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£ ZM0: QB e AEeHA 284 Wl wnte Tehw A @44
M = & SOl olFoiAok A 7] HE2 M= 2
ZAHo] ARNA HE AR 5 e ASSHaL et 7
A= H = (bioterrorism)= Alt, HrolH A 9 45 A9 Aol Zasitt2]. & 2RoA= B 2 o4 @7
ARl &S 4o7]7] Rt g AL AN, 7HS AlE A AlESH HiSs] A AR e addt AeEE a8
SO =3AA Y B e Qe Ag FAHer 5 AW B4 diste] Vlesta AGH o AeHE BRI
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I HHE AT FHo= ARG EE A9 2ol oL A
ol HAYLA| d|Fo] o]F7] ol =44 gk A% B =2
A =Eol Bt AEE 2] B 74T AEel 5
7Fstal Avk= A7t A Aelntl]. A= E e 24 s 1. ME2H|2{Q EX
g2 WA B Al ZFEA SN PR %S 7 BETHE 718 ol8ste A2 A=A P2 BT
A 5 Q7] Hzel A ddgdAe] 7] FAeF 4% 715 A K(Biological Weapons Convention) % 3F+-77]&
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A% - AR AAFLAAZ FHoH e B2 2
A BFRAA vAE AP A E BUAE Has o
Zaste], S7b9) HAIeke te] 7]oid 4 ek,

A% 9K(Chemical Weapons Convention) 53} 722 A& oF
of weh FA =0} YA, 3G F£719] AF Bgo] P A
H|-go] A Fsto] AHE H Z4F 7hsAdo] wohal wtE o] £
71 3 A, stehE7of vls] A-gt
Ze A AA 9] chF AR A9k A
A wf&of AP Al
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2. YEHIZEAA

AEHH AgEHe e F712E A, Brolga
AH5]. 19909 v]= ArgSA AEAl
E](Centers for Disease Control and Prevention)ol| A= 3&
S AP Q4E Ad HEAES Best] Adl 379 1F
FOFATHE 1)
[6,7]. Category A9 7%, A 7+9] gHito] 47 o] Foj A A
U SsEA0 A4 4 2T & Aoy ARlFo s

zso] glo] £l

4 50l o5l

(Bioterrorism Agents Category A, B, C)°.2 £

= gttt upREE Q& Category COll 78 HYAl= gyt o
o] gloy Aoz {7 gitd & 9]
A, SN A=Y Y ET APES 7HAIL Qi o] BEAlE
& Category A % B2 Aol v JAT thu]7} L asHA|
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0%
0%

(HaA)

0

A 1A (Bacillus anthracis)

H A E(Yersinia pestis)
F%(Variola)
oFEH(Francisella tularensis)
HholH A &9
B B2 Mgt (Brucella species)

A Z7Hd T (e.g., Salmonella)
u}H) % (Burkholderia mallei)

8] A(Burkholderia pseudomallei)
A€t 5 (Chlamydia psittaci)
F<L(Coxiella burnetii)

2] Al &4 (Castor beans)

ZE|FE A (Rickettsia prowazekii)

14 7+ (e.g., Vibrio cholerae)
C A9

BEIE 543 (Clostridium botulinum toxin)

& (Hemorrhagic fever viruses)

DA+ =2 (Epsilon toxin of Clostridium perfringens)

P x CAF 454 BP(Staphylococcal enterotoxin B)
Ho]Z A/ B A(e.g., Venezuelan equine encephalitis)

H(Emerging infectious disease threats such as Nipah virus and hantavirus)

Data from Centers for Disease Control and Prevention [7].

A0l 285 §dde F=2
A 0)7] el T

3. WS QMZH T WY

AEHE T A A& i8S AsiAe 252X "
ARoIA FEEHE AUAAE A& - oA EATE & 9l
< ARG 719 Jdo] Ea2o,

A A A AHpoint-of-care testing, POCT)&, ko] 4
Ao 35| L BRI v R FAE - sks FA
£ Eett 71E AR 2] @F0IA & oW AP 7H

%

A o] AFE WA gFe o] glow] Tt

www.phwr.org Vol 17, No 29, 2024

Aulg o o 9 2 RUE A9 @A Aae

A& s AAEOE B3 1 3§ WSt B

BEE AN AAHAAE FAS 913 7]
B3 G 7145 @YNS A B u|&ARL 5

Sh7]oll= ol AW, AEHE JHHA A B2 Al
tag, AT B A fFE 24 59 2ol ATl
AEH Y JHAAE A5t o AHEEE AAMEES HR®
2oz wiFgAL AAT FEaL AHHHS(real-time poly-
merase chain reaction, real-time PCR), 2353
(loop-mediated isothermal amplification), 4!
(lateral flow rapid strip test) 5°] 210w Z+Zr9] gz wof off
ff ZhestA axfskarAr 5]
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HiolgjA ¢ a2 F 29| A B HFo|#A(Herpes B virus, Cercopithecine herpesvirus 1)

At ¥ A EH (Yersinia pestis)”
EbA & (Bacillus anthracis)®
B EA2 - (Brucella melitensis, Brucella suis)
W) &+ (Burkholderia mallei)
W& Qo] Al At (Burkholderia pseudomallei)
BE& % F(Clostridium botulinum)®
oA <t(Shigella dysentriae type 1)
Z-a}u|t]o} AEFA|(Chlamydia psittaci)
FE(Coxiella burnetii)
o} (Francisella tularensis)®
W E| F A (Rickettsia prowazekii)
Suty Aot (Rickettsia rickettsii)
ZAY ol A (Coccidioides immitis, Coccidioides posadasii)
=2k (Vibrio cholerae O1-0139)

Fejuiet T 284 Hlo]3 A (Crimean-Congo haemorrhagic fever virus)
o]AH o]FQl & Hio]ZA(Eastern equine encephalitis virus)
o] 22} ulo]& A(Ebloa virus)”
A=z} vho|#) A (Hendra virus)
2H4} vlo]2 A(Lassa virus)®
upH] 1 Hlo] 2 A(Marbug virus)?
50| & A Hio|g] A (Monkeypox virus)
Yz} vlo]g) A (Nipha virus)
L E W] Hio]Z| A(Rift Valley fever virus)
ot 27F £8Q Hho]8 A(South American haemorrhagic fever virus)
2} vlo|H A (Yellow fever virus)
A5 uf & Hlo]2] A (Western equine encephalitis virus)
7] w7 =¥ vio]g A(Tick-borne encephalitis complex virus)
=2 vpo]g] A(Variola virus)”
AT vlo]# A(Variola minor virus, Alastrim)

| F=dz} o]F}9] ¥ Hlo]E A(Venezuelan equine encephalitis virus)

%3 83557 T3 I 24 Hho]# A(Severe acute respiratory syndrome coronavirus)
25 ASFAR QARG AT vrel= (LA 2 H5N1, H7N7, H7N9)
29 AEFAA BHo]22(1918 influenza virus®] 87 BYAG A& F shut o] FAAE Zddh=

influenza virus)
A oA lr—]‘%%— YA (Transmission of spongiform encephalopathy agent)
T8 387 5 21} Hho]# A(Middle East respiratory syndrome coronavirus)

ol §HAL AL 5ol ofato] 9l5ol] §2F A9 Fu Aol A4t B 2AT + U 4EY HAA. V2 B de

o g
o]-&-5 BdAof oJslo] TAYH ZFAW. Data from Korea Centers for Disease Control and Prevention [8].
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1) D42 BiFAAL
S HFEA AR AAPLAE HASH] A8 AAE=
B AP F stuelth 2y oY Al S ERE 2Rl
& H7HA] A YA = FUo] £25]
Z

ol mEk ek 354 A

i
o)

7HA AR Qlsl BEE
Ao zE AeelA] et mEo], @A A3=de 2
HE B F7HAQ AEAAE A A9l dAa e s 5

Wk Zo] AYstes),

oy 4w A e 9 4

o, o] 712 HUAE Al HAFsH: th(multipelx)
Aol 7hssto] et YA E o] HES S U= A
o] UAIE, real-time PCRS @G-S A O & AMHE5}7]
of AgFstA] 2 E 7HA] Aol Stk A WA, 17k £
A Au7h Bashe, ol Aul= @AY o5 ATt
2/do] AgtHo|1 T WA= ME AA e o] s
A3 Ao HAEA A o] 757] wizol HHAZ7HT ANg-St
7] ot TS Al MA, e wsto] wizkshy 2F 82l
olsf) Aato]l FFS wlF 4= UrH10l. ¢ EAHES HEsH]
A8 BAAEE 0]-&3F POCT 7|&0] AEE UL tjEZ 2
2= v= A AE Y3 AH]Ql GeneXpert (Cepheid)
7F k. o] AARIE AHE A2} real-time PCRE §35}0]
53t AAEHS 153 o2 PAA S FAFe] HaofA] 2
A AEohe ol AHSE g HHA AR Aok &
Aslo] 1008 o|YE A&t o Herg HAAE A4S

FoEn ABEH WA A A3 A9 A2 s,

www.phwr.org Vol 17, No 29, 2024

[11]. o]2]3F 8Q1E= QId] real-time PCR AAMHS dA o]

A 2% g BE AHE3HE §) 9lo] ool gtk

o,
N

A7 229 §A7F 75§ heating-blocko|W =21k 9O H
Ago] 7}53leH12]. TS PCR = real-time PCR (1-34]
Zhell Hlsl &2 AIZH30R-1A17F o] W) Woll A% Ats &
S & A= AL 7 ATHIOL SHAIRE 4-67H9] ATEA]
(primen)E ©]-8-5k0] TA}QIsL7] W&ol Z7] 7ol glof of
#go] AT B3 A 7o) dasta Ero| ]
7t a7t HolA @Rl BEH Y AUAAE SA &
A5zl obA7HA] SAIZF EATH13). o] A
o QlolAl AAlt) 7]&& FERT glo] W2 sfdo] o]Fof
A3 YARE AR YEEH o4 B9 H 82 27 &

Aol ATt

1980d ] Frto] =Y HAA=vE T 1 H(immu-
nochromatographic tests)0|2t1le 2= SHF5AAME o
& HLAE AFolA Al&sHA FAsh= H E] AREE L
U= AFEA 71&olth14]. SUF-5H Y24 (lateral flow
immunoassay)> HZ A 210] glole HA HA} 755t 9
A9 AR B Qlo] wiEA AE ERAT & U= &
o] qAtt. shAgE A WA, S UL YA (species)®] THE o
F(strain)?}0] o] ofH, F WA, 2 RPEE Kol

u, A WA, B 5 Azo] Ak A B

1o
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=)

PEet ol =g Hol 3 gAu, 17k ),
12 AXe @ 23 shHe) A4S ast, Ang
QAL dof Ato] Bol 2857 HhEe] AFYAFAELE
8710 ARHe] QIcH14]

Zhastal BE A3E e 4 ey W2 FEH

Iz
=Y
&

S~

.10 vt A&EEHREH

£9} Eol g el 297t gom, AAE SueEaAt
He &2 So|ES LehyAu o 15| R AT et

HEHIL.
olof A= HYolM= =7+ F=H
7] wzol AA AA

o ol Bl HE 2AE T 5 Aok ASFE F
A7 EX T3} Zo] H7t A

7t 4
A NHE(EHEA), T A, LA 29, Al A, ol
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Utk AT Fo HSUAE 8T & Uk Bol8S
3% & ANI15,16], 012 B3 2EXNY(HAT L &)
of @A mEA FUAE YA o HEY 5 AUk

)
i A 2 245 FA6] BAsh: 7IER AEstile
(3], 201549 7]& AlEo] A8H dugA Y 3
SEE B U2 PAIE gt 71E0] AEAH RN
10° CFU/mlolA H i 10 CFU/mI7HA] AIA=S FAFAI A
1, B0l 9] A9 WA= 10° CFU/ml, Z4+ 100 pg/ml
O] AFEAAE H[EO] ¥hgo] gleS ERlsto] Bt a4
o7 HEH D ks BEAY FAVt 7RIS, 16l E
o 71E9] OSEAVEx GARR}, HAEF, ofES

=
=
Hholg A, HEDw F4 A, A 54, FAZLEAITFL

B3 (Staphylococcal enterotoxin B), BFAdletat, e ett2]
9F= AT 4= A AU A AFESHL Qe TS
g 7 B
Evt, FHAR, FHolE A, HEds 54 A/B, 24l 5
4, AR AGHY=4 BY, ERAZRIC R F 9719 ®¥
AL 548 G2 7 BEA7E 45 "], A= Hia

2 BARHATY SoH G 9

GA7EE A

olo
2
£
b
Y,
riok
o,
re
-
o
=2
>
>,
USL
nﬁ
=
o)
o
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=3
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FHAF S)E AA flo] #3ste] 2HE I 5 3. o]

2 918 W fE1 T HYAE] e gRE Y
o 108 U SUE BrhE YAlska e,

2 B

A = AF—A 7] tieh A&2]1 A7 2 AA]
g 7I& 7ol o] FoiA 1L k.

2 Zfolds AEHE Hen &
ARl WA 'A Ve Fo4L VIestid. 591, A5F
4 FANEY T2 FFNAY 27] S 58S A F
S EAHO R, HlSAAE
& Qe 8ol BhE AR £&0] 7hsoltte A& SH
AA &2 7H7F A ol AEHH A Al A& g2
7Fs3Hl ste] 354 vAl= HES Aok, Arel
& AskE H 71912 5 A

MEE A& FAVIEe gt JdAd didt &2
RS} S0l Ko, &84 dgo= 7= |%F
oA Btz ARgo] 7hset Aol 2 Axoltt. ol Al
o] &3t Ad e S A=EE ol ti 271 b8 Al S8
BT = AeS AARIT. E AEAHA A A
J=H 2 Al gt 7€ @FAAIES A
Adstal iAo zs AAgd

gulset A9 - FAIA A
Ao F 7|t}

Agdow, AgeEs 1 94 il

i
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Sz B4
S, WA Al wrefst WalE 2T 5 9l 9, ofof ]
3k Al&aty JEst 8] 7149 Afuta B ufe 2935}
ot Ao Fozr AEHY oy - g2 Yt
A 714S A& o7 sty AAs] Uz oA o]
t}, o]t ZZH o Zylo] WESH oty ool TERA
A7 "8 ggoll 71012 Aoz Agd.
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ABSTRACT

Bioterrorism, the use of microbes and toxins to inflict mass harm, remains a growing threat despite global prevention efforts.

This review describes the need for rapid onsite detection technologies to overcome the limitations of current field detection

methods. Enhancing response capabilities using user-friendly rapid antigen detection Kits is crucial for minimizing public

health impacts during bioterrorism incidents. The development of these technologies is vital for effective preparedness and

response to bioterrorism.
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Introduction

Bioterrorism is the act of introducing bacteria, viruses, and
toxins into people, livestock or plants to cause death or disease
with the intent to inflict social disruption. Owing to the diffi-
culty in distinguishing between research and terrorist use of bi-
ological threats and predicting the timing and location of such
threats, the likelihood and threat of bioterrorism are increas-
ing despite international counter-proliferation and regulatory
efforts [1]. Although bioterrorism is an unlikely event, it can
have far-reaching public health implications, requiring early
detection of the causative pathogen and rapid on-site response.
Initial response requires rapid and accurate detection meth-

ods that first responders can use on the spot [2]. This review

www.phwr.org Vol 17, No 29, 2024

aims to characterize the various on-site bioterrorism detec-
tion methods used for rapid response to bioterrorism and sus-
pected bioterrorism sites and demonstrate the need for contin-
ued development and improvement of bioterrorism detection

methods.

Results

1. Characteristics of Bioterrorism

The use of biological weapons is an inhumane act prohib-
ited under international conventions such as the Biological
Weapons Convention and the Chemical Weapons Convention,
however, their ease of manufacture and low cost of produc-

tion have made them attractive for use and proliferation. These
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Key messages
(D What is known previously?

Bioterrorism poses a threat by using microbes and toxins
to cause massive damage, making the development of
rapid detection technologies crucial.

(@ What new information is presented?

Developing and improving rapid antigen detection kits is
important for enabling rapid responses to bioterrorism,
minimizing public health threats, and preventing social
chaos.

(® What are implications?

Advancing onsite detection technologies is crucial for
mitigating public health threats and social unrest during
bioterrorism incidents, thereby enhancing national bio-
logical security and public health.

biological weapons are difficult to regulate and prevent in ad-
vance owing to their low cost of production compared with
chemical weapons, the ease of acquiring equipment for mass
production of bioterrorism agents, and the ease of transporta-
tion. They pose a long-term risk when used against humans, as
they can be continuously transmitted from person to person
through infected individuals [1-3].

A relatively recent example of bioterrorism is the anthrax
attacks following the terrorist attacks on September 11, 2001,
in the United States. This incident involved anthrax-contam-
inated letters mailed to the offices of several U.S. news orga-
nizations and a Democratic senator’s office, resulting in 22
cases of anthrax infection, including five deaths. Since then,
bioterrorism incidents have continued to increase. These in-
clude the anthrax plot by medical students affiliated with the
Islamic State in Kenya in 2016, the delivery of ricin mail to the

U.S. Secretary of Defense and President in 2018 and 2020,
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respectively, as well as domestic incidents that have been con-
firmed not to be bioterrorism, such as the surge in reports of
large amounts of international mail from Taiwan in July 2023,
causing confusion. In the years since the 2001 terrorist attacks
involving white powders, such as anthrax spores, a number of
incidents have occurred with suspicious packages and letters
containing powders, which have not only caused physical and
psychological damage from biological threats but have also af-
tected policies, security procedures, and public perceptions of

the bioterrorism threat [4].

2. Bioterrorism Agents

Biological weapons used in bioterrorism include bacte-
ria, viruses, and toxins [5]. In the 1990s, the U.S. Centers for
Disease Control and Prevention classified pathogens with
biological hazards into three groups (Bioterrorism Agents
Categories A, B, and C) for their management (Table 1) [6,7].
Category A includes pathogens that can easily spread from
person to person, have serious public health consequences,
and cause significant social disruption, requiring immediate
response and preparedness. Category B includes pathogens
that can spread relatively easily and are less deadly than those
in Category A but require special public health preparedness.
Category C includes pathogens that are commonly known and
can spread relatively easily, with moderate incidence and fatal-
ity rates. These pathogens do not require as rigorous prepared-
ness as Category A and B agents. These pathogens are largely
manageable, requiring more general public health measures
in preparedness and response planning [6]. In Republic of
Korea, infectious disease pathogens that can pose a serious risk
to health when used for bioterrorism or leaked to the outside

world by accident are designated and managed as high-risk
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Table 1. Bioterrorism agents and disease categories from US Centers for Disease Control and Prevention

Category

Disease (agent)

A Anthrax (Bacillus anthracis)
Botulism (Clostridium botulinum toxin)
Plague (Yersinia pestis)
Smallpox (Variola)
Tularemia (Francisella tularensis)
Hemorrhagic fever viruses

B Brucellosis (Brucella species)
Epsilon toxin of Clostridium perfringens
Food safety threats (e.g., Salmonella)
Glanders (Burkholderia mallei)
Melioidosis (Burkholderia pseudomallei)
Psittacosis (Chlamydia psittaci)

Q fever (Coxiella burnetii)

Staphylococcal enterotoxin B

Typhus fever (Rickettsia prowazekii)

Water safety threats (e.g., Vibrio cholerae)

Ricin toxin from Ricinus communis (Castor beans)

Viral encephalitis (e.g., Venezuelan equine encephalitis)

C Emerging infectious disease threats such as Nipah virus and hantavirus

Data from Centers for Disease Control and Prevention [7].

pathogens (Table 2) [8].

As the pathogens used for bioterrorism are primarily
Category A agents, it is critical to quickly determine the pres-
ence of a pathogen to minimize human casualties in the event
of a suspected bioterrorism incident. Therefore, the develop-
ment and improvement of technologies for rapid on-site de-
tection is critical to promptly identify a terrorism situation and

determine response policies [3].

3. Detection Methods for Suspected Bioterrorism
Samples
Rapid response in the event of a bioterrorism incident re-
quires the development of point-of-care testing (POCT) tech-
nologies enabling first responders to promptly and accurately

test suspected bioterrorism samples on the spot.

www.phwr.org Vol 17, No 29, 2024

A POCT is a test that allows for on-site detection without
the need for a separate laboratory procedure. As opposed to
conventional testing methods, it is a rapid and sensitive test
method that tests within minutes on the spot, provides the ad-
vantage of not being limited by the testing location, and im-
proves the limitations of detection and monitoring methods
based on expensive equipment.

The various known techniques for detecting causative
pathogens in suspected bioterrorism samples have disadvan-
tages such as difficult operation for first responders or un-
trained personnel, time-consuming detection of suspected
bioterrorism samples, and false positive results [9]. The typi-
cal methods used for detecting suspected bioterrorism sam-
ples include culture and identification, real-time polymerase

chain reaction (real-time PCR), loop-mediated isothermal
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Table 2. High-risk pathogen” and bioterrorism agents” of Republic of Korea

Category Pathogen

Bacteria and fungi  Yersinia pestis”
Bacillus anthracis”
Brucella melitensis, Brucella suis
Burkholderia mallei
Burkholderia pseudomallei
Clostridium botulinum"”
Shigella dysentriae type 1
Chlamydia psittaci
Coxiella burnetii
Francisella tularensis”
Rickettsia prowazekii
Rickettsia rickettsii
Coccidioides immitis, Coccidioides posadasii
Vibrio cholerae O1- 0139
Virus and prion Herpes B virus (Cercopithecine herpesvirus 1)
Crimean-Congo haemorrhagic fever virus
Eastern equine encephalitis virus
Ebloa virus”
Hendra virus
Lassa virus”
Marbug virus”
Monkeypox virus
Nipha virus
Rift Valley fever virus
South American haemorrhagic fever virus
Yellow fever virus
Western equine encephalitis virus
Tick-borne encephalitis complex virus
Variola virus”
Variola minor virus, Alastrim
Venezuelan equine encephalitis virus
Severe acute respiratory syndrome coronavirus
Avian influenza in human (H5N1, H7N7, H7N9 from human)
High-risk influenza virus (influenza virus containing one or more of the eight pathogenic genes of the
1918 influenza virus)
Transmission of spongiform encephalopathy agent

Middle East respiratory syndrome coronavirus

Infectious disease pathogens that, if used for the purpose of bioterrorism or accidentally released into the environment, could pose a serious
risk to public health. "Infectious diseases caused by pathogens that have been used intentionally or for purposes such as terrorism. Data from

Korea Centers for Disease Control and Prevention [8].
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amplification, and lateral flow rapid strip tests, each of which is

briefly described below [5].

1) Microorganism culture and identification

Microorganism culture and identification is a gold stan-
dard method used to detect the causative pathogen. However,
it takes days or weeks for culture results to be available, requir-
ing a Biosafety Level 3 (BSL-3) facility depending on expertise
and pathogen characteristics, and many other limitations mak-
ing it unsuitable as an on-site detection and testing method for
a suspected bioterrorism incident. Therefore, it is recommend-
ed as a laboratory test to further confirm the results of on-site

screening [5].

2) Real-time PCR

Although real-time PCR is the most commonly used labo-
ratory test with high sensitivity and specificity, providing high-
ly accurate results and allowing for multiplex testing to detect
multiple pathogens simultaneously, several factors hinder its
use as a POCT method. First, real-time PCR requires expensive
analytical equipment, limiting mobility and accessibility on the
spot. Second, sample pretreatment and the expertise required
in the interpretation of results make it difficult for non-experts
to use. Third, it is sensitive to environmental changes, and ex-
ternal factors can affect the results [10]. To address the above
issues, POCT technology using molecular diagnostics has been
developed, such as GeneXpert (Cepheid), a system supported
by the U.S. Department of Defense. This is an automated sys-
tem that integrates sample processing with real-time PCR and
is used to detect pathogens directly from a patient’s blood. It
detects and analyzes the nucleic acid of the pathogen to detect

the pathogen promptly with high accuracy in less than 100

www.phwr.org Vol 17, No 29, 2024

minutes, enabling rapid diagnosis and treatment in the event of
bioterrorism. However, as with real-time PCR, it requires regu-
lar calibration to maintain accuracy. Moreover, it requires a re-
liable electricity supply, limiting its mobility [11]. These factors
pose challenges to the use of real-time PCR testing for on-site

first response purposes.

3) Loop—-mediated isothermal amplification

Loop-mediated isothermal amplification is a relatively re-
cently developed and introduced test method that is simple to
operate and highly sensitive in identifying specific DNA with
high accuracy [10,12]. Loop-mediated isothermal amplifica-
tion requires only a heating block or water bath that can be
maintained at a constant temperature with no expensive labo-
ratory equipment involved [12]. Moreover, it has the advan-
tage of providing results in a shorter time (within 30 minutes
to an hour) compared with PCR or real-time PCR (1-3 hours)
[10]. However, there are difficulties in the initial development
as it is designed using four to six primers. Furthermore, there
remain limitations in the immediate on-site detection of sus-
pected bioterrorism samples owing to the need for pretreat-
ment and separate equipment [13]. Despite the vigorous de-
velopment of this technology, which is attracting attention as a
next-generation POCT, its application in suspected bioterror-

ism incidents continues to be in its early stages.

4) Lateral flow rapid strip test
The lateral flow rapid strip test, also known as an immu-
nochromatographic test, introduced in the late 1980s, is a
widely used POCT technique for the rapid detection of a wide
range of pathogens [14]. The lateral flow immunoassay has

the advantage of being an easy-to-use test that does not require
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specialized expertise and provides rapid results without the
need for pretreatment of suspected samples. However, it also
has limitations. First, it has difficulty distinguishing between
different strains of the same pathogen species. Second, it has
low sensitivity. Third, colored specimens, such as blood, may
compromise the results [14]. Despite such tradeoffs, it has
been widely used in the field owing to its ease of on-site use for
first responders; however, limited recent developments have

occurred in related technologies [5,14].

4. Development of Rapid Antigen Detection Kits
for Domestic Bioterrorism Pathogens and
Toxins
Although most of these methods have high sensitivity and

specificity, except for the lateral flow rapid strip test, they are

limited for use as POCT methods owing to the need for expen-
sive equipment, complex sample preparation and interpreta-
tion, and time-consuming results [14]. On the other hand, the
lateral flow rapid strip test provides simple and prompt results
at the cost of a low limit of detection and specificity. In particu-
lar, although the lateral flow rapid strip test based on the rapid
immunochromatographic test technology used for environ-
mental testing often exhibits low sensitivity and specificity, the
improved lateral flow rapid strip test exhibits high specificity

but a low limit of detection [1].

With the aim of contributing to the strengthening of the
country’s bioterrorism response capabilities, the Korea Disease
Control and Prevention Agency (KDCA) has developed a “rap-
id antigen detection kit for powdered environmental samples”
to detect possible bioterrorism pathogens and toxins in the en-
vironment using the lateral flow rapid strip test method suit-

able for initial screening. As it has been developed exclusively
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for on-site environmental samples, it allows testing using sam-
ples collected directly from the field without pretreatment, en-
abling rapid on-site action in suspected bioterrorism situations
with results available in 10-20 minutes. The rapid antigen de-
tection kit has been evaluated as follows. It has been validated
for its suitability for the detection of pathogens in environmen-
tal samples by first, analytical sensitivity (limit of detection);
second, identification of cross-reactivity; third, reactivity to ex-
pected inhibitors; fourth, comparative evaluation with existing
test reagents; fifth, accelerated stability; and sixth, reproducibil-
ity [3].

Furthermore, additional tests were conducted by non-ex-
pert testers to ensure the adequacy of the kit’s components and
instructions. As a result of asking five non-expert testers were
asked to conduct the tests, and all of them were able to follow
the instructions and read the results without difficulty. The ease
of use for non-experts was validated by the results indicating
that anyone could easily obtain results [15,16], demonstrating
that it could be used by first responders (police officers and fire
fighters) to promptly detect pathogens on the spot.

The multiplex kit for bioterrorism pathogens and tox-
ins was developed in 2004 through joint research between
the Korea Centers for Disease Control and Prevention (now
KDCA) and the private sector as a kit for simultaneous detec-
tion of major bioterrorism pathogens and toxins [3]. The de-
velopment and application of monoclonal or polyclonal an-
tibodies superior to the raw antibodies applied to the existing
product developed in 2015 to the kit improved the sensitivity
from 10° CFU/ml up to 10 CFU/ml, and the specificity was
confirmed without non-specific reactions even at high concen-
trations of 10® CFU/ml for pathogens and 100 pg/ml for tox-

ins, enabling more effective detection of potential bioterrorism
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pathogens [15,16]. The existing multiplex detection kits were
configured to detect nine pathogens: anthrax spores, Yersinia
pestis, Francisella tularensis, Variola virus, botulinum toxin
A, ricin, Staphylococcal enterotoxin B, Brucella, and chol-
era. However, the detectable pathogens and toxins have been
slightly changed for the multiplex detection kit currently in use
by the Institutes of Health and Environment and public health
centers nationwide, to a total of nine pathogens and toxins, in-
cluding anthrax spores, Y. pestis, F. tularensis, Burkholderia
pseudomallei, Variola virus, botulinum toxins A and B, ricin,
Staphylococcal enterotoxin B, and Brucella. It has been used
for on-site testing when suspected bioterrorism is reported at
the quarantine area of Incheon Airport and has also been used
in the recent mass mailing of unknown mail. In the event of a
suspected bioterrorism situation, laboratory tests (Real-time
PCR, culture, etc.) can be conducted without delay by KDCA,
the Regional Centers for Disease Control and Prevention, and
the Institute of Health and Environment to confirm the results,
in addition to on-site rapid tests, for more accurate pathogen
identification. For these tests, annual training and proficiency
assessments are conducted on bioterrorism pathogen detection

for officials from relevant organizations.

Conclusion

There is ongoing research and development on the next
generation POCT technologies.

This review discussed the importance of rapid and effective
pathogen detection technologies in the context of bioterrorism
response. Most significantly, the development of rapid antigen
detection Kits is essential for improving initial on the spot re-

sponse capabilities and is highly valued for ensuring the ease of

www.phwr.org Vol 17, No 29, 2024

use by untrained individuals and the promptness of obtaining
results. This enables rapid response in the event of a bioterror-
ism incident, minimizing the threat to public health and con-
tributing to the containment of social disruption.

The developed rapid antigen detection kit demonstrates
high sensitivity and specificity for various pathogens, and has
been developed exclusively for environmental samples, en-
abling prompt on-site use. This suggests that it can play a vital
role in the initial response to bioterrorism through rapid iden-
tification of the causative pathogen. Furthermore, continuous
research and development will improve or replace the perfor-
mance of existing POCT Kkits for suspected bioterrorism sam-
ples, thereby contributing to the early recognition and response
to the causative pathogens and reducing human casualties and
socio-economic losses.

In conclusion, despite the low incidence of bioterrorism,
its potentially devastating impacts call for the development
and deployment of rapid and accurate detection technologies.
KDCA will continue to develop and improve next-generation
detection technologies for bioterrorism preparedness and re-
sponse, which will ultimately contribute to the consolidation
of the country’s biosecurity and its role in responding to public

health crises.
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World Hepatitis Day — Take Action

A Young Lee, Seung—Hoon Chae, Jin Seon Yang*

Division of Infectious Disease Control, Department of Infectious Disease Policy,
Korea Disease Control and Prevention Agency, Cheongju, Korea

ABSTRACT

Two and a half million new cases of viral hepatitis (types B and C) occur annually. Because it causes 3,500 deaths every day,
viral hepatitis is one of the most important infectious diseases in public health. In response, the World Health Organization
(WHO) has designated July 28 as World Hepatitis Day since 2008 and encourages the efforts of countries around the world
to combat hepatitis. The WHO and World Hepatitis Alliance present key promotional messages annually on World Hepatitis
Day to combat the infection. The campaign’s themes have included “HEP Can't Wait” (2021), I can’t wait” (2022), and “We’
re not waiting” (2023). In 2024, the theme will be “Take Action.” The Korea Centers for Disease Control and Prevention also

spreads customized content and messages through promotional campaigns using various media, such as social networking

sites, YouTube, radio, and newspapers, to mark World Hepatitis Day.

Key words: Liver diseases; Hepatitis; Public health
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According to the World Health Organization (WHO),
approximately 300 million people worldwide suffer from vi-
ral hepatitis (types B and C), with two and a half million new
cases annually and 3,500 deaths each day. Thus, viral hepatitis
is a critical public health issue. Every year on July 28, World
Hepatitis Day is officially designated by WHO to raise aware-
ness among the general public about the severity of viral hepa-
titis and to urge global efforts for its eradication [1].

World Hepatitis Day was first proposed in 2008 by the
World Hepatitis Alliance (WHA) [2], a non-profit organiza-
tion composed of patients with hepatitis, and has been official-
ly observed since 2010, on the birthday of Dr. Baruch Samuel

Blumberg, who won the 1976 Nobel Prize in Medicine for his

1262

work on hepatitis B prevention and diagnosis [3].

At the 69th World Health Assembly in 2016, WHO an-
nounced the Global Health Sector Strategies on Viral Hepatitis
2016-2021 to end major public health threats, including viral
hepatitis, by 2030. Specific targets were established to reduce
new infections by 90% and deaths by 65% from 2015 levels,
active participation from member countries was urged [4].

The World Hepatitis Summit gathered a diverse range of
participants from civil society, policymakers, the private sector,
and academia, to focus on a multi-stakeholder, multi-sector
public health approach to achieve hepatitis elimination. The
World Hepatitis Summit, held in April 2024, emphasized the

need for proactive policy changes and swift implementation to
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Key messages
(D What is known previously?

The World Health Organization has designated July 28
as World Hepatitis Day to urge global efforts for hepati-
tis elimination.

(@ What new information is presented?

On World Hepatitis Day 2024, the key promotional
message and theme for hepatitis elimination will be “Take
Action.” At the World Hepatitis Summit held in April,
the need for active policy changes and rapid implemen-
tation to accelerate the elimination of viral hepatitis was
emphasized.

® What are implications?

The Korea Disease Control and Prevention Agency plans
to conduct promotional campaigns using various media
on World Hepatitis Day.

accelerate the elimination of viral hepatitis by 2030. The focus
was increased access to testing and diagnosis, policy shifts to-
ward universal treatment, and community and citizen engage-
ment [5].

Our country has been actively implementing viral hepatitis
management policies to respond to international demands and
reduce the burden of hepatitis on the population. Since the in-

troduction of the national mandatory hepatitis B vaccination in

The perinatal infection
prevention project

1995 and the perinatal infection prevention project in 2002,
the positivity rate of hepatitis B surface antigen has significantly
improved. Since 2017, hepatitis C has been included in the list
of statutory infectious diseases under mandatory surveillance,
with the aim of continuously reducing its incidence and mor-
tality rate.

To further these efforts, the Korea Disease Control and
Prevention Agency (KDCA) established the “First Basic Plan
for Viral Hepatitis Management (2023-2027)” in March
2023, focusing on an active whole-cycle hepatitis management
system covering prevention, detection, diagnosis, and treat-
ment. The plan aims to reduce the hepatitis mortality rate by
40% by 2027 through four key strategies and 12 detailed tasks
over the next five years. This year, in particular, the focus is on
policies to fill the gaps in early detection and treatment, includ-
ing the introduction of hepatitis C in national health examina-
tions and screening and treatment linkage projects for high-
risk groups (Figure 1).

The liver is often called the “silent organ” because related
diseases are usually asymptomatic in the early stages. The same
is true for hepatitis. In the early stages of viral hepatitis, most
patients are asymptomatic, and even if hepatitis is suspected,
the symptoms are usually not severe, making testing and treat-

ment easy to overlook.

The introduction of
hepatitis C in national
health examinations

The establishment

The introduction of the

national mandatory
hepatitis B vaccination

www.phwr.org Vol 17, No 29, 2024

“First Basic Plan for Viral
Hepatitis Management”

Figure 1. KDCA hepatitis control
policy
KDCA=Korea Disease Control and Pre-

vention Agency.
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Figure 2. World Hepatitis Day 2024 campaign message
Data from World Hepatitis Day [3].

However, getting tested and treated immediately is crucial
if hepatitis is suspected, as it can become chronic if not detect-
ed and treated early, leading to serious liver diseases such as
liver cirrhosis and liver cancer.

Each year, WHO and WHA present key promotional mes-
sages for hepatitis elimination on World Hepatitis Day. In
2021, it was “HEP Can’t Wait”; in 2022, it was “T can’t wait”;
in 2023, it was “We’re not waiting”; and this year 2024, the
campaign theme is “Take Action” [3]. These core messages
consistently emphasize that for the health of oneself and one’s
family, hepatitis testing and treatment should not be delayed
and must be undertaken “right now.” The most crucial fac-
tor in overcoming viral hepatitis is recognizing its dangers and
having the willingness to be tested and treated.

The KDCA also conducts promotional campaigns using
various media to promote public awareness of hepatitis and
emphasize the importance of testing and treatment on World

Hepatitis Day. Customized promotional content and messages

1264

are spread through media commonly accessed by different
age groups, such as social networking sites, YouTube, radio,
and newspapers. Specific details regarding participation in the
World Hepatitis Day campaigns and promotional content can
be found on the World Hepatitis Day website (https://www.

worldhepatitisday.org/) (Figure 2).
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Trends in the Prevalence Gap of Seat Belt Use at Driving between
Cities or Provinces, during 2014-2023

In 2023, the age-standardized prevalence of seat belt use at driving among individuals aged =19 years was the highest in
Incheon (96.2%) and lowest in Jeju (81.9%). The prevalence gap of seat belt use at driving between the highest and lowest was
14.3%p, it was increased from 14.1%p in 2022 to 14.3%p in 2023 (Figure 1).
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Figure 1. Trends in seat belt use at driving between cities or provinces, 2014-2023
*Seat belt use at driving: defined as the percentage of individuals (aged =19 years) who always wear a seat belt when driving.

Prevalence rates in Figure 1 were age-standardized using the 2005 projected population.

Source: Korea Community Health at a Glance 2023: Korea Community Health Survey (KCHS), http://chs.kdca.go.kr/

Reported by: Division of Chronic Disease Coordination, Department of Chronic Disease Prevention and Control, Korea Disease
Control and Prevention Agency
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