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ABSTRACT

The ongoing global epidemic of mpox shows characteristics of sexually transmitted infections (STIs), with men who have sex
with men being particularly vulnerable to infection. While the Republic of Korea has only reported around fifty confirmed
mpox cases, preparing for a potential epidemic is imperative. To investigate private areas such as sexual contact, appropriate
interview skills should be utilized while protecting the rights of vulnerable populations. Previous epidemiologic investigations
and global principles employed while investigating HIV and STIs suggest involving vulnerable populations in the investigation.
It is essential to establish investigation principles and mpox policies that consider the unique features of vulnerable populations

to prevent stigma and discrimination against them. Moreover, such policies promote their engagement in the fight against the

disease.
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Introduction

Mpox, an infection caused by the monkeypox virus, is a
zoonotic disease, and outbreaks of human infections have been
reported mainly in tropical rainforests of West and Central
Africa [1]. Contact with primates or rodents is the main route
of human infection; cases of infection by close contact between
humans or contact with contaminated materials have also been
reported. However, since May 2022, some non-endemic coun-
tries have several mpox cases without any contact with animals.
Thus, the World Health Organization (WHO) declared a pub-

lic health emergency of international concern (PHEIC), which
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is still in effect as of April 2023. Mpox is a self-limiting disease
with a case-fatality ratio of 3-6%, but the WHO reported a
total of 86,930 confirmed cases and 116 deaths in 110 coun-
tries worldwide from January 1, 2022, to April 10, 2023, thus
confirming the significant reduction in the fatality rate during
this epidemic [2]. In particular, this trend is spreading among
young men; more than 80% of respondents of a survey defined
their sexual orientation as men who have sex with men (MSM:
gay, bisexual, and other men who have sex with men). In ad-
dition, unlike the clinical features in existing endemic regions,
the occurrence of skin and mucosal lesions around the geni-

tals and anus tends to be prominent, suggesting the possibility

www.phwr.org Vol 16, No 22, 2023


http://www.phwr.org
mailto:taeyoung.epi@gmail.com

I Public Health Weekly Re.:uu’\

Key messages
(D What is known previously?

Since 2022, more than 86,000 mpox-confirmed patients
were reported worldwide, and substantial numbers of
them were suspected to be infected via sexual or intimate
contacts.

@ What new information is presented?

During epidemiological investigation of mpox, it was im-
portant to establish a rapport with patients and vulner-
able populations and promote their participation in the
investigation. It is important to protect their rights and
promote their engagement considering foreign mpox
policies.

(® What are implications?

It should be considered to establish principles of investi-
gation and mpox policies with consideration of the fea-
tures of vulnerable populations.

of infection through sexual contact. Research on the precise
transmission mechanism of the virus is ongoing, but it is rela-
tively well known that the pattern of transmission is similar to
that previously known for sexually transmitted infections (STIs)
[3]. In addition, some cases of infection through direct con-
tact with lesions, contact with respiratory secretions such as sa-
liva or sputum, and medical devices used on patients have also
been reported.

As of April 10, 2023, the WHO has evaluated the risk level
in the Western Pacific Region as “low,” but the number of cases
in countries in this Region has been continuously increasing in
recent weeks. Specifically, in the neighboring country of Japan,
many patients in 2023 reported no history of overseas travel
[4]. By May 1, 2023, 47 confirmed cases had been reported in
The Republic of Korea (ROK), and additional spread is pos-

sible considering the relatively long incubation period of mpox
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and the location of lesions that are difficult to identify, such as
the genitals and anus. Based on domestic patient response ex-
perience and overseas cases, we will discuss the points to con-
sider for achieving the goal of effective epidemic management

in case of a future mpox epidemic in the ROK.

Mpox Response Policy in Domestic and
International

1. Characteristics of the 2022-2023 Mpox

Epidemic

According to the WHO, 96.4% of the 77,000 individuals
during the 2022-2023 epidemic were male patients, and their
median age was 34 years. Of them, 84.1% of approximately
30,000 individuals revealed their sexual orientation as MSM,
and 82.2% of approximately 19,000 individuals with identi-
fied transmission routes reported contact with skin and mu-
cous membranes during sexual intercourse. Mpox could have
undergone transition (spillover infection) from a zoonotic in-
fectious disease through animal-human contact to a human in-
fectious disease transmitted through human-to-human sexual
contact or equivalent close contact. Therefore, it is important
to identify and block the human-to-human transmission and
epidemic patterns.

The biological risk factors for people infected with mpox
have not yet been clearly identified. Based on data reported by
WHO, 48% of approximately 36,000 individuals were iden-
tified as people living with human immunodeficiency virus
(HIV). Of them, approximately 5,000 shared information re-
garding their immune status, and 65% or 3,400 were immu-
nocompromised. Individuals who are severely immunocom-

promised due to an HIV infection may experience more severe
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illness or death if infected with mpox, but whether the HIV
infection itself increases the likelihood of infection when ex-
posed to the monkeypox virus is unknown [5]. However, STIs
such as chlamydia and gonorrhea also increase the risk of HIV
infection; future research on the association between mpox
and other STIs is warranted [6]. In addition, other infectious
and non-infectious diseases known to be risk factors for mpox
could not be identified.

Meanwhile, most respondents who were infected with
mpox identified themselves as MSM. These individuals are
considered the most vulnerable population in this outbreak
due to the characteristics of the virus related to its transmission,
which is mainly via sexual contact and the social environment
in which people actively contact through networks between
people of similar sexual orientation. In the recent coronavirus
disease 2019 (COVID-19) epidemic, the elderly, those with
underlying diseases, and those admitted to facilities with a high
risk of infection, were classified as high-risk groups, and poli-
cies more effective for this population have been considered.
Likewise, if a population most affected by the mpox epidemic
is clearly identified, a response should be developed specifically
for these patients for optimal prevention and management pol-

icies, including epidemiological investigations.

2. Experience and Consideration of Epidemiological
Investigation of Patients with Mpox in The
Republic of Korea
Epidemiologic investigations of confirmed mpox cases

conducted in the ROK to date can be divided into two sections:

a wide range of contact tracing after the onset of symptoms

and an in-depth investigation of close contacts through inter-

views with patients. In cases where PHEIC has been declared

678

or a response equivalent to a first-class infectious disease is
required, such as in the case of mpox, the movement can be
traced using the epidemiological investigation support system
(EISS) established during the COVID-19 contact investigation
[7]. Information used in this regard includes drug utilization
review, location information from telecommunications com-
panies, credit card and transportation card usage information,
and more.

Considering the main infection route (sexual contact) of
mpox and the affected population (MSM), the importance of
interviews that can confirm confidential personal information
is highlighted as an effective countermeasure. Based on the
results of in-depth interviews of actual patients, investigators
plays a critical role, and improvisation is required on a case-by-
case basis. As the method should be different from general epi-
demiological investigations of infectious diseases due to to sev-
eral reasons, the development of new research methodologies
should be based on experiences gained from this epidemic.

First, the main infection routes of mpox are sexual con-
tact and close contact; thus, the epidemiological investigation
method is distinguished from respiratory infectious diseases
such as COVID-19 and waterborne infectious diseases such
as cholera. It is necessary to build trust between the investiga-
tor and the patient to verify sexual contact-related information
and to uphold privacy. By conducting multiple interviews to
confirm the psychological stability of the patient or by counsel-
ing in which the patient’s questions are answered instead of a
one-way investigation, a cooperative relationship could be es-
tablished, and understanding of the disease and the willingness
to comply to preventive guidelines will improve. In addition,
compared to general epidemiological investigations of infec-

tious diseases, the basic case investigations result in frequent
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refusal of statements, and the degree of concern about infor-
mation inquiry through EISS is very high. Thus, it is necessary
to clarify the purpose of information confirmation and apply
approaches that could alleviate the patient’s concerns. Aside
from protecting confidentiality, the reasons for the patient’s re-
luctance to cooperate with the investigation should be under-
stood and considered throughout the investigation process. In
many cases, the identity of the person with whom the patient
had sexual contact is not known, and even if they are acquain-
tances, some patients refuse to share personal information to
protect the other person and to try to hide the possibility of
infection; to some extent, respecting the patient’s refusal en-
courages the patient to cooperate. To achieve the partial goal of
blocking transmission, the patient must be advised to directly
contact their sexual contact partners (partner notification) to
check their health status and recommend a test if they have
symptoms. In this way, the patients also take part in the inves-
tigation rather than be subjected to a passive and one-sided ep-
idemiologic investigation.

In addition to this, to some extent, MSM is a vulnerable
group for mpox infection, and thus a more detailed investiga-
tion is needed by taking this into account. Some patients are
usually hesitant about disclosing their sexual orientation, but
if the investigator clearly explains the purpose of the investiga-
tion in an unbiased manner, most patients become support-
ive and eventually share relevant details. However, there may
be patients who refuse to share critical information. The pur-
pose of infectious disease prevention and management should
be conveyed clearly to these patients to allow them to judge
the possibility of transmission. In existing epidemiological in-
vestigations, the characteristics of minorities are not usually

considered. Thus, it would be helpful to identify what factors
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contribute to general LGBTQ counseling [8]. As a matter of
particular caution, the investigation of family and workplace
contacts carries the risk of revealing the patient’s sexual orien-
tation, which can lead to stigma for the patient even after com-
plete recovery, and in some cases, the loss of friendly family re-
lations and a successful work life. Thus, it is recommended that
investigations be conducted only when absolutely necessary af-
ter an interview with a patient.

Based on these experiences, information and process of ep-
idemiological investigation and interview should be discussed.
When responding to a new infectious disease for which there
is a lack of existing information, it is necessary to conduct ex-
tensive contact investigations, long-term symptom monitor-
ing, and quarantine high-risk contacts considering the high
degree of uncertainty. The initial response to mpox in the ROK
was made under this stance. As of May 2023, there is still un-
confirmed information regarding mpox, such as the frequency
of asymptomatic transmission and droplet transmission, and
whether it is transmitted through bodily fluids such as semen
or vaginal fluid. Nevertheless, the uncertainty faced during re-
sponse has been reduced as the vulnerable group, the main
transmission route, and the clinical course at the time of infec-
tion were sufficiently identified. Although both public health
workers and ordinary citizens have performed epidemiologi-
cal investigations based on EISS-based intensive movement
tracking following the COVID-19 epidemic, the objective was
to protect the citizens’ health, personal information, and pri-
vacy. This means that it is difficult to justify why some of the
rights must be sacrificed to investigate an infectious disease
when there is no infectious disease crisis, and a careful review
is required from a legal and ethical perspective [9]. In addition,

according to the 5th edition of the mpox Response Guidelines
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published by the Korea Disease Control and Prevention
Agency (KDCA), refusal to share sensitive information during
an individual’s sexual contact history investigation is exempted
from refusing an epidemiological investigation without justifi-
able grounds ("Infectious Disease Prevention Act; Article 18
Paragraph 4), and it is not possible to obtain important infor-
mation necessary for prevention through movement tracing or
interrogation-type investigation [10]. Therefore, rather than
applying the COVID-19 epidemiological investigation meth-
odology as is to the mpox epidemiological investigation, it may
be appropriate to focus on interviews with a high degree of
participation and to use other means such as EISS as a supple-
ment. Moreover, consent should be obtained prior to review
of personal information. Most patients agree to the inquiry
and use of the information, but in the absence of prior consent,
some patients express displeasure and sometimes refuse to
share EISS information.

Considering the epidemiological characteristics (limited
transmission route, clear infection vulnerable group) and clini-
cal characteristics (naturally curable and low-frequency severe
morbidity) of mpox, the initial response to COVID-19 repre-
sented by 3T (testing-tracing-treatment) is not an appropriate
response strategy for it. Rather, the validity of the logic high-
lighted in the response to COVID-19, that a more balanced re-
sponse is needed to achieve both the quarantine and socioeco-
nomic goals, can be reconfirmed through the mpox epidemic.
The results of domestic epidemiological investigations found
no cases of secondary infection in the family or workplace.
Thus, to publicize an individual’s sexual orientation is not an
appropriate public health policy as this will create social stigma
to all close contacts, even to those with low likelihood for trans-

mission. In addition, even though the severity and spread of
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the disease are not high, collecting excessive personal informa-
tion to confirm the identity of sexual contacts is also an inap-
propriate response. It is necessary to respond at an appropriate
level so that the epidemiological value of blocking transmission
and the social value of protecting patients’ personal informa-
tion and human rights are at par. Based on the reported experi-
ences during investigation, these objectives can be achieved by
inducing participation through a cooperative relationship with

patients.

3. Effective Response: Overseas Cases

The mpox epidemiological investigation is essentially the
same as the epidemiological investigation of STIs. However, at
present, there is no professional investigation system by epi-
demiologists in the ROK, and thus it is necessary to establish a
methodology based on the experiences from the epidemiologi-
cal investigation of mpox. According to the European Centers
for Disease Control and Prevention (ECDC) guidelines for
contact investigation of mpox, investigations must adhere to
the principles of sensitivity and discretion in accordance with
HIV and STIs [11]. In addition, the epidemiological investiga-
tion of STIs represented by partner notification must be vol-
untary, and testing is recommended to sexual contacts and the
patient’s identity is confirmed only after obtaining informed
consent from the patient. Above all, it is specified that all work
must be done under the principle of confidentiality, and that
this must be applied mutatis mutandis as the legal environ-
ment differs from country to country. Meanwhile, similar
principles are presented in the WHO Guidelines for HIV Self-
Test and Partner Notification [12]. The guidelines state that
the partner must be notified using various methods under the

consent of the patient, that non-voluntary and forced partner
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notification can never be justified, and that criminalization of
the disease must be guarded against in this process. Through
this, the principle that patients’ rights must be considered in
overall epidemiological investigations, including contact trac-
ing, is emphasized once again when responding to mpox in the
ROK; establishing a sexually transmitted infectious disease epi-
demiological investigation system based on this is the task at
hand after the mpox outbreak.

In addition, we would like to look at overseas cases that
responded to the mpox epidemic with a wide range of public
health policies, not just epidemiological investigations. In the
United States, with the largest number of mpox confirmed cas-
es reported so far, the situation has been stable with an average
of less than 5 cases per day in 2023 [13]. In order to success-
fully manage the epidemic, the United States has implemented
policies such as delivering prevention messages and expand-
ing vaccine access targeting MSM. In this regard, the results of
a survey conducted on MSMs in the United States in August
2022 are as follows [14]. After becoming aware of the mpox
epidemic, 47.8% of respondents reduced the number of sex-
ual partners, 18.6% responded that they had been vaccinated
more than once to prevent mpox, and the vaccination rate of
those who had two or more partners in the last 2 weeks (30.1%)
was higher than those who did not (13.9%). In addition, high-
er vaccination rates were observed for those receiving HIV pre-
exposure prophylaxis or those who had recently been tested
for other STIs, indicating that they were aware of the risks
and were able to cope with them on their own. In this context,
82.3% of respondents reported that they were confident in
protecting themselves from the mpox infection. In summary,
since preventive behavioral changes occurred before and after

the change in the level of knowledge of MSM regarding mpox,
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if relevant information is provided to MSM patients through
an appropriate route with better accessibility to vaccine, the
MSM population, despite their vulnerability to the infection,
can independently participate in the prevention of mpox.

The United Kingdom is one of the countries that first ex-
perienced the mpox epidemic in 2022. Approximately 3,700
cases were reported by the end of 2022, but only about 12 pa-
tients were reported in 2023, showing the successful manage-
ment of the epidemic [15]. In December 2022, the British gov-
ernment announced a future management strategy for mpox,
presenting communication and participation as the first public
health means to achieve the goal of ending the epidemic, and
noting the importance of the participation of sexual minorities
and sexual health organizations. Similar to the United States,
the United Kingdom also emphasizes the importance of par-
ticipation of vulnerable populations in successful epidemic
management [16]. In the future, during a domestic epidemic,
recognizing the population as a partner in infectious disease
prevention and management, rather than viewing it as a target,
is important for the effective response as well as the protection
of privacy and human rights during the investigation process

when establishing policies.

Conclusion

Among the WHO regions, excluding the Western Pacific
Region, the incidence of mpox has been showing a rapid de-
cline recently; however, its occurrence in the Western Pacific
Region, which has rarely been previously reported, is on the
rise. If an appropriate response is not administered in the
early stages, domestic epidemics can also spread on a larger

scale. Therefore, it is necessary to adjust the direction of the
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prevention management policy. First, in the process of epide-
miologic investigation of confirmed patients, efforts should
be made to achieve both the protection of their rights and the
blocking of transmission. In addition, in consideration of the
domestic socio-cultural environment, inappropriate stigma
and discrimination must be prevented, while risk communica-
tion strategies that can effectively deliver messages to popula-
tions vulnerable to infection must be developed and continu-
ously improved. Lastly, these populations should be encour-
aged to actively participate in preventive measures including
vaccination, diagnostic testing of suspected patients, and con-

tact investigation of confirmed patients.
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Tetejot: 93 (EYF &, Plasmodium spp.)°l 7 HE Y5712 7(Anopheles spp.)°l &8 A A== @4EEC = A AAZL
E giRE ool Bk Qict A7A A== t’a"a]'alo}% 5502 1 % Fuigutaoret Aot 71 wol
wgeiet duiddEtejots ofmertoA F2 WAt Qlon, AddwetE] ol FE oMok, AP ForAotolA 2 WAk 9
o At Etejotet G ddEteiol 7S @ ofzEF} A QoA oyl o, Ygo|FEetEot: T o]Aotet Ay Ao}
ARA oA FAYstaL Qict. FetEotz QgAMYL diF2 FoiEEEtotolA EAgs, AL Tte|ots dtidE et okt 2
PE2 $2 4o gick. AAEA7]|F(World Health Organization, WHO)OIA &7ket 2022 AlAl Zate]or B 114(2022 World
Malaria Report) ol 2% 20219 A AlA detE]or 24t 29 4,7009 go] dAYst o ofze]zt A oA A A|A detejote
95%7F A5 1L F7PE 2= Yol X 2ob(26.6%), T RIFF3=(12.3%), +TH(5.1%), ZAHZ(4.1%), F=2H(3.4%), BF7|%
T4(3.3%)w2 2 HEetolrt WAstdtt 20219 et o AFAHE 619,000 2 & otz Ftof A 71t wo] WAYstlon 54 njgt
oF50] 76%E AA|stal it W29} FHRH 2= 39 A% A= i gt or T4 AMEl7 04 o ® B sl on, setato], of24l
Eju}, A4tz 2= 747 20184, 2019, 20219 Heh2jol HX] Qg2 Wotth. AA=Y dAIAETE A= AR L= T
gtejot STt REATFA S 2FHEA AAFEAY] Al gHE fd 9F S =B7HWHO S)°ll Zrofsta glow, AR v g2l
A 7139 HAARIE S o2 F712Q 4 2 FA 8% F7HE AAstL &4 #E e mi7fA A Ads A 35k Atk
E3SE WHOS} ofAlot-gj o) wataot &% Y EQ J(Asia-Pacific Malaria Elimination Network) 53} ZA|d83 53 < w2t
Zlo} EjZ & 913t 714 2 A LS A&H 07 st k.
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2 A% 3 20204 597107 716l oH, 2021 €AY
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=

T«

22l G1%) I=ciE0lE Gok)
EHAILIOF (3.1%) 7HIE (2.7%)
LAIZ (3.2%) 7tt (2.2%)

Hl (2.0%)
2ay|LaA (3.3%)

7| (1.8%)
L2t (1.7%)

£ A5t o, 20009 2,3005F A4 20219 <F 500
o ACRE 76%7t AR, WA A 79%E A=} A}
A5t

WHO A 53l 55 29: 200090l F 7007 7oA
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Jobmel7brt 30.8%, Fotmelztel dotm  glek.

g wgrom, 3

2l71o] GHELS 20%E HuHch dAl F 7+ A ot X o] Aoto M= At 41 Bt A= W BEFF Q17 wet
Z(intermittent preventive treatment of malaria in pregnancy, gJot AU AN AR HAEA] dgtoy, dso]dEetE ot
H1.20004 o|% #eteo} §A| AF =7t
e =/tY
2000 o|FJE ofofn|2| £(2007)”
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2004 7WA} 5 AE
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(P. knowlesi)©oll 7 A 471 =0l =A F7Fskdt
20179%E & 17,12579] Ysolgdeetzor Aot 484
o] AFg Atel7F BRI EQich 202140 3,57549] Y50
drete]ot Alg7F RalElo] 1390] Agstgint. 22 7]zt
SotAlol A9 QlmulAlot, PejH, ei=toflA] 43579 ¢
solggeteot Al 7F 7FRE B LE gl

e 2ot 7lRH| 26 39 A& 02 dete]ol Ak 7t B
A ekgrom, of#t TeojAlob: 4W A& A= W AL
7t RA A ottt FER 2= 202000= A= Y Ut
glob AHH|7F AAAITE 202190l 022 B, ARp-tio}
ghijobs 2202 A=t f WAY A7k 07olgkal B ate]
oI 1).

obA| 2urloldt, WE2X, shHu 2, o|g, Etx]7]|A
57 =2 weteot ElX] /15S %t 34 2HAE AEHA
tt.

21419 Ael9 717 o= E-2025 27H2025971H4]
uralzjo} EA 2 BRE st 27D 61.5%% TatElo} g
A& 9 A&HH g =S st 20209 HfH] 20214
AHNZE Ald #AT H7Hs BEH59.1%), E29H20.5%),
EuY7ES(65.6%), WA (32.0%), WH(56.2%), o
3H1=(23%), AH-tlotetH]oR(100%), ‘Hotx e 7tg 3=
(33.7%), e'&(85.9%), BI=(22.3%), FEIZLE(100%), HF
FOoH(36.7%) S°ltt.

2020 %} Hjwsto] 202180 A7 S7HeE w7k &
2(56.9%), IAEFTH52.4%), 53H22.8%), oF=E
(11.1%), ANAEY(53.9%), &t 7]ohk(2.1%), Zhel
TEH(16.9%), SFHA(47.4%), TFHIH55.3%), AEH =
A #(28.9%) Solct. AIFE2o| A& 29 A A=t o AH
7 Z7Foka B soiet.
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technical strategy for malaria 2016-2030, GTS)' = 2025
dit 203049 H®E 24571 f8 2ot A9 FHA
S A7siien, 202539 vlgk 939 &3, 2030d0l= vl
1039 27 B3 20 24547 Qiek. E3F 2021
dollA 20309 717 ¢ A AA Eekeor Aol H
@ 89 5,000% €37t F7HHor Had Aow FHHA
o 202149 Zetejob SA 9 HES 95 & 739 22 A

Fo] Wad Ao ot 44 FAE FAL 359

)

2EE FHAF HAA Z3e 2010955 202149 7]
7t Bt detejor B4 2 €S 9%t & AFY 67%<1 oF
49 2997t 229 WA 2IEH ul= 139 &
13E& 7153on, JgolE BE Y Fofde ARt
PG ZLDlA oF 29 2,
Al oF 19 2] 7|57} o]FojAth 11 AR L]
(Development Assistance Committee)®] 3] {3} 7l7HLE
7| RAREE 49 g7t 7] R = 20219 FAHE v]st
359 22| F 78%7F oLzt Aol 5% SEorAloF A
A3t AF3 FFEAY, 4% vFA Y, AAFFAEL 3%,

U A 5%e 254 A9l A= AHTH 4).

) [\
¢}

QI 27to| A& o=
Ty 36%

7IE} 7| 3%
Y= 1% —,
=290[ 1% 7'
QAERUZ|0} 1% / A 4%

i ;AiJIE:MZA/ =039
%Eﬁﬂ’éﬁ“&"?—ﬁﬁ% / L s 3%/
Y & WRICH AT 2%
T8 4. Feeoh 3] 2 HAE A 715, 2010-2021€(F 7
=9 %, 71 48 20214 v|3t 7]8)
Reused from the article of World Health Organization (World Health
Organization 2022) [2].
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2021 ZEkejot A7 (research and development,
R&D) A2 "5t 69 2,600% D2 A9 mE JH
A Aol askginh 5] 8 & WHth Alo]= Bl &
Melinda Gates Foundation)o| 4| £A-5 EAAG, v]= =5
HAAT-HD(National Institutes of Health, NTH)¥} AHiA|0]
ojo] Tetejol WAl R&DE Al AR & A7 Al AAtt.

8) LztZ|ot ool Eg Y HEE

20044955 20219 A2GA ] FEdolEo] HEH A
ARo=E oF 259 7o) AFA A2 27 (insecticide-treat-
ed mosquito net, ITN)°] FF=JoH, 1 F 229 7H(87%)
7} A¥stet old ofxezto] FHE It 20214¥0l o 29
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Status of World Malaria in 2021 (2022 World Malaria Report)

Hyun-II Shin, Bora Ku, Esther Park, Jung-Won Ju, Hee-Il Lee*

Division of Vectors and Parasitic Diseases, Bureau of Infectious Disease Diagnosis Control, Korea Disease Control and Prevention Agency,
Cheongju, Korea

ABSTRACT

Malaria is an acute febrile disease transmitted through the bite of Anopheles spp. infected with Plasmodium spp. protozoa.
This disease occurs mostly in tropical regions. Five species of malaria can infect humans, Plasmodium falciparum, P. malariae, P.
ovale, P. vivax, and P. knowlesi, of which P, falciparum and P. vivax are known to be the most important parasites for human. P.
falciparum is most prevalent in Africa, while P. vivax is most prevalent in Southeast and Western Pacific Asia. P. malariae and P,
ovale occur in parts of Africa, while P. knowlesi occurs only in parts of Malaysia and Indonesia. P. falciparum accounts for the
most malaria deaths, whereas P. vivax presents a lower mortality risk rate than P. falciparum. According to the 2022 World
Malaria Report by World Health Organization (WHO), it was the number of infected cases and malaria-related deaths in 2021
were estimated to be 247 million and 619,000, respectively. Regionally, the most cases in 2021 occurred in the African Region
(95%) including Nigeria (26.6%), the Democratic Republic of the Congo (12.3%), Uganda (5.1%), Mozambique (4.1%), Angola
(3.4%), and Burkina Faso (3.3%). Furthermore, children under the age of 5 accounted for 76% of all malaria deaths. Belize
and Cabo Verde reported zero malaria cases for the third consecutive year, and many other countries are also moving towards
malaria elimination. Paraguay, Argentina, and El Salvador were certified malaria free in 2018, 2019, and 2021, respectively.
The Division of Vectors and Parasitic Diseases, the Korea Disease Control and Prevention Agency (KDCA) has been striving to
maintain a high level of diagnostic and surveillance capacities, while collaborating with international and national agencies to

control and eliminate malaria.

Key words: World Health Organization; Malaria; Elimination
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Introduction mainly occurs in Asia, including the Republic of Korea (ROK).
Tropical malaria accounts for the majority of malaria cases

Malaria is transmitted via the bite of a female Anopheles worldwide and is associated with various complications and

spp. mosquito infected with Plasmodium spp. There are 5
types of malaria parasites that infect humans: Plasmodium fal-
ciparum, P. vivax, P. ovale, P. malariae, and P. knowlesi. While

tropical malaria primarily occurs in Africa, tertian malaria

www.phwr.org Vol 16, No 22, 2023

high mortality. In contrast, tertian malaria poses a low clini-
cal risk but occurs in the largest geographical areas worldwide.
Although P. ovale infection and quartan malaria have low in-

cidence rates in some countries in West Africa and Southeast
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Key messages
(D What is known previously?

Worldwide, 241 million cases and 627,000 deaths from
malaria were reported in 2020. China and El Salvador
received the certification of malaria eradication from the
World Health Organization (WHO) in 2021.

@ What new information is presented?

In 2021, 247 million malaria cases and 619,000 deaths
occured worldwide. Belize and Cabo Verde reported
zero malaria cases for the third consecutive year.

(® What are implications?

Prevention and eradication of malaria are possible when
the management of mediators, preventive therapy, early
diagnosis, appropriate treatment, and systematic malaria
surveillance systems are organically linked.

Asia, they do persist, while P. knowlesi infection continues to
occur only in some countries in Southeast Asia [1]. According
to the World Health Organization (WHO) report, 247 mil-
lion cases of malaria were reported worldwide in 2021. From
2021 to 2022, the highest incidence of malaria was reported in
Africa (95%), followed by Southeast Asia, the Middle East, the
Western Pacific, and America (Figure 1) [2].

In the ROK, after the recurrence of tertian malaria at a

military base adjacent to North Korea in 1993, the highest
number of patients were affected in 2000, with a total of 4,142
cases; this number decreased to 385 cases in 2013. Recently,
a decreasing trend has been noted in this regard in the ROK,
with 485 cases reported in 2019, 356 in 2020, and 272 in
2021 [3]. According to the WHO report, 1,819 cases of ter-
tian malaria were reported in North Korea in 2020, indicating
a decrease of 91.7% from the 21,850 cases in 2012; however,
2,357 cases were reported in 2021, showing an increasing
trend [2]. In this study, the global incidence trend for malaria
in 2021 is summarized based on the “2022 World Malaria

Report” by the WHO.

Results

1. Global Trends for Malaria

1) Malaria cases
In 2021, 247 million cases were reported in 84 countries
worldwide, indicating an increase from the 245 million cases
in 2020, with Africa accounting for the majority of cases. The
incidence of malaria per 1,000 population in at-risk areas de-

creased from 82 cases in 2000 to 57 cases in 2019 and then

Bl One or more indigenous cases
Zero indigenous cases in 2019-2021
Zero indigenous cases in 2021

0 1000 2000 4,000 km o .
- — Bl Zero indigenous cases (>3 years) in 2021

[0 Certified malaria free after 2000
No malaria
Not applicable

N #c
e Figure 1. Countries with indigenous
cases in 2000 and their status by
2021

Reused from the article of World Health
Organization (World Health Organization
2022) [21.
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increased to 59 cases in 2020; this incidence rate in 2021
remained the same as that in 2020. Suspension of malaria-
related aid due to the coronavirus disease 2019 (COVID-19)
pandemic resulted in an estimated 13.4 million additional
cases from 2019 to 2021. However, the number of tertian
malaria cases decreased from approximately 8% (20.5 mil-
lion people) in 2000 to approximately 2% (4.9 million peo-
ple) in 2021. A total of 29 countries accounted for 96% of
all malaria cases worldwide, with the following 4 countries
accounting for almost half of all the cases: Nigeria (26.6%),
Democratic Republic of the Congo (12.4%), Uganda (5.1%),
and Mozambique (4.1%) (Figure 2).

According to the WHO data for Africa, approximately 234
million malaria cases were reported in 2021, accounting for
approximately 95% of the total global number of cases in that
year.

The WHO data revealed that South-East Asia accounted
for approximately 2% of all malaria cases worldwide, reflect-
ing a decrease of 76% from approximately 23 million cases in
2000 to approximately 5 million cases in 2021, with India ac-

counting for 79% of malaria cases.

Mali, 3.1% Cote d’Ivoire, 3.0%

United Republic of Tanzania, 3.1% Cameroon, 2.7%
. Ghana, 2.2%
Niger, 3.2%

Burkina Faso, 3.3%
Angola, 3.4%
Mozambique, 4.1%
Democratic Republic
of the Congo, 12.3%

Nigeria, 26.6%
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Benin, 2.0%
Guinea, 1.8%
Malawi, 1.7%
Ethiopia, 1.7%
India, 1.7%
Madagascar, 1.6%
Burundi, 1.5%
\
[0 Kenya, 1.3%

Others, 4.4%

For the Eastern Mediterranean Region, the WHO data
showed that the number of malaria cases decreased by 38%
from approximately 7 million in 2000 to approximately 4 mil-
lion in 2015. Further, 6.2 million cases were reported between
2016 and 2021, indicating a 44% increase, with Sudan ac-
counting for 54% of malaria cases in this region.

The WHO data revealed that the Western Pacific Region
accounted for approximately 1.4 million cases in 2021, indi-
cating a 49% decline from the approximately 3 million cases
in 2000. Papua New Guinea accounted for 87% of cases in the
Eastern Mediterranean Region.

The WHO data for America revealed that the number of
malaria cases dropped by 60% from 1.5 million in 2000 to
600,000 in 2021. Malaria outbreaks in Venezuela, Brazil,
and Colombia accounted for more than 79% of cases, with
205,000 cases being reported in Venezuela in 2021.

The WHO data for European Region has revealed no ma-

laria cases since 2015.

2) Eradication of malaria

Cabo Verde in Africa has reported zero domestic cases for

Zambia, 1.4%
Chad, 1.4%

Sudan, 1.3%

Bl South Sudan, 1.2%
Rwanda, 1.2%

Il Sierra Leone, 1.1%

Togo, 0.8% i . .
Liberia, 0.8% Figure 2. Global trends in distri-
\- Central African Republic, . .
0.7% bution of malaria cases by country,
2021

Reused from the article of World
Health Organization (World Health
Organization 2022) [2].
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the third consecutive year now in 2021. Sri Lanka was certi-
fied malaria-free in 2016 and remains malaria-free since then.
Iran has reported no domestic cases for 4 years in a row, and
Saudi Arabia has reported zero domestic cases for the first time
in 2021. China received malaria-free certification in 2021, and
Malaysia reported no cases of non-animal malaria for the 4th
year in a row. Argentina, El Salvador, and Paraguay received
certification for malaria eradication in 2019, 2021, and 2018,

respectively.

3) Malaria deaths

The number of malaria deaths continued to decline from
897,000 in 2000 to 577,000 in 2015 and 568,000 in 2019.
In 2020, the number of malaria deaths was estimated to be
625,000, a 10% increase from the number in 2019; howev-
er, this number then decreased slightly to 619,000 in 2021.
Between 2019 and 2021, 63,000 malaria deaths were report-
ed, as the COVID-19 pandemic disrupted essential malaria-
related aid (such as diagnosis and treatment). Of all malaria

deaths, children aged <5 years accounted for 87% in 2000, and

Angola, 2.4%

Cameroon, 2.3%
Ghana, 2.0%

Coéte d’lvoire, 2.4%
Uganda, 3.2%
Chad, 2.0%

Mali, 3.3%
Burkina Faso, 3.4%
Mozambique, 3.8%
Niger, 3.9%
United Republic
of Tanzania, 4.1%

Democratic Republic
of the Congo, 12.6%
Others, 3.7%

Nigeria, 31.3%
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Kenya, 1.9%
Benin, 1.7%
Madagascar, 1.6%
Guinea, 1.6%
Ethiopia, 1.5%

this proportion decreased to 76% in 2015, but no change has
been observed since then. Four countries accounted for more
than half of the global malaria deaths in 2021: Nigeria (31.3%),
Democratic Republic of the Congo (12.6%), Tanzania (4.1%),
and Niger (3.9%) (Figure 3).

The WHO data for Africa revealed 593,000 deaths in
2021, reflecting a decrease of 6,000 from the 599,000 deaths
in 2020.

The WHO data for Southeast Asia revealed a 74% reduc-
tion in malaria deaths from approximately 35,000 deaths in
2000 to 9,000 deaths in 2019, and this number has remained
the same over the past 3 years, with India accounting for 83%
of these deaths in Southeast Asia.

The WHO data for the Eastern Mediterranean Region re-
vealed a 45% decrease from 13,600 deaths in 2000 to 7,500
deaths in 2014, but an increase of 79% was noted between
2014 and 2021, accounting for 13,400 deaths. The increase in
the number of malaria deaths was observed mainly in Sudan.

The WHO data for the Western Pacific Region re-

vealed a 58% decrease in the number of malaria deaths from

I Sierra Leone, 1.4%
Zambia, 1.4%

[ Sudan, 1.2%
Malawi, 1.2%
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Bl South Sudan, 1.2%

8 Burundi, 0.9%
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Liberia, 0.6%
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N

Figure 3. Global trends in distri-
bution of malaria deaths by country,
2021

Reused from the article of World
Health Organization (World Health
Organization 2022) [2].
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approximately 6,200 deaths in 2000 to 2,600 deaths in 2021,
with 94% of deaths being reported in Papua New Guinea.

The WHO data for America revealed 334 deaths in 2021,
with 78% of deaths reported in adults.

4) Malaria cases and deaths averted
From 2000 to 2021, active global efforts have helped in
preventing 2 billion malaria cases and 11.7 million deaths.
The majority of these prevented cases (82%) and deaths (95%)
were reported in Africa, whereas 10% of infections and 3% of

deaths were prevented in Southeast Asia.

5) Burden of malaria during pregnancy

In 2021, of the estimated 40 million pregnant women in
38 African countries, 13.3 million (32%) were exposed to ma-
laria during pregnancy. West Africa had the highest prevalence
of malaria in women during pregnancy at 40.7%, followed
by Central Africa at 39.8% and East and Southern Africa at
20%. Intermittent preventive treatment of malaria in preg-
nancy (IPTp) has been successful in preventing approximate-
ly 457,000 cases of low-birth weight babies in 33 countries.
Given that low birth weight is a strong risk factor for neonatal
and pediatric mortality, prevention of low birth weight is be-

lieved to have saved many lives.

Table 1. Countries eliminating malaria since 2000
Year Countries
2000 Egypt United Arab Emirates (2007)”
2001
2002
2003
2004 Kazakhstan
2005
2006
2007 Morocco (2010)” Syrian Arab Republic Turkmenistan (2010)”
2008 Armenia (2011)”
2009
2010
2011 Iraq
2012 Georgia Ttrkiye
2013 Argentina (2019)” Kyrgyzstan (2016)” Omen Uzbekistan (2018)”
2014 Paraguay (2018)”
2015 Azerbaijan Sri Lanka (2016)”
2016 Algeria (2019)”
2017 Tajikistan
2018
2019 China (2021)" El Salvador (2021)”
2020 Islamic Republic of Iran ~ Malaysia
2021 Cabo Verde Belize
YCountries that have been certified as malaria free (with the year of certification in parentheses). Reused from the article of World Health
Organization (World Health Organization 2022) [2].
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699


http://www.phwr.org

I Public Health Weekly Repo: ’\

6) Malaria elimination and recurrence prevention

In 2021, 84 countries were affected by malaria, reflecting a
significant decrease compared with the 108 countries affected
in 2000. In 2000, malaria was endemic, and the number of
countries reporting less than 100 malaria cases increased from
6 in 2000 to 27 in 2021, indicating considerable progress to-
ward malaria eradication.

In Malaysia, no native human malaria cases or deaths have
been reported during the past 4 years, but a noticeable increase
has been observed in the number of people infected with P.
knowlesi. Since 2017, a total of 17,125 cases of P. knowlesi
infection and 48 P. knowlesi infection-related deaths have
been reported. In 2021, 3,575 cases of P. knowlesi infection
were reported, resulting in 13 deaths. During the same period,
435 additional cases of P. knowlesi infection were reported in
Indonesia, the Philippines, and Thailand in Southeast Asia.

Belize and Cabo Verde have reported no cases of malaria
for the third consecutive year in 2021, while Iran and Malaysia
have reported no domestic cases for the 4th consecutive year
in 2021. East Timor reported some domestic cases of malaria
in 2020 but reported zero cases in 2021, and Saudi Arabia re-
ported zero domestic cases in 2021 (Table 1).

Five countries, i.e., Azerbaijan, Belize, Cabo Verde, Iran,
and Tajikistan, have submitted official requests for malaria
eradication certification.

Even during the COVID-19 pandemic, 61.5% of E-2025
countries (countries targeting malaria eradication by 2025)
continued their efforts to eradicate malaria. The following
countries continued to observe a reduction in the number of
malaria cases in 2021 compared with the number in 2020:
Bhutan (59.1%), Botswana (20.5%), Dominican Republic
(65.6%), Mexico (32.0%), Nepal (56.2%), ROK (23%), Saudi

700

Arabia (100%), South Africa (33.7%), Suriname (85.9%),
Thailand (22.3%), East Timor (100%), and Vanuatu (36.7%).
Meanwhile, the following countries observed an increase in
the number of malaria cases in 2021 compared with the num-
ber in 2020: Comoros (56.9%), Costa Rica (52.4%), North
Korea (22.8%), Ecuador (11.1%), Eswatini (53.9%), French
Guiana (2.1%), Guatemala (16.9%), Honduras (47.4%),
Panama (55.3%), and Sao Tome and Principe (28.9%).
Ecuador reported an increase in the number of domestic cases

for the second consecutive year in 2021.

7) Investments in malaria-related programs and
research

The “Global Technical Strategy for Malaria (GTS) 2016~
2023” by the WHO has provided estimates of the funding
needed to meet the 2025 and 2030 targets, and it is estimated
that US$9.3 billion will be required in 2025 and US$10.3 bil-
lion in 2030. An additional $850 million has also been esti-
mated to be required annually for global malaria-related re-
search and development (R&D) between 2021 and 2030. In
2021, it was estimated that $7.3 billion would be required for
malaria control and eradication; however, the actual amount
invested was $3.5 billion, falling short of the estimated amount.

Between 2010 and 2021, US$2.4 billion, or approximately
67% of the total funding for malaria control and eradication,
was obtained from the global fund. The United States contrib-
uted more than $1.3 billion, whereas Great Britain, Northern
Ireland, the United Kingdom (UK), and Germany contributed
approximately $200 million, and Canada, France, and Japan
contributed to the funding approximately $100 million.

In addition, $400 million was donated by the Development

Assistance Committee members and private sector donors. Of
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Figure 4. Funding for malaria control and elimination,
2010-2021 (% of total funding), by source of funds (constant
2021 US$)

Reused from the article of World Health Organization (World Health
Organization 2022) [2].

the US$3.5 billion invested in 2021, 78% went to Africa, 5%
to Southeast Asia and the Eastern Mediterranean Region, 4%
to America, 3% to the Western Pacific Region, and 5% to un-
specified regions (Figure 4).

The funding amount for malaria R&D was US$626 mil-
lion in 2021, with the funding amount decreasing in almost
all areas. In particular, although the Bill & Melinda Gates
Foundation reduced its investment, it remained the third
largest funder of malaria vaccine-related R&D after the US

National Institutes of Health (NIH) and the industry.

8) Distribution and coverage of malaria prevention
According to delivery-related data provided by manufac-
turers from 2004 to 2021, approximately 2.5 billion insecti-
cide-treated mosquito nets (ITNs) were delivered worldwide,
of which 2.2 billion (87%) were delivered to sub-Saharan
Africa. In 2021, approximately 220 million ITNs were sup-
plied to malaria-endemic countries, of which 46% were mos-

quito nets treated with pyrethroid-piperonyl butoxide. By

www.phwr.org Vol 16, No 22, 2023

2021, 68% of households in sub-Saharan Africa had at least
1 ITN, indicating an increase in the proportion of individuals
within households receiving ITN support from 3% in 2000 to
54% in 2021.

Globally, the proportion of individuals benefiting from in-
door residual spraying (IRS) in malaria-endemic countries de-
creased from 5.5% in 2010 to 2.4% in 2021, accounting for
approximately 80 million persons.

The number of children receiving seasonal malaria che-
moprevention (SMC) increased from approximately 200,000
in 2012 to approximately 45 million in 2021. In 2021, the
15 countries implementing SMC administered approximately
180 million doses of SMC.

In the case of IPTp, data from 33 African countries re-
vealed that 72% of pregnant women used prenatal care servic-
es at least once during their pregnancy in 2021, with approxi-
mately 55% of pregnant women using IPTp once, 45% using

twice, and 35% using thrice.

2. Diagnostic Testing and Treatment

1) Malaria diagnosis

As per data reported by manufacturers, an estimated 3.5
billion rapid diagnostic test (RDT) kits for malaria were sold
between 2010 and 2021, with the majority of test kits (82%)
being supplied to sub-Saharan African countries. During the
same period, National Malaria Programmes (NMPs) distribut-
ed 2.4 billion RDTs, of which 88% were distributed in sub-Sa-
haran African countries. In 2021, 413 million RDTs were sold

by manufacturers, and 262 million were distributed by NMPs.

701


http://www.phwr.org

I Public Health Weekly Repo: ’\

2) Malaria treatment

Between 2010 and 2021, approximately 3.8 billion ar-
temisinin-based combination therapy (ACT) was delivered
worldwide, of which approximately 2.6 billion were delivered
through public sectors in malaria-endemic countries. In 2021,
manufacturers supplied approximately 225 million ACT to
public health sectors, whereas NMPs distributed approximate-
ly 242 million ACT during the same year. Of those, 97% were

distributed in sub-Saharan Africa.

3. Biological and Other Threats to Malaria

Intervention Strategies

1) Deletions of Pfhrp2/3 genes

Protozoa that lack the ability to express histidine-rich pro-
tein 2 (HRP2) cannot be detected by HRP2-based RDTs, and
protozoa that fail to express both HRP2 and HRP3 cannot be
completely detected by these RDTs. To prevent such false neg-
atives, an alternative RDT based on parasite lactate dehydroge-
nase (pLDH) has been developed. However, to date, there is no
WHO-approved non-HRP2 combination test that can detect
and differentiate between P. falciparum infection and triune
fever. The WHO uses Malaria Threats Map to investigate and
track Pthrp2/3 deficiency and Pthrp2/3 deletions reported in
Benin, Brazil, Cameroon, Democratic Republic of the Congo,
Djibouti, Ecuador, Equatorial Guinea, Eritrea, Ethiopia, Gabon,
Ghana, India, Kenya, Madagascar, Rwanda, Sierra Leone, and
Tanzania between September 2021 and September 2022. The
WHO global response plan for Pthrp2/3 deletion includes
strengthening laboratory networks to identify new biomarkers

and improving the performance of non-HRP2 RDTs.
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2) Parasite resistance to antimalarial drugs

Resistance of malaria parasites to antimalarial drugs can
be assessed using various methods. Genetic changes associ-
ated with reduced susceptibility have been identified for some
drugs. Monitoring of artemisinin resistance involves the detec-
tion of mutations in the PfKelch 13 marker, which is associated
with delayed treatment response.

The WHO data for Africa revealed that 266 P. falciparum
infection-related treatment efficacy studies were conducted be-
tween 2015 and 2021, according to the WHO standard pro-
tocol, enrolling a total of 20 patients in African countries. Of
these, 6 studies (4 artemether-lumefantrine [AL] studies con-
ducted in Burkina Faso and Uganda and 2 dihydroartemis-
inin-piperaquine [DHA-PPQ] studies conducted in Burkina
Faso) reported treatment failure rate of more than 10%. Cases
of PfKelch13 mutation have been reported in Eritrea, Rwanda,
and Uganda; however, the overall treatment failure rate re-
mained below 10% due to the sustained effectiveness of part-
ner drugs. Further research is required to investigate changes
in the extent of the spread of the PfKelch 13 mutation, the pro-
tozoal clearance time, and the in vitro resistance.

The WHO data for Southeast Asia revealed that mutations
associated with resistance to sulfadoxine/pyrimethamine (SP)
in central India could serve as early warning signals for poten-
tial treatment failure with artesunate (AS)+SP. In Thailand,
the treatment failure rate of DHA-PPQ+primaquine (PQ) was
high in the Sisaket province. Consequently, Thailand adopted
AS-pyronaridine (PY) as the first-line therapy in 2020. In the
Greater Mekong subregion (GMS), Myanmar and Thailand
have shown a significant prevalence of the PfKelch13 mutation
associated with partial resistance to artemisinin.

The WHO data for the Eastern Mediterranean Region
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revealed that 2 studies using AS+SP in Somalia and Sudan re-
ported treatment failure rates of more than 10%. The first-line
treatment in these countries was subsequently changed to AL.

The WHO data for the Western Pacific Region revealed
a high treatment failure rate of AL in Laos in 2017; however,
subsequent studies have confirmed the high efficacy of AL. A
high treatment failure rate of AS-amodiaquine (AQ) was re-
ported in Cambodia, indicating resistance to AQ. DHA-PPQ
exhibited a high treatment failure rate in Cambodia, Laos, and
Vietnam, resulting in its discontinuation as a first-line treat-
ment method. The PfKelch]3 mutation showed high preva-
lence in Cambodia, Laos, and Vietnam in the Mekong Region,
and the spread of PfKelch13 C580Y mutation has been noted
in Papua New Guinea.

The WHO data for America revealed sporadic cases of the
PfKelch13 C580Y mutation associated with partial resistance
to artemisinin between 2010 and 2017 in Guyana; however,

these mutations were not identified in recent samples.

3) Vector resistance to insecticides

From 2010 to 2020, 88 countries reported data on stan-
dard pesticide resistance monitoring to the WHO. Of these, 78
countries reported resistance to at least 1 malaria vector and
at least 1 pesticide class at collection sites. Among them, re-
sistance to pyrethroids, organochlorines, carbamates, and or-
ganophosphates was already detected in various regions in 29
countries. Of these, resistance to all 4 strains (pyrethroids, or-
ganochlorines, carbamates, and organophosphates) was iden-
tified in 19 countries. Data on insecticide resistance reported
to the WHO are included in the WHO global database of pes-
ticide resistance in malaria vectors and can be accessed via

Malaria Threats Map.

www.phwr.org Vol 16, No 22, 2023

4) Effectiveness of insecticide—treated mosquito nets
The use of ITNs played a major role in reducing malaria
transmission and burden from 2005 to 2015, particularly
in regions with moderate to high transmission levels. Long-
lasting insecticidal nets (LLINs) with extended effectiveness are
still effective, and their continuous use has been recommended
by the WHO for malaria prevention. A pilot trial study pub-
lished in 2018 reported that ITNs maintain a high level of pro-
tection against malaria, even in regions with high pyrethroid

resistance.

5) Effectiveness of indoor residual spraying
IRS is another mosquito vector control technique empha-
sized by NMPs. Although there is experimental evidence that
the efficacy of IRS is limited, with proper application, IRS can
reduce adult mosquito density and lifespan, thereby making it

a useful means of reducing malaria transmission.

4., Malaria R&D and Pipeline Products

1) Preferred product characteristics and target
product profiles

The WHO Global Malaria Program (GMP) is pivotal for
encouraging and guiding the development of products with
high public health impact and suitability. This program has
been involved in the development of criteria such as preferred
product characteristics (PPCs) and target product profiles
(TPPs). The WHO is managing the development of a TPP for
point-of-care testing of glucose-6-phosphate dehydrogenase
(G6PD) to address the requirements of the control of tertian
malaria. Moreover, the WHO announced an updated malaria

vaccine PPC in 2022, building on the experience of the RTS, S
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malaria vaccine. This PPC includes characteristics such as pre-
vention of blood-borne infections, reduction in the incidence
and mortality rates of infections, and reduction in community-

level transmission (Figure 5).

2) Diagnostic tests and antimalarial medicines

The spread of P. falciparum parasites with Pthrp2/3 gene
deletion poses a major threat to the accuracy of diagnostic tests
for malaria. The current R&D pipeline focuses on improving
existing point-of-care diagnostic platforms (such as microsco-
py and rapid diagnostic kits) and developing alternatives using
various sample types. The current R&D on antimalarial drugs
is focused on developing next-generation life-saving medicines,
particularly for adults, pregnant women, and children at high
risk of contracting malaria. In addition, efforts are underway to

simplify treatment and explore non-ACT options to counteract
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increased resistance to artemisinin or partner drugs (Figure 5).

3) Vector control

The WHO has recommended 28 vector control prod-
ucts, of which 11 (39%) are for I'TNs and 7 (25%) are for IRS.
Overall, 13 (46%) products are at the data generation stage to
confirm safety, quality and entomological effectiveness. Seven
products (25%) are being investigated in epidemiological tri-
als, 6 (21%) are being evaluated by the WHO for inclusion in
pre-qualification lists or WHO policy recommendations, and 2

(7%) are in the prototype development stage.

4) Vaccines
Malaria vaccines that are currently in the clinical develop-
ment stage target different stages of the parasite's life cycle, in-

cluding the sporozoite or liver stage, blood stage, and sexual
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reproduction stage of mosquitoes. Detailed information can be
found in the Vaccine Dashboard of the Global Observatory on
Health Research and Development (GOHRD).

Conclusion

The 2022 World Malaria Report summarizes the efforts of
various countries to eradicate malaria in 2021. The GTS aims
to reduce malaria incidence and mortality by 75% by 2025
and by 90% by 2030 compared with the incidence and mor-
tality in 2015. The target is to achieve eradication in at least 20
countries by 2025 and at least 35 countries by 2030 [4-6].

Increased vector resistance due to the use of ITNs and the
emergence of drug resistance against antimalarial therapies, re-
main major concerns for malaria elimination. In some regions,
certain strains of Anopheles stephensi, which are not detected
by the most widely used rapid diagnostic kits and which easily
adapt to urban environments, pose a substantial risk of malar-
ia resurgence. To revitalize anti-malaria programs, the WHO
has developed and disseminated new guidelines that include
strategies to curb resistance to malaria drugs in Africa. In ad-
dition, the WHO and UN-Habitat have jointly established rec-
ommendations for the management of malaria in urban areas
and for the prevention of the spread of A. stephensi infection.
Furthermore, the WHO guidelines are being modified to better
reflect the circumstances of individual countries. Effective ma-
laria management relies on robust healthcare systems built on
appropriate investments and primary healthcare, thereby fa-
cilitating successful malaria eradication. R&D also plays an im-
portant role in this regard, with ongoing efforts to develop new
vector control technologies, including next-generation ITNs

that can overcome mosquito resistance, and to establish novel

www.phwr.org Vol 16, No 22, 2023

malaria treatment and diagnostic methods.

Another breakthrough is the RTS, S vaccine, the first and
only vaccine recommended to prevent malaria in children.
More than 1.2 million children in Ghana, Kenya, and Malawi
are currently benefiting from this vaccine’s protection against
malaria, with plans to expand its coverage to several other
countries. However, the persistent shortage of sufficient fund-
ing for basic research and product development continues to
hamper progress. Therefore, increased investment in the devel-
opment of new malaria elimination technologies is necessary
to address emerging threats such as urban malaria and drug
resistance.

Despite these several challenges, we remain hopeful for a
malaria-free future through strengthened responses, enhanced

understanding of risks, and accelerated research.
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QuickStats

Trend in the Rate of Limited Oral Function, 2012-2021

The rate of limited oral function in Korean adults aged >19 years dropped from 20.6% in 2012 to 15.0% in 2021 (dif-

ference of 5.6%p) (Figure 1). In 2021, older adults were more likely than younger adults to have limited a oral function and

39.7% of adults aged >70 years had poor oral function (Figure 2).
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Figure 1. Rate of limited oral function, 2012-2021
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Figure 2. Rate of limited oral function by age group, 2021

*Rate of limited oral function: The percentage of adults aged =19 years who currently have difficulty with mastication or pronunciation due to

problems with teeth, denture, gums, etc.

fAge-standardized prevalence was calculated using the 2005 population projections for Korea.

Source: Korea Health Statistics 2021, Korea National Health and Nutrition Examination Survey, https://knhanes.kdca.go.kr/

Reported by: Division of Health and Nutrition Survey and Analysis, Bureau of Chronic Disease Prevention and Control, Korea Disease

Control and Prevention Agency
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