with
49% each to Southeast Asia, the Eastern Mediterranean, and the
Americas, and 2% to the Western Pacific. The remaining 6%
of the total funding in 2022 was allocated to unspecified re-
gions. The funding allocation increased significantly in Africa
but remained stable in other WHO regions.

The total R&D funding for malaria amounted to USD
603 million in 2022, marking a decrease of more than 10%
from the funding in 2021 and reaching its lowest level in the
past 15 years. This decrease follows 4 consecutive years of
declining funding since the peak in 2018. The drop was the
most significant in the vaccine sector, which fell by 13% over
5 years, and in the basic research sector, which decreased by
20%. Medicines continued to receive the largest share of fund-
ing despite a 12% decrease. Conversely, funding for biologics
continued to increase for the 4 consecutive years, increasing by
more than 250% in 2022 to nearly 14 times the level in 2018.
The Bill & Melinda Gates Foundation provided the first-ever
funding for biologics clinical development with a $3.9 million
grant to the Centers for Disease Control and Prevention (CDC)
Foundation. Funding from the public sector in high-income
countries fell by 18%, reaching its lowest level in over a decade,
although these countries remained the primary source of ma-
laria R&D funding. Funding from other sectors also declined,
except for the private sector, which saw a rebound with an in-

crease of USD 10 million in 2022.

6. Distribution and Coverage of Malaria
Prevention, Diagnosis, and Treatment
1) Distribution and coverage of malaria prophylaxis

From 2004 to 2022, manufacturers delivered approximately

1372

2.9 billion ITNs globally, with 2.5 billion (86%) shipped to
sub-Saharan Africa. In 2022, approximately 282 million ITNs
were supplied to malaria-endemic countries. Of the 260 mil-
lion ITNs distributed to sub-Saharan Africa in 2022, nearly
51% were pyrethroid-piperonyl butoxide nets. In 2022, a total
of 254 million ITNs were distributed globally through National
Malaria Programmes (NMPs), with 235 million of these go-
ing to sub-Saharan Africa. From 2000 to 2022, the percentage
of the population using ITNs increased significantly: from 2
to 49% for the general population, from 3 to 56% for children
under 5 years of age, and from 3 to 56% for pregnant women.

The percentage of the global population at risk covered by
indoor residual spraying (IRS) in malaria-endemic countries
decreased from 5.5% in 2010 to 1.8% in 2022. Since 2016,
coverage by IRS has remained stable, with less than 6% of the
population in each region being protected. The global popula-
tion covered by IRS fell from 153 million in 2010 to 62 mil-
lion in 2022.

The average number of children treated with seasonal ma-
laria chemoprevention (SMC) per cycle has steadily increased
from approximately 200,000 in 2012 to 49 million in 2022.
Nigeria experienced the highest increase, treating an aver-
age of 25.5 million children with SMC per cycle. In 2022, 17
countries implementing SMC in the Sahel and other malaria-
endemic regions of sub-Saharan Africa received a total of ap-
proximately 200 million doses of SMC.

In the WHO Africa region, data from 33 countries indi-
cated that 78% of pregnant women accessed ANC services at
least once during pregnancy in 2022. Coverage with IPTp was
approximately 64% for IPTp1, 54% for IPTp2, and 42% for
IPTp3.
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2) Distribution of malaria diagnostics and treatments

In 2022, manufacturers sold 415.5 million rapid diagnos-
tic tests (RDTs), with 345 million distributed through NMPs.
Additionally, manufacturers supplied approximately 210 mil-
lion artemisinin-based combination therapies (ACTs) to the
public health sector in 2022, while NMPs distributed 217 mil-
lion ACTs to the public health sector, 97% of which were dis-
tributed in sub-Saharan Africa.

Data from at least two household surveys conducted from
2005 to 2022 (baseline: 2005-2011, latest: 2015-2022)
in 22 sub-Saharan African countries were analyzed to assess
treatment-seeking behavior, diagnosis, and ACT use among
children aged <5 years. The percentage of children treated at
public health facilities increased from a median of 58 to 69%.
Despite this, the utilization of community healthcare provid-
ers remained low, with a median of 2% in both the baseline
and recent surveys. The median proportion of children treated
in the private sector decreased from 40% in the baseline sur-
vey to 28% in the latest survey, indicating improved access to
the public health sector and its associated surveillance systems.
Among children aged <5 years, the diagnosis rate for those
treated for fever increased from a median of 30% in the base-
line survey to 54% in the latest survey, indicating improved
case management despite the inadequacy of diagnostic servic-
es. The rate of ACT use among children under 5 years who re-
quired treatment rose from 13% at baseline to 24% in the lat-
est survey. For those treated in the public health sector, the me-
dian rate of ACT use increased from 38% at baseline to 68%,
suggesting either an improvement in treatment rates or an in-

crease in test positivity among those tested.
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7. Progress toward the 2020 GTS Milestones

The GTS aims to reduce the incidence and mortality rates
of malaria by at least 40% by 2020, 75% by 2025, and 90%
by 2030, relative to the baseline in 2015. Despite significant
progress since 2000, there is a strong possibility that the GTS
2025 target will not be met globally if current trends continue.
In 2022, the incidence of malaria was 58 cases per 1,000 pop-
ulation at risk, which was approximately 55% higher than the
GTS 2025 target of 26 cases per 1,000 population at risk.

Although progress in reducing malaria mortality has been
relatively better than that in reducing the incidence, the actual
mortality rate in 2022 was 14.3 deaths per 100,000 popula-
tion at risk in 2022, which was 53% higher than the GTS 2025
target of 6.6 deaths per 100,000 population at risk. In 2022,
malaria mortality remained at the same 2015 levels in seven
countries (7.5%), while it increased in 17 countries (18.3%),
with eight of these countries experiencing increases of 55% or

more.

8. Biological Threats to Malaria Elimination

Efforts

1) Response to parasite gene deletions

P. falciparum parasites that do not express histidine-rich
protein 2 (HRP2) may not be detected by RDT's designed to
detect HRP2. Additionally, histidine-rich protein 3 (HRP3),
a homologue of HRP2, can cross-react with monoclonal an-
tibodies used to detect HRP2, especially at high parasite den-
sities. Consequently, P. falciparum malaria lacking HRP2 or
HRP3 expression may go undetected by HRP2-based RDTs.
The WHO recommends that countries with reported PthrpZ/3
deletions, as well as neighboring countries, establish a baseline

by conducting surveys of suspected malaria cases to determine
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the prevalence of Pthrp2/3 deletions that cause false-nega-
tive RDT results and assess whether it exceeds the established
threshold.

In 2022, a study on Pthrp2 deletions was conducted for
the first time in six countries: Burundi, Cambodia, Cameroon,
Sierra Leone, South Sudan, and Vietnam. PthrpZ deletions
were not detected in Burundi and Vietnam. According to the
Malaria Threats Map report, investigations into Pthrp2/3 de-
letions have been conducted in 50 countries. The WHO re-
sponse plan for Pthrp2/3 deletions outlines several key actions,
including identifying new biomarkers, improving the perfor-
mance of non-HRP2 RDTs, conducting market forecasting,
and strengthening laboratory networks to support the demand
for molecular characterization of these gene deletions. Most
P. falciparum infection cases imported into ROK come from
Africa. Although there have been no reported false-negative
RDT results to date, microscopic examination or genetic analy-

sis is recommended even for negative RDT results.

2) Parasite resistance to antimalarial drugs
(2015-2022)

Therapeutic efficiency studies (TES), which track both
clinical and parasitological outcomes of malaria treatments,
are conducted to monitor the efficacy of antimalarial drugs.
Artemisinin partial resistance is assessed using the validated
PfKelch13 marker, which is associated with delayed para-
site clearance following treatment with artemisinin-based
therapies.

In Africa, surveillance of PfKelch13 polymorphisms associ-
ated with artemisinin partial resistance has revealed evidence of
such resistance associated with clonal expansion of PfKelch13

mutations in Eritrea, Rwanda, Uganda, and Tanzania.
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Tanzania is the fourth country in Africa to confirm artemisinin
partial resistance. Additionally, an investigation into the effi-
cacy of chloroquine (CQ) and dihydroartemisinin-piperaquine
(DHA-PPQ) for malaria treatment in Ethiopia found that nine
studies on CQ and two studies on DHA-PPQ reported treat-
ment failure rates of less than 5%.

The Americas: TES conducted in Brazil (2015) and
Colombia (2018) have shown that artemether-lumefantrine
(AL) is highly effective against P. falciparum. Although the
C580Y mutation was sporadically observed in Guyana from
2010 to 2017, recent samples have not detected this muta-
tion, suggesting it may have disappeared. CQ is recommended
as the first-line treatment for P. vivax in all malaria-endemic
countries in the region, and studies in Brazil have confirmed its
high efficacy.

Southeast Asia: Treatment failure rates for P. falciparum in-
fection were below 10% in all TESs conducted during the study
period. In India, treatment failure rates remained low with the
use of artesunate (AS) combined with sulfadoxine-pyrimeth-
amine. However, PfKelch13 mutations associated with arte-
misinin partial resistance were found at a prevalence of 65.5%
in Myanmar and Thailand.

Eastern Mediterranean: The efficacy of AL for treating P.
falciparum was high in Afghanistan, Pakistan, Somalia, Sudan,
and Yemen from 2015 to 2020. No treatment failures were
observed with P. vivax first-line drugs in the AL study conduct-
ed in Somalia (2018) or in the two CQ studies in Afghanistan
(2016, 2022).

Western Pacific: Studies on the efficacy of treatments for
P. falciparum have revealed high levels of treatment failure.
In western Cambodia, a treatment failure rate of 13.5% with

AL was reported from 2018 to 2020. Amodiaquine (AQ)
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resistance led to high treatment failure rates with AS-AQ in
the Mondulkiri (22.6%) and Pursat (13.8%) provinces of
Cambodia during 2016-2017. Additionally, high treatment
failure rates with DHA-PPQ were reported in Cambodia, the
Lao People's Democratic Republic, and Vietnam. As a result,
Cambodia replaced DHA-PPQ with AS-mefloquine as the
first-line treatment in 2016. In Vietnam, AS-pyronaridine has
replaced DHA-PPQ in areas with high treatment failure rates.
From 2015 to 2020, 29.9% of samples collected in Cambodia,
the Lao People's Democratic Republic, and Vietnam showed
PfKelch13 wild-type parasites. The PfKelch13 C580Y mu-
tation appears to be emerging and spreading in Papua New
Guinea. A 2015 study in Vietnam also reported a 9.8% treat-

ment failure rate for P. vivax.

3) Insecticide resistance in vector mosquitoes

Since 2021, 35 countries have reported insecticide resis-
tance data to the WHO. Globally, resistance to pyrethroids was
observed in at least one malaria vector in 87% of the countries
and 68% of the areas; resistance to organochlorines was re-
ported in 82% of the countries and 64% of the areas; resistance
to carbamates was noted in 69% of the countries and 34% of
the areas; and resistance to organophosphates was detected
in 60% of the countries and 28% of the areas. Between 2019
and 2020, WHO members reported results from 835 bioas-
says using chlorfenapyr and 603 bioassays using clothianidin.
To date, only 13 bioassay results for clothianidin have been re-
ported to the WHO, with only one case of possible resistance
in Senegal. For resistance management, each country should
develop and implement national insecticide resistance moni-
toring and management plans based on the WHO framework.

Technical and funding support are needed to assist countries

www.phwr.org Vol 17, No 32, 2024

in monitoring and managing insecticide resistance.

4) Invasion and spread of Anopheles stephensi

The WHO has confirmed the presence of A. stephensi in
Djibouti, Eritrea, Ethiopia, Ghana, Kenya, Nigeria, Somalia, Sri
Lanka, Sudan, and Yemen. This vector mosquito is challeng-
ing to control due to its characteristics, such as ability to rap-
idly adapt to local environments and to withstand extremely
high temperatures during the dry season, when malaria trans-
mission typically declines. Insecticide resistance data reported
to the WHO show that A. stephensi in the Arabian Peninsula
and Asia has developed resistance to pyrethroids, organo-
phosphates, carbamates, and organochlorines. In the Horn of
Africa, resistance to pyrethroids, organophosphates, and car-
bamates has also been observed. The WHO recommends in-
creasing vector surveillance to identify the geographical spread
of A. stephensi and using this data to implement interventions
aimed at preventing its further spread, particularly in urban
and peri-urban areas. Countries with suspected or confirmed
A. stephensi invasions should take immediate action to control

this vector.

9. Climate Change, Malaria, and the Global

Response

The WHO has declared climate change as the single great-
est health threat facing humanity. The relationship between
climate change and malaria transmission is complex, with tem-
perature, rainfall, and humidity all influencing larval develop-
ment, mosquito survival, parasite development within mos-
quitoes, and vector competence. Variations in these factors can
affect vectorial capacity—i.e., the number of new infections a

vector population would induce per case per day at a specific

1375


http://www.phwr.org

I Public Health Weekly Repo: ’\

place and time—thereby affecting the intensity of malaria
transmission. Climate change has directly impacted malaria by
expanding its geographical range. Increasing temperatures over
recent decades have facilitated the spread of malaria into high-
land areas. For instance, in 2022 and 2023, extreme monsoon
rainfall in Pakistan led to a severe malaria epidemic, increasing
the number of malaria cases by 5-fold compared to the num-
ber in the previous year. Despite ongoing debates about the
exact direction and magnitude of climate change's impact on
malaria, it is crucial for the global community to maintain and
enhance sustainable and resilient malaria responses to address
this evolving threat.

Malaria eradication is the only definitive solution to resolve
the health burden of malaria, regardless of the added threat of
climate change. Therefore, investments should focus on miti-
gating the biological threat of malaria and developing more ef-
fective tools. To enhance the resilience of malaria eradication
efforts in the face of climate change, it is essential to signifi-
cantly increase financing while also improving the use of local
data for dynamic interventions at the national level. The com-
mitment by developed countries under the United Nations
Framework Convention on Climate Change to mobilize and
fully operationalize the Green Climate Fund should encompass
malaria and recognize the need for broader climate mitigation

efforts, beyond merely reducing greenhouse gas emissions [4].

Conclusion

The World Malaria Report 2023 presents the latest data
on global malaria elimination efforts and outcomes, focus-
ing on information up to 2022, which marks the third year

of the COVID-19 pandemic. Several important health and
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development objectives for malaria elimination are outlined in
the Sustainable Development Goals framework [4], the WHO
GTS [5], and the Roll Back Malaria partnership [6]. The GTS
aims to reduce malaria case incidence and mortality by 75% by
2025 and by 90% by 2030 compared to the 2015 levels, with
the goal of achieving malaria elimination in at least 20 coun-
tries by 2025 and 35 countries by 2030 [5].

Key activities for malaria control and elimination in-
clude early diagnosis with rapid diagnostic kits, appropriate
treatment, vaccination, use of ITNs, and residual spraying.
However, the most widely used rapid diagnostic kit may not
detect infections of P. falciparum parasites lacking PHRP-2/3
genes, and Anopheles stephensi, which has adapted to urban
environments, is contributing to rising malaria cases in parts
of Africa, the Middle East, and Asia. The WHO is develop-
ing guidance on managing parasite resistance to antimalarial
drugs, insecticide resistance in vector mosquitoes, and cases
of Plasmodium falciparum that are undetectable with current
rapid diagnostic kits. This guidance underscores the need for
new treatments and diagnostics. Despite these challenges, the
goal of malaria eradication remains attainable, and a malaria-
free future is possible through strengthened responses and ac-
celerated research into the risks.

The Division of Vectors and Parasitic Diseases at the Korea
Disease Control and Prevention Agency operates the "National
Reference Laboratory for Malaria" and participates in interna-
tional proficiency evaluations, such as WHO-Microscopy and
UK National External Quality Assessment Services-Genetics,
to ensure the reliability of test results. The division also con-
ducts regular training and proficiency assessments for institu-
tions responsible for confirmatory diagnosis, including public

health centers and health and environment institutes located
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in malaria risk areas within ROK. Additionally, the division
continues to share information about diagnostic technologies
and malaria elimination strategies through international col-
laboration with the WHO, the Western Pacific Regional Office,

and the Asia-Pacific Malaria Elimination Network.
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Support for Coronavirus Disease 2019 Comparator Vaccines and
Research Vaccines

Suobng Chea, Mimiso Lee, Eunyoung Jo, Joonku Park*

Division of Vaccine Supply, Department of Healthcare Safety and Immunization, Korea Disease Control and Prevention Agency, Cheongju, Korea

ABSTRACT

Protecting people’s health and lives through vaccination is crucial in the event of an infectious disease such as coronavirus
disease 2019 (COVID-19). Vaccines are a cost-effective way of preventing infectious diseases and their spread. The absence of
domestic companies capable of rapidly developing and supplying vaccines that are effective in responding to infectious diseases
can lead to supply and demand instability and disruption of smooth vaccination owing to increasing external dependence on
vaccine supplies. Therefore, it is necessary to support domestic companies and research institutes that are developing vaccines,
so that effective and safe vaccines can be quickly and stably supplied to prevent infectious diseases. To support domestic
pharmaceutical companies and research institutes that are researching and developing COVID-19 follow-up vaccines, this
article will explain the overall project to provide free comparator vaccines from clinical trials and from research studies by
using the surplus of the COVID-19 vaccines purchased by the government, as well as the achievements, limitations, and

improvement plans.
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Introduction

In a global pandemic involving a novel infectious disease,
such as coronavirus disease 2019 (COVID-19), securing, in-
troducing, and administering effective vaccines are important
and effective means of preventing and mitigating its spread.
To confirm the importance and effectiveness of vaccinations,
a study estimated that 23,793 people became critically ill with
COVID-19 and 25,441 people died in the Republic of Korea
(ROK); without COVID-19 vaccinations, those numbers

would have increased significantly by 402.5% and 441% to
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119,579 critically ill patients and 137,636 deaths, respectively.
Previous studies reported that influenza vaccines were able to
prevent 91,555-369,997 outpatient cases, 1,784-9,626 in-
patient cases, 3,266-10,332 emergency room visits, 25-693
intensive care unit admissions, 12-721 in-hospital deaths, and
18-1,060 total deaths during the 2015/2016 to 2018/2019
flu season in ROK [1,2].

During the COVID-19 pandemic, only a few foreign phar-
maceutical companies were successful in using new mRNA
vaccine platforms to develop and supply COVID-19 vac-

cines more quickly compared to using vaccines based on other
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Key messages
(D What is known previously?

Smooth supply and demand for safe and effective vac-
cines are important for responding to possible future in-
fectious diseases.

(@ What new information is presented?

The government has been providing free comparator
vaccines from clinical trials and from research studies
to domestic pharmaceutical companies and research in-
stitutes that are researching and developing coronavirus
disease 2019 (COVID-19) follow-up vaccines by using
COVID-19 vaccines purchased by the government.

® What are implications?

Support for domestic companies and research institu-
tions is needed to ensure the rapid development and
supply of effective vaccines.

existing platforms. However, in the initial supply stage, com-
petition between countries to secure vaccines became fierce
due to the severe supply shortage relative to the global demand.
ROK faced challenges securing an adequate domestic vaccine
supply due to export restrictions by vaccine-producing coun-
tries and practices of global pharmaceutical companies who
prioritized shipments to advanced countries. Nonetheless,
ROK succeeded in securing and introducing the vaccines, en-
abling the administration of COVID-19 vaccinations to be-
gin on February 26, 2021. Implementation of the COVID-19
vaccination program, along with COVID-19 prevention and
control policies, contributed significantly to the national effort
to overcome the disease by preventing it from becoming more
severe or deadly. Because of the constant risk of infectious dis-
eases that can foster a global pandemic, similar to COVID-19,

preparedness and responses to prevent such outbreaks are

www.phwr.org Vol 17, No 32, 2024

needed. This report describes the background for providing
COVID-19 vaccines owned by the Korean government to
pharmaceutical companies and research institutions in ROK
for research purposes and as comparator vaccines in clinical
trials. This program supports technological development to
minimize vaccine supply instability in the event of future infec-
tious disease pandemics. The report provides an overview of

the program, progress to date, and areas for improvement.

Background and Progress

In response to the uncertainty regarding COVID-19 pre-
vention and comparator situations and to support the devel-
opment of domestic COVID-19 vaccines, the Korea Disease
Control and Prevention Agency (KDCA) signed a contract to
purchase 10 million doses of SKYCovione by SK bioscience on
March 21, 2022. A comparator vaccine, which plays a criti-
cal role in vaccine development, is a vaccine that has been ap-
proved for use with a control group in a clinical trial. It is used
for comparison and evaluations of the immunogenicity, effica-
cy, and safety of a vaccine being developed by a pharmaceutical
company.

In addition, research vaccines are used in the development
of candidate materials for COVID-19 vaccines and non-clin-
ical trials and are very useful in vaccine research and develop-
ment. Therefore, to resolve difficulties faced by latecomers in
ROK who are attempting to develop their own vaccine in ob-
taining comparator vaccines needed for comparative clinical
trials, KDCA negotiated with SK bioscience to provide a por-
tion of the contracted quantity as clinical trial comparator vac-
cines. To provide Cellid Co., which was trying to conduct a

phase three clinical trial on COVID-19 vaccine development,
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with comparator vaccines, a review and negotiations with each
pharmaceutical company were carried out at the request of the
Ministry of Health and Welfare and KDCA.

However, using COVID-19 vaccines secured for vaccinat-
ing the public for research purposes and as comparator vac-
cines in clinical trials would likely violate Article 45 of the
National Finance Act, which prohibits the use of a budget item
for any purpose other than that prescribed. Accordingly, a le-
gal review was conducted, and results confirmed that provid-
ing comparator vaccines for clinical trials and research vac-
cines for free is a matter to be decided through a review by the
Infectious Disease Control Committee. Furthermore, pur-
chasing the vaccines with budget funds and using the vaccines
as the disposition of goods purchased with the budget can be
distinguished, but the legality and validity must be reviewed
by the Active Administrative Committee. With respect to pro-
viding comparator vaccines for clinical trials, justification for
providing SKYCovione as a comparator vaccine, as previously
agreed upon, was secured through the Active Administrative
Committee (March 8, 2023), Korea Expert Committee on
Immunization Practices (March 13, 2023), and Infectious
Disease Control Committee (June 1, 2023). In addition, the
scope was expanded to allow other COVID-19 vaccines be-
sides SKYCovione to be supplied as comparator vaccines
for clinical trials and research vaccines by the Korea Expert
Committee on Immunization Practices (June 28, 2023) and
Infectious Disease Control Committee (September 26, 2023).

Accordingly, separate discussions were held with the phar-
maceutical companies supplying the COVID-19 vaccine
(Pfizer and Moderna) about the feasibility of providing vac-
cines for purposes other than vaccinations. As a result, Pfizer

basically agreed and communicated its intention to cooperate.
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Subsequently, negotiation procedures were discussed with

Pfizer and confirmed, ensuring effective program operation.

Overview of the Provision of Free
Comparator Vaccines for Clinical Trials
and Research Vaccines

The program that provides free comparator vaccines for
clinical trials and research vaccines supplies COVID-19 vac-
cines that were secured by the government for public vacci-
nations (comparator vaccines) for clinical trials and research
vaccines for pharmaceutical companies and research institu-
tions in ROK. The program was initiated on September 25,
2023. SARS-CoV-2, the virus that causes COVID-19, is still
mutating; even today, securing and administering vaccines
that can appropriately respond to new variants is necessary.
Consequently, as vaccines for new epidemic variants become
available and are used for seasonal immunizations each year,
the use of previously purchased vaccines that are in stock must
be discontinued. Such vaccines must be discarded after the ex-
piration date. Currently, the global COVID-19 vaccination rate
has decreased significantly, and donating surplus COVID-19
vaccines to other countries is difficult. Further, advanced coun-
tries are finding that the amount of COVID-19 vaccine waste
to be discarded is problematic. Accordingly, this program was
designed to subsidize surplus quantities that cannot be used for
vaccinations for research and development of COVID-19 vac-
cines by pharmaceutical companies and research institutions
in ROK. Subsidy criteria follow.

Vaccines that can be supplied are limited to those that
have at least 3 months remaining according to the expiration

date, date of request, and anticipated dates of use. Comparator

www.phwr.org Vol 17, No 32, 2024


http://www.phwr.org

I Public Health Weekly Re.:uu’\

vaccines for clinical trials and research vaccines for the devel-
opment of candidate materials and non-clinical trials are sup-
plied through different procedures.

The quantity of comparator vaccines supplied for clini-
cal trials will not exceed 3,000 vials, which is 3 times the
control group size of 1,000 participants recommended in
“Considerations in COVID-19 vaccines development” issued
by the Ministry of Food and Drug Safety. Comparator vaccines
for clinical trials are for pharmaceutical companies in ROK
that are developing COVID-19 vaccines. Such companies
must have their clinical trial protocol approved by the Ministry
of Food and Drug Safety. After approval protocol, negotia-
tions with the pharmaceutical company supplying the vaccine
(hereinafter “vaccine supplier”) and a review of vaccine storage
and management plans take place based on data submitted, in-

cluding the application submitted to the KDCA (Division of

Vaccine Supply). Based on consent from the vaccine supplier
and submitted data, a decision letter indicating whether to sup-
ply the vaccine is issued within 60 days from receipt of the ap-
plication. Subsequently, the KDCA, applicant, and distributor
(responsible for COVID-19 vaccine storage) coordinate the
schedule for providing vaccines, which are supplied within 30
days from issuance of the decision letter (Figure 1).

Research vaccines are subsidized for companies and re-
search institutions in ROK that require the vaccines for the
follow-up development of a COVID-19 vaccine. Whether to
supply the vaccines is determined by reviewing the vaccine
storage and management plan and appropriateness of research
based on the research plan, need, expected effects, and previ-
ous research results. When requesting research vaccines, an
application stating the purpose and details of the study must

be submitted to the KDCA’s Division of Vaccine Development

S Domeszgggl;z:r;wticr:%l;iiﬂgg)mpany Research organization (research vaccine)
é (Division of Vaccine Supply) (Division of Vaccin Development Coordination)
p Procedure Reviewing contents Procedure Reviewing contents
1 Application CIinicaI_ trial
overview
Research and
Comparator vaccine | Comparator vaccine Application storage-management
2 providing support confirmation, plan
pharmaceutical and procedure
negotiation negotiation
Send review result and comment
Clinical trial protocol approve (Division of Vaccine Development
Coordination —Division of Vaccine Supply)
Aooplicant Distribution (storage- Aoplicant h Research vaccine
3 h pp |cant_ | management) plan, pplicant rets_earc support confirmation,
p armalc;e;J_ Ica adverse event organllzat_lon and procedure
consultation compensation plan consulation negotiation
4 Negotiation (If needed)
complete Three-way agreement
- Same as left
Decision of I_De<:|5|on of (same as the process for applying for
5 vaccine support vaccine support and a comparator vaccine [step 4-6])
delivery schedule
6 | Vaccine support | Shipping instruction Figure 1. Comparator vaccine and
Research vaccine support flowchart
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Coordination, which makes the decision on eligibility for re-
search vaccines within 20 days from receipt of an application.
Results are sent to the Division of Vaccine Supply, which sends
the decision letter to the applicant within 60 days from receipt
of the review results on the aforementioned eligibility and after
reviewing the vaccine storage and management plan submitted
by the applicant and obtaining consent from the vaccine sup-
plier (Figure 1). Subsequently, the KDCA (the applicant) and
distributor (responsible for COVID-19 vaccine storage) coor-
dinate the schedule for providing vaccines, which are supplied
within 30 days from issuance of the decision letter.

However, any delays in negotiations with the vaccine sup-
plier or delays due to inadequate data submitted by the ap-
plicant (requiring supplementation) may result in a delay in
the actual decision (i.e., not within the timeframe initially sug-
gested). After the provision of free vaccines, managers from the
KDCA may conduct inspections to ensure that the vaccines are
properly used, stored, and managed. Any necessary improve-
ments will be indicated individually after the inspection.

At the end of May 2024, two vaccines that could be sub-
sidized as comparator and research vaccines were available:
Pfizer’s Comirnaty 3 micrograms/dose vaccine and Comirnaty
Original/Omicron BA.4-5(5/5 micrograms) (Table 1). Names
and quantities of COVID-19 vaccines that may be available
may vary depending on extensions of expiration dates and

changes in vaccination plans.

Progress to Date and Areas for
Improvement

Between September 25, 2023 and the end of May 2024,
11 applications from pharmaceutical companies and research
institutions were officially received. Of these, 2,290 vials of
vaccines were supplied for five cases (one case of comparator
vaccines and four cases of research vaccines, Table 2). Types
of vaccines supplied were 150 vials of the Pfizer Comirnaty 10
micrograms/dose vaccine, 2,120 vials of the Pfizer Comirnaty
Original/Omicron BA.1(15/15 micrograms), and 20 vials of
the Pfizer=Comirnaty Original/Omicron BA.4-5(5/5 micro-
grams). Two cases are under review because of supplementary
data submitted by the applicants. In the remaining four cases,
the applicants withdrew their applications for internal reasons.

Limitations of the program include the need for additional
negotiation with the vaccine supplier and a review of the avail-
ability of appropriate temperature conditions and equipment
for vaccine storage and transport, both of which are time-con-
suming and costly. In addition, as each vaccine has a differ-
ent expiration date, only vaccines from Pfizer (with expiration
dates of 18 and 24 months) can be supplied. The plan is to
continue to cooperate with relevant ministries and pharmaceu-
tical companies to shorten the review period and procedures
involving vaccine suppliers and establish long-term stability
data for COVID-19 vaccines to prolong the expiration date so
that eligible recipients and quantities of available vaccines can

be expanded.

Table 1. Vaccines available as comparator vaccine and research vaccine (by the end of May 2024)

Type Vaccin type Dose for vial Vial for carton Expiration period
Pfizer ~Comirnaty 3 micrograms/dose 10 10 2024.09.30.
Comirnaty Original/Omicron BA.4-5 (5/5 micrograms) 10 10 2024.08.31.
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Table 2. Provided comparator vaccine and research vaccine (by the end of May 2024)
Type Institution® Vaccin type Volume (vial)  Notes
Sum - - 2,290 -
Comparator vaccine Cellid Comirnaty Original/Omicron BA.1 2,100 -
(15/15 micrograms)
Research vaccine Research institute A Comirnaty Original/Omicron BA.4-5 10 -
(5/5 micrograms)
Pharmaceutical company B Comirnaty 10 micrograms/dose 130 -
Pharmaceutical company C Comirnaty 10 micrograms/dose 10 -
Comirnaty Original/Omicron BA.1 10 -
(15/15 micrograms)
Pharmaceutical company D Comirnaty 10 micrograms/dose 10 -
Comirnaty Original/Omicron BA.1 10 -
(15/15 micrograms)
Comirnaty Original/ Omicron BA.4-5 10 -
(5/5 micrograms)
“Non-disclousre of some recipient information based on the applicant's trade secrets.

Future Directions

Since surplus COVID-19 vaccines are being supplied as
comparator vaccines for clinical trials and research vaccines, a
limitation is the relatively short expiration period remaining.
Therefore, timely negotiations and decision-making regard-
ing supplying vaccines to each applicant and the implementa-
tion of supply procedures are needed for effective operations.
The program was implemented as a pilot program less than
7 months ago, so some improvements based on trial and er-
ror are expected in the future operational process. Moreover,
uncertainties exist about whether a program that uses sur-
plus COVID-19 vaccines that were originally secured for vac-
cination purposes as comparator vaccines for clinical trials
and research vaccines can be sustained, as the program de-
pends on various factors, such as the vaccination rate, quan-
tity of vaccines secured, inventory status, and expiration dates.
Nonetheless, this pilot program is expected to enhance the

competencies of pharmaceutical companies and research

www.phwr.org Vol 17, No 32, 2024

institutions in ROK for developing pharmaceuticals, such as
vaccines, in preparation for future epidemics similar to the
COVID-19 pandemic. Further, this program can be a starting
point that contributes to the protection of the health and lives
of Korean citizens and minimizes damages from infectious

diseases.
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QuickStats

Cardio—cerebrovascular Disease Mortality Trends, 2012-2022

In 2022, 65.8 people with heart disease and 49.6 people with cerebrovascular disease per 100,000 population in the

Republic of Korea, a 4.3 people increase in heart disease and a 5.6 people increase in cerebrovascular disease compared to

2021 (Figure 1). Mortality rates of heart and cerebrovascular diseases have increased compared to the previous year.

Mortality (per 100,000 population)
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Figure 1. Cardio-cerebrovascular disease mortality trends, 2012-2022
*International classification of diseases: Heart disease (I120-151), Cerebrovascular disease (I60-169)

Source: Statistics Korea, Causes of death statistics (2022)

Reported by: Dicision of Chronic Disease Prevention, Department of Chronic Disease Prevention and Control, Korea Disease Control

and Prevention Agency
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