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HEYESAS2 ol AAv] Ao g A5 Aot 18I A7 Al REEE #H(Clostridium botulinum)©]l
AAEL Asf Rt vhf-2 Hho] 20jA|o](mouse bioassay)= RETE F4E At A4 REHAEL
APEE G R AT A EAI9 277t S wj7hA] 71 Alko] A Q E|of Al&6kal FEgt HARH 9| A

o] Fast, B ATNAE REUE Shd] B B2 Ex HEIEEAF AALY A 44T AHL A5 BEIE 54 A
£ B AEAA ELISA 71ES ATSET. 71E 452 B8P Ao 34 AT B3] S48 W7ot} W17E, 3UE @ Sol=
AAHE SUST 1 A% 54 AGBY Ha AFWAL 42 0.153 ng/mi% 0.027 ng/ml2 FRAFYT, 1= W, A 2, AEA
Zrure A W AR FAT A, AFASE 10% o 2 AT SolE APl e S2ENE 4 FY, MBS

A
&, FALELF FEA BR)OIE HSSA T HEE 4 A% BE SojHo 2 ASTS BANYT ety B A7ERE B
LISA 71E7} & W7E 9} So|w g /e, REAAHT 441 4202 REE 540 AE3
= I, B9 REEE4S 4 B4 AA0IH BEDYE B4

N B 2l A TA] SR AP e SABAE HIHT 9o

], v AP ZANFAE (U.S. Centers for Disease Control

BEe)% F(Clostridium botulinum)e At] #7182 7 and Prevention)o] A= A= o] 71 ojaiat 7He| e A

FFG Mo 2 Bk SoflA] AR, EHsHH0Z A-G 42 EF/5HL ATH2]. FHolAE 200295 HETE
THA T7HA BAF BRI o] T 54 A, B, E9F F@ 9 =

3 17t HEEE54F(botulism)o] L, oy 417 of oftzt o] #e HEol /A wEt HETE o

ope] gl S 5teh 5 A4S S 2AAH(] HESls = ASHE0 482 + e LAAEEA = A= B4

a5e Aldw HAGIYE AL 201049, #EY
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-2 Hio] 20jAo] 4
A gold standard= W= 9 HSE7} X0 AHE
= TM-AF ARESH] el w214l £A4171 e, uhe-
&7F E40 ot §F e AMYSH] 5452 gelste
Fa 4949 A7to] 28F 08 Hop 4GS HARH Aol
Zasitt.

@ M=Z0| €A & HE=2?

HEYSE 54 A B BAMEYA ELISA 7|EE RIgE, 4
W Eo|k AAA A FHof 3|4 Eo] 9l %ﬁ:%
=0 u7te g8 A&sg, vhEA 9 gd Aol ElE|gjo
o HETE 54T Eo|3 o7 A& AL gelsiqitt

2ok ohU} wot A4S REEEL
52 35@ e BAPES A AT A4S Lol

f8S

<, 3 3 Bt 1005014 2007 ©]49] $kAt7F WAiEtaL 9l
I A BREe] 45% o] 4foflAl A9 B AZ=

1. vkl 49 20039 HE 202397H4] & 1159 &
EdEEAT TATL TSI e B9 30% ool A%
BY HETE S40 FHE AR ERIHAT5]. EEY

FEAE AR AHHOE AFGHE 1k Hlo] QojHo]

E47t

(mouse bioassay)= &= ©|&5t] 47} =43(A, B, E,

B 945t 458 4 9= #EAAM(gold standard) S

1492

£ HAastoly] 915t At Aol D a sttt ELISA (enzyme-
linked immunosorbent assay)<= ZFHH HYA| Q] chalZHat
ozt B4 Fel W B4 %L Aatel /14 U A8
= in vitro AAMY F SHUE &U-FA 2%E 7RO R of=

HAApgoldt. 11 &

ATy AT HAAEL T A= BESE 54 A
=92 ELISA 7|EE AHA| A|ZFslo] HELES
&3 AFA HAbo] ARESHLAL 5kt o] 7|E EEEE

54 A% BE 72 423 5 Ak Sol A 922 A

O 2 34 % human serum (Sigma Aldrich) A|&]
=4y (Metabiologics)E H7Foto] HAZ A&
2 HEA)E EA A T BO| (122 U CHEE B HA
1) CHE2 A MIZ
HEYE 54 A = BY tEE A A Aol New
Zealand white E7]E ©|-8519] 25 7HH 02 alkylation £+

formalin® 2 E&31E =4 A9 B (F9) 100 pge 44 &
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7] m5to] 335] W5kt 12F HY-2 complete freund's ad-
juvant@} Y, 22 WG incomplete freund's adjuvant2} &
9, 193 33 WL W BEA glo] Fv HsHH
o 33 " & E7] @A FAE 2
o] gsto] HETE 54 A B B U] tig FAE &2
Stk FAZPE EQld REYE 54 A = BY HEE
A= v "HS #A5I] Z 7]E 9 detection FA| = AR5}

k.

5191, ELISAS

HEYE 54 A EE B 349 C-terminal receptor
binding domain (HCCA £+ HCCB)2 ¢&sst= 7|4
S 77+ skt gdoto] AI#EE & pET19b Bl ol st
Z2493}4t} pET19b-HCCA %= pET19b-HCCB DNAE

. coli BL21(DE3) w50l Zt7} 94 Agt &, 4] HCCA

E
wge 2ol 9 gAsnt,

Q) RHEFLE =4 A EX B T2 E 35 A2
FE2 A AZS Yo £ ¥ FA%H FY HCCA

LE2S
£ HOCBE mH-2 wWheto] 242F 100 ugh 15 7408
¥
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o REYE 54 A TGEE A 2283 HESlE S4B
FEE A 1987 At Al2E A5t AEE AlZoA

AE HETE =4 A B B 928 Y= 4 71EY

HEHE 54 A EE B capture A= 96 well-microti-
ter plate] ZtZt 2.5 pg/ml (22B3)2} 1 ug/ml (19B7)9 &
L& st} 37CoA 1A7E 5t THAZTHILE 1A).
Al H(0.05% Tween-20°] 375 phosphate-buffered sa-
line [PBS))2.2 53] AlA & 1% bovine serum albumin®] &

2 PBSZ 1A AHAIZIL(TE 1B), Al ALz 53] A

(A (B) ©) g
Capture 4|
WA M N
BT 24t v decn BA-7ABE
OOO AsEmELHRP O
(D) (B) (F) Oo( T el s
H|2EI0| HA|E detection B asgepleiHRe o )\/ R J
" :),f o |
) 4 /i
Y/, - M’? @:ﬁ
| \% .\é @"
\— N\~

A | A4S,

J211. REFE 54 A B B AIE 94 ELISA AAM £A13H

N/ 4

(A) Capture A& EF°|E°| ZT. (B) Z2°IE At (C) FLHE F71 (D) Hl&Eo] EAE detection FA| 37} (E) 2EFEHD-HRP FH A

7} (F) 714890 9Jgt & 4-7]4 ¥h-g. HRP=horseradish peroxidase.
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%t & 1:100 human serum®l] EE8E 54 A E= BE
5 ng/mlF-8 2814 @A 345t} 100 pl¥ plate wello]
2 37CoA 1AIZE 59t FREAIZITHE 10). AEg & 4

ol

Q2H¥o] HEAH detection FAHE 100 pA plate wellof] EiL
37COA 1AIZE BHSAIZITH(ZE 1D). AlA & AEJIEH]|
H-horseradish peroxidaseE 100 pl¥ plate wellol] €11 37C
oA 3021t HFSAIXITHLE 1E). RHAI2tO2 53] A|A
T 714d-89H(3,3',5,5' ~tetramethylbenzidine) 100 pl¥ plate
wellol] E31 A-20A 5EZF WHSAIIHLE 1F). ¥4 A
|H(2N H,50)& ¥1! vhg-& GAA|7| L plate reader 714

o

g

a°
o] 4% 450 nm= AW

A
ol

HEZ%E =4 A E= B Al=9A] ELISA 7|EE 0|83}
of AFFEHo JHH =4 HAE 243 vHE A5l
4 A& A FE S5 BEEYw 54 HAFAETA

=

blank %19 5 H X} (standard

X b

(limit of detection) 32 =%
deviation, STDEV) 3 %3} blank H<H(average, AVG)ES
tato] A4S (AVG+3 X STDEV), ©] 32 Hekd} 4
A J#j o] tjQlste] 2 ELISA 7|ER HAF A] FACE

B MR B9 Ai P b SEZ AN,

HEZE 54 A BE B AHEY X ELISA 7|EE 0|85}

o] 3YUst BY 27102 7|E f 123] BHE(intra-assay), 6&

T1.HETS 54 A X B AIEYX] ELISA 7|EQ WigE
=4
MEQIX| ELISA  ZA AESHA 2t 2L HEIS =4
7|E (e S2%) &= (nhg/ml)
HEIE E4 A 0.104 0.153
HEHE 54 B 0.117 0.027

offt
[e]
N
N
N
i
i
V]

3|4 RHE(inter-assay), 29 A@A7}F 3
B MY 71E 23] HhE(intermediate-assay) A F 02 HHE
d E AAS gelskt. W5 A S (coefficient of variation)

F& BFQ2H(standard error of mean)°| EE 8w S4 Hdt

N

243re Liro] MERR BT, 71871EE 10% HTe

= o

3 E0|=
O SAEEYE 54 B, HF 54, SRS
T 454 BY) 0.5 pg/mlE 085t HESw 54 A

B AIES9]%] ELISA 71E9] B0l =2 Z4ahgir.

A&7 54 5= 2174 0.153 ng/mlet 0.027 ng/ml

HEdE 54 A B= B M= ELISAY 4 A
Al HrEA 9 AAAGE FRlsh] Yo AUE HARE &
1}
=~

Stk A9 A3 MEASRT} 10% PIwo.R At gkl

o ol

rlo

T2 RETYE 54 A BE B AR ELISA 7|1EQ AU:
273
HEIS EAATIE HEZS EABIE
s 75 EIPNETE
CESRER s EEAS s EsAS
SABE (%) SA8E (%)
(ng/ml) (ng/ml)
JIE WS 0.166 7.8 0.033 104
J|E ZHHEA 0132 7.2 0.018 1.6
AR FAEY 0.27 4.1 0.015 3.3
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SHlaL, A4 A& g2 MEA ELISA = 9]

FA7MA HEHEELTS AAL HAE AsiA A AlA
o] Bolz FAA= et E(EEFE =4 A, B, EF, 2o uhp-2 wio|QojAlo]lE EEHAME R &35kl §l
¥ 0.5 pg/mlE A & ot nhe-2 Bho] @ ojAjol s HESEHAT oF 21 95
ol sj4sto] S4% A3, FAHNET R A 74 7IE Fd] 490] RS T2 JA8E BAR 7] HEof ©f
o 7 =2(A Ex BE AlYstE e 54 FSHA ¥ E AR A% od Aol dFEo] 2o AR
o= SAUSIAUTHER 3). o] 23 MEA] ELISA 7|E= EE HolA«= vheL Hio|ojAo|9 3] HEE 54 A, B, E

_E-_L

L
o
iy
P
o
J>~
=]
i
)
=N
o
iy
b
o]

g 54 A B BE S0l3oE HESHL, e 549 i 193 FRO] fAAE 27 A& 5= real-time polymerase
AES SHA] ehethe S € 5 AT chain reaction HAMHE 35t o oot ded A
2 AdFolM s BHERlE 54 A% BE WAL S04 =5kl Stk o] HAMH S HEdw=4as A AAd

4
4 B A=A ELISA 71EQ] ¢ 15 pg/ml O[St E = B2 FAP &, SHR-5H I AP (lateral flow immunoas-
AEo] 7Fss AS FRIstont. o]= uh-A Hio] Qoj A say)> Wela2utE i u Aol shtE A gE gojx g
o] A PN HEE 4= U&= = 20 pg/mlETH F2 5 TU-FA AAehgel g3t " E}XA 7 mAHE el 25|
TO =, FF uheA Hio| ojAo] 9] TS Heksta tiA g HEF QS o]5ste] 15+ ojujo] HEE gl 4= 9l
& U= AR o ® A-8o] 7hssithal YZhE &35 HAPHoIth &A= 5-50 ng/mlE LA ATHTL
o= HERE 54 A E= B A=A ELISA 7|E

Al

Qs

rr

B3 e 540.5 pg/mDE o188 HEHw 54 A B BAMESA ELISA 7]|E9] Bolk &4
7IE =E Yo SEc+HEMAL 2 =2 ¥ &x

HEEE 54 A =YX ELISA BEEYE 54 A 1.421£0.309 + Metabiologics
BEEYE 54 B 0.214£0.002 - Metabiologics
HEYwE 54 E 0.147+0.022 - Metabiologics
e =4 0.118+0.016 - Sigma Aldrich
AR = 0.130+0.007 - Sigma Aldrich
=4 B
At 2id 0.143+0.062 - Sigma Aldrich

HEZE 54 B M=YA] ELISA BEEYw 54 B 2.912+0.062 + Metabiologics
EEYE 54 A 0.179+0.014 - Metabiologics
BREYE E4E 0.060+0.003 - Metabiologics
e 54 0.060+0.001 - Sigma Aldrich
S 3 bt 0.060£0.000 - Sigma Aldrich
dE4B
At Eid 0.122£0.012 - Sigma Aldrich
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AAA Al dHof H7HE B4 A% BE AET 4 Y=
HATA 22 0.3 ng/ml °|5t= ERIsHH. 5] HET=E
4 B AHERJA] ELISA 7]1E AARIA = 54 BES 15 pg/ml
7] JEE 4 AL, o] A¥f= vhe-A Hio] QofAo] HA

OE=EE T ML,
HED H 52 U73EQ20 pg/ml)% Bt E3 o] £ 7E

4 A T B9 E0]2]Ql 4(22B3, 19B7)= EJE &=
e, et ofy et BAE F3HA 7= FA A BAR
Ao AFEE S 9loH, AR vpeA AFoA £ 53
5 gelgh HF vk, whebA & Aol HEE REE
MELJA] ELISA 7|E= Aol X4 49 ool A2 1t
9-2 o] QojAjo] Ul o HiFHAIH O & HYolo] HE
EEAS S Ju 2 Al B AAIE o]85f X 1Y o]
Holl 543 2 5482 FRI% 4= 9low g3 FAtolA

43 Az FFE ANGto] AAT ARAE A48T F}

b
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Development of a Laboratory Test for Botulism Using Sandwich
ELISA

Eun-Sun Choi', So-Hyeon Kim', Jun-Ho Jeon?, Hwajung Yi', Yoon-Seok Chung'*

'Division of High—Risk Pathogens, Bureau of Infections Disease Diagnosis Control, Korea Disease Control and Prevention Agency, Cheongju,
Korea, *Division of Analysis of Diagnosis, Chungcheong Regional Center for Disease Control and Prevention, Korea Disease Control and
Prevention Agency, Cheongju, Korea

ABSTRACT

Botulism is a flaccid neuroparalytic disease caused by a potent toxin produced by the spore-producing Gram-positive
anaerobic bacterium, Clostridium botulinum. Mouse bioassays are a common standard assay for confirmation of botulism,
but the assay is causing ethical concerns due to the use of mice and too slow for diagnosis. Therefore, fast and more reliable
new detection methods are necessary. This study introduces sandwich ELISA Kkits for rapid detection of botulinum toxin A or
B during bioterrorism or outbreaks. To verify the kits, sensitivity, precision, and specificity tests were conducted using human
serum spiked with the toxins. The results showed limit of detections of 0.153 ng/ml and 0.027 ng/ml for toxins A and B,
respectively, demonstrating strong repeatability and reproducibility within and between kits and experimenters (coefficient of
variation: 10%). Specificity experiments confirmed accurate detection of only A and B toxins, without reacting to other toxins.
The study establishes that the botulinum toxin A or B sandwich ELISA Kkits possess high sensitivity and specificity, effectively
detecting toxin of levels comparable to the standard assay. These results suggest that the ELISA would serve as an effective test
to detect botulinum toxin in the clinical specimens from the suspected patients. These findings suggest their potential in swift

responses to biological terrorism and outbreaks.

Key words: Botulism; Botulinum toxin; Sandwich ELISA; Mouse bioassay
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Introduction

Clostridium botulinum is a Gram-positive anaerobic bac-
terium found in soil and water. Serologically, it produces
seven toxins from type A to type G, among which types A, B,
E, and F cause botulism in humans, accompanied by severe
symptoms, including flaccid paralysis and labored breathing

[1]. Botulinum toxins are reported as the most potent toxic

www.phwr.org Vol 16, No 44, 2023

substances on earth, and the U.S. Centers for Disease Control
and Prevention classifies them as Category A, substances with
the highest risk in bioterrorism [2]. Botulism was designated
as a Group 4 legal communicable disease in 2002 by the South
Korean government, and in 2010, following the revision of the
Act on Prevention and Management of Infectious Diseases, C.
botulinum was designated as a high-risk pathogen that can be

abused in bioterrorism. As a result, pathogen control, as well
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Key messages
(D What is known previously?

Mouse bioassay tests for diagnosing botulism are sensi-
tive, but result of the assay can take at least 4 days, and
the development of faster tests is necessary.

(@ What new information is presented?

Botulinum Toxin A or B Sandwich ELISA kits were test-
ed for sensitivity, precision, and specificity to detect tox-
ins diluted in human serum. They exhibited high sensi-
tivity, repeatability, and reproducibility, and they specifi-
cally detected botulinum toxin only.

® What are implications?

The Agency for Disease Control needs to continue its ef-
forts in developing a sensitive and rapid botulinum toxin
test, beyond just a sandwich ELISA.

as surveillance and laboratory diagnosis of botulism, have been
substantially reinforced [3]. The global incidence of botulism
has been rare, but consistent, each year. In the U.S,, there are
over 100-200 cases reported annually, with botulinum toxins
A and B detected in over 45% of patients [4]. In the Republic of
Korea, 11 botulism patients were reported between 2003 and
2023, and over 30% of patients were affected by botulinum
toxin A or B [5]. The gold standard method of laboratory diag-
nosis of botulism is the mouse bioassay, which can sensitively
detect four toxin types (A, B, E, and F) through animal experi-
ments. It is an extremely sensitive test, enabling the detection
of 20 pg/ml of toxins [6]. However, as the test requires a mini-
mum of 4 days, there is a need for a more rapid laboratory test
to diagnose botulism in suspected patients in the early stage of
toxin exposure, thereby minimizing further damage. Enzyme-
linked immunosorbent assay (ELISA) is one of the most widely

used in vitro tests to identify the type and quantify the amount

1498

of toxins, in addition to the proteins, of infectious pathogens.
The basic principle of ELISA is antigen-antibody binding, and
among the different types, the sandwich ELISA technique is a
sensitive method utilized in the detection of botulinum toxins
via specific capture and detection antibodies. This study devel-
oped sandwich ELISA Kkits for rapid and sensitive detection of
botulinum toxins A and B. The utility of the kits has been veri-
fied using actual samples to ensure its future use as an adjunct

to the gold standard test.

Methods

1. Overview

The Division of High-Risk Pathogens of the Korea Disease
Control and Prevention Agency (KDCA) has developed sand-
wich ELISA Kkits to detect botulinum toxins A and B for use
in laboratory tests on botulism. Each kit was fabricated using
a specific antibody to detect botulinum toxin A or B, and for
this, the respective monoclonal and polyclonal antibodies were
prepared. To increase the sensitivity of toxin detection, the
polyclonal antibodies were marked with biotin for the method
involving biotin-streptavidin interactions. In the sensitivity,
precision and specificity tests to validate the novel sandwich
ELISA kits, human serum samples at 1:100 dilution (Sigma
Aldrich) after spiking with a botulinum toxin (Metabiologics)

were used.

2. Preparation of Polyclonal and Monoclonal

Antibodies for Botulinum Toxins A and B

1) Polyclonal antibody preparation

To prepare polyclonal antibodies for botulinum toxins A

www.phwr.org Vol 16, No 44, 2023
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and B, New Zealand White rabbits were subcutaneously im-
munized three times with 100 pg of inactivated toxin A or B
(antigen) with alkylation or formalin in two-week intervals.
The first immunization applied complete Freund’s adjuvant
and the antigen, the second immunization applied incomplete
Freund’s adjuvant and the antigen, and the third immuniza-
tion applied no adjuvant and only the antigen. After the third
immunization, antibodies were isolated from the rabbit serum,
and using the ELISA, the antibody titers for botulinum tox-
ins A or B antigen were determined. With known antibody ti-
ters, polyclonal antibodies for botulinum toxins A and B were

marked with biotin for use as the detection antibody in each

kit.

2) Monoclonal antibody preparation

(1) Preparation of botulinum toxin subunit A or B
antigen
The base sequence coding the C-terminal receptor binding
domain of the heavy chain of botulinum toxin A or B (HCCA
or HCCB) was chemically synthesized and cloned into a
pET19b vector. The pET19b-HCCA or pET19b-HCCB DNA
after the transformation in an E. coli BL21 (DE3) host was

used to isolate and purify the bacterial HCCA proteins.

(2) Preparation of botulinum toxin A or B
monoclonal antibody
The antigen (100 pg) of HCCA or HCCB isolated and pu-
rified for preparing monoclonal antibodies was injected weekly
into the sole of mice for 3 or 4 weeks. At the end of immuniza-
tion, mice showing high ELISA titers in their serum were se-

lected, and their lymphocytes were isolated from lymph nodes

www.phwr.org Vol 16, No 44, 2023

for fusion with sp2/0 myeloma cells. The fused cells were
screened using a selective medium, and cells producing the
monoclonal antibody 22B3 for botulinum toxin A and mono-
clonal antibody 19B7 for botulinum toxin B, with high absor-
bance on the ELISA, were selected. The monoclonal antibodies
for botulinum toxins A and B as produced by the selected cells

were used as the capture antibody in the respective ELISA kit.

3. Sandwich ELISA Test of Botulinum Toxin A or B

The capture antibody for botulinum toxin A or B was fixed
in wells of a 96 well-microtiter plate after coating to the con-
centration of 2.5 ug/ml (22B3) or 1 ug/ml (19B7), respec-
tively, for 1 hour (Figure 1A). The plate was washed five times
with a washing solution (phosphate-buffered saline [PBS] con-
taining 0.05% Tween-20) and after 1 hour blocking with PBS
containing 1% bovine serum albumin (Figure 1B), the plate
was washed another five times with a washing solution. The
botulinum toxin A or B was then serially diluted two fold in
1:100 human serum, and 100 pl was placed in each well for
1 hour reaction at 37°C (Figure 1C). After washing, 100 pl of
the biotin-tagged detection antibody was added in each well for
1 hour reaction at 37°C (Figure 1D). After washing, 100 pl of
the streptavidin-horseradish peroxidase complex was added to
each well for 30 minutes reaction at 37°C (Figure 1E). Lastly,
after further washing five times, 100 pl of the substrate solu-
tion (3,3',5,5'"-tetramethylbenzidine) was added to each well
for 5 minutes reaction at room temperature (Figure 1F). A
stop solution (2N H,SO,) was added to stop the reaction, after
which a plate reader was used to measure absorbance at 450

nm.
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Figure 1. Schematization of the botulinum toxin A or B sandwitch ELISA test
(A) Coating the plate with capture antibody. (B) Blocking the plate. (C) Add antigen sample. (D) Add the biotinylated detection antibody.
(E) Add streptavidin-HRP conjugate. (F) Enzyme-substrate reaction by substrate solution. HRP=horseradish peroxidase; TMB=3,3',5,5'-

tetramethylbenzidine.

4. Method of Analysis

1) Sensitivity

The minimum limit of detection (LOD) of the sandwich
ELISA kits for botulinum toxins A and B was measured by re-
peating tests on the toxin samples diluted in human serum 24
times. The minimum LOD of the kits for the toxins was calcu-
lated by adding the average (AVG) of the measured blank val-
ues and the standard deviation (STDEV) multiplied by three
(AVG+[3xSTDEV]), the product of which was applied to the
calibration curve to estimate the minimum concentration of
detectable toxin (MOD) that can be determined as positive in a

test using the novel ELISA kit.

2) Precision
The repeatability and reproducibility of the sandwich
ELISA kits for botulinum toxins A and B were determined by

repeating tests for each kit 12 times (intra-assay), repeating

1500

tests for each kit twice across 6 days (inter-assay) and involv-
ing two raters; each test was repeated twice each day for 3 days
(intermediate-assay). The coefficient of variation (CV) was
obtained by dividing the AVG measured for each botulinum
toxin by the standard error of mean, then converting the result

into percentage. The permissible limit was set at <10%.

3) Specificity
The specificity of the sandwich ELISA kit for botulinum
toxins A and B was determined using 0.5 pg/ml of a vari-
ety of toxins (botulinum toxin type E, tetanus toxin, and

Staphylococcus aureus toxin type B).

Results

The sensitivity test on the sandwich ELISA kits for botuli-
num toxins A and B revealed that the minimum LOD (mean

absorbance) for toxins A and B after spiking in human serum
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was 0.104 and 0.117, respectively, and the MOD were deter-
mined to be 0.153 ng/ml and 0.027 ng/ml, respectively (Table
1). In particular, the botulinum toxin B sandwich ELISA kit
showed excellent sensitivity and detected toxins at very low
concentrations in the pg/ml range.

To verify the repeatability and reproducibility of the sand-
wich ELISA kits for botulinum toxins A and B based on the
MOD a precision test was performed. The results demonstrat-
ed <10% CV, indicating low STDEV, while the MOD con-
firmed acceptable levels of intra-assay, inter-assay, and inter-
rater repeatability and reproducibility of the sandwich ELISA
kits (Table 2). In the specificity test on the sandwich ELISA kits
for botulinum toxins A and B, 0.5 pg/ml of various additional
toxins (botulinum toxin types A, B, and E, tetanus toxin, and
S. aureus toxin type B) were each diluted in human serum, and
with the exception of the respective toxin (A or B) of each kit
used as the positive control, no other toxin was detected (Table
3). This suggested that the sandwich ELISA Kkits specifically de-
tect botulinum toxins A and B, without cross-reacting to other
toxins.

This study developed sandwich ELISA kits that are sensitive
to, and can specifically detect, botulinum toxins A and B. The
MOD was <0.3 ng/ml even though toxins diluted in human
serum were used in the tests. Specifically, the botulinum toxin

B Sandwich ELISA Kit could detect toxins at concentrations as

Table 1. Analytical sensitivity of the botulinum toxin A or
B sandwich ELISA Kkits

. . LOD (AVG of
Sandwich ELISA kit mean OD) MOD (ng/ml)
Botulinum toxin A 0.104 0.153
Botulinum toxin B 0.117 0.027

LOD=limit of detection; AVG=average; OD=optical density;

MOD=the minimum concentration of detectable toxin.

low as 15 pg/ml, a level that falls below the 20 pg/ml criteria in
mouse bioassay. The novel kit is thus predicted to be useful as
an adjunct to complement the drawbacks of mouse bioassay or

as an alternative assay in the future.

Discussion

Mouse bioassays have been used as the global gold stan-
dard in the laboratory diagnosis of botulism. However, due to
the fact that mouse bioassays require a maximum of 4 days for
the confirmation of botulism and necessitate the sacrifice of
mice, alternative assays have been explored. The KDCA has es-
tablished a testing method with higher accuracy by combining
a mouse bioassay with real-time PCR that detects each gene of
botulinum toxin types A, B, E, and F. In this method, bacteria
are isolated from samples collected from suspected botulism
patients to extract target genes, after which the botulinum tox-
in type is identified. For an accurate diagnosis, the culture of
bacteria takes a minimum of approximately 10 days. Among
the fastest methods of diagnosing botulism, lateral flow immu-
noassay is an immunochromatography method where a drop
of sample results in an immune complex through an antigen-

antibody binding reaction, and the transfer of the complex

Table 2. Precision of the botulinum toxin A or B sandwich
ELISA kits

Botulinum toxin  Botulinum toxin

N A kit B kit
Precision test MOD MOD
% %
(ng/ml) CV (%) (ng/ml) CV (%)
Intra-assay 0.166 7.8 0.033 104
Inter-assay 0.132 7.2 0.018 1.6

Intermediate-assay ~ 0.27 4.1 0.015 33

MOD=the minimum concentration of detectable toxin: CV=

coefficient of variation.

www.phwr.org Vol 16, No 44, 2023
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Table 3. Specificity of the botulinum toxin A or B sandwich ELISA kits using various toxins (0.5 pg/ml)
Kits Toxins AvggfignDean Results Source or reference
Botulinum toxin A sandwich ELISA Botulinum toxin A 1.421£0.309 + Metabiologics
Botulinum toxin B 0.214£0.002 - Metabiologics
Botulinum toxin E 0.147+0.022 - Metabiologics
Tetanus 0.118+0.016 - Sigma Aldrich
SEB 0.130£0.007 - Sigma Aldrich
Human serum 0.143£0.062 - Sigma Aldrich
Botulinum toxin B sandwich ELISA Botulinum toxin B 2.912+0.062 + Metabiologics
Botulinum toxin A 0.179£0.014 - Metabiologics
Botulinum toxin E 0.060£0.003 - Metabiologics
Tetanus 0.060+0.001 - Sigma Aldrich
SEB 0.060£0.000 - Sigma Aldrich
Human serum 0.122+0.012 - Sigma Aldrich
OD-=optical density; SD=standard deviation; SEB=Staphylococcus aureus enterotoxin B.

across the membrane via capillary action leads to a band form-
ing within 15 minutes. The reported LOD is 5-50 ng/ml [7].
The sandwich ELISA kits for botulinum toxins A and B in this
study demonstrated a MOD <0.3 ng/ml for detection of toxins
A and B after spiking in human serum. The sandwich ELISA
kit for botulinum toxin B, in particular, detected 15 pg/ml of
toxin B, indicating a higher sensitivity compared to mouse bio-
assay (20 pg/ml). The two kits also exhibited a high specificity
to detect botulinum toxins A and B only, without a cross-reac-
tion to other toxins, including botulinum toxin type E, tetanus
toxin, and S. aureus toxin type B.

Follow-up studies will be conducted to enhance and vali-
date the MOD by increasing the sensitivity of the sandwich
ELISA kit for botulinum toxin A. Patent applications have
been made for the specific antibodies (22B3 and 19B7) of bot-
ulinum toxins A and B in the respective kits, while they have
been shown to ensure high levels of neutralization in mouse
assays. Their potential use in research as an antibody-based
neutralizing agent for toxins, in addition to diagnosis, has also

been verified. Thus, the botulinum toxin sandwich ELISA kits

1502

developed in this study will enable rapid determination of both
toxin type and the quantity for a botulism patient within a day
at maximum, using serum samples. This will resolve the time
limitations of mouse bioassays and bacterial culture methods
that demand a minimum of 4 days. The novel kits will enable
a therapeutic direction to be determined rapidly for critical pa-
tients, providing empirical evidence for the use of a suitable

therapeutic agent.
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The Suspected Coronavirus Disease 2019 Reinfection Cases and
Vaccine Effectiveness, The Republic of Korea

Ji Ae Shim, Eunkyung Park, Ryu Kyung Kim, Kil Hun Lee, Myeong Rok Shin, Donghyok Kwon*

Division of Epidemiological Investigation Analysis, Bureau of Public Health Emergency Preparedness, Korea Disease Control and Prevention
Agency, Cheongju, Korea

ABSTRACT

As the coronavirus disease 2019 pandemic continues, the suspected reinfection cases are increasing due to the decrease in
immune antibodies and immune avoidance reactions to new variants. We analyzed the characteristics of suspected reinfection
cases identified by the surveillance system from January 20, 2020 to July 22, 2023. Moreover, we assessed the vaccination
history to evaluate vaccine effectiveness. Among the suspected reinfection cases (7.8%), second infected cases were 98.5%,
third infected cases were 1.4%, and more than fourth infected cases were 0.02%. Secondary infections almost were in the
Omicron waves, especially with members of long-term care facilities during the Omicron variant period (5.9%) higher than the
pre-Omicron period (1.6%). The fatality rate of the second infected cases (0.06%) was lower than the fatality rate of the one-
time infected cases (0.12%). The critical infection rate of second infected cases aged 60 or older was 0.54% and the fatality
rate was 0.29%. Among second infected cases aged 60 or over, the vaccine effectiveness against critical infection compared
to unvaccinated was 68.4% for monovalent vaccine, 77.1% for bivalent vaccine, and the vaccine effectiveness against death
compared to unvaccinated was 69.7% for the monovalent vaccine, 81.2% for the bivalent vaccine. Therefore, even in the
suspected reinfection cases with the history of previous infection, it is necessary to recommend regular vaccinations to prevent

severity and death for the elderly group with a high fatality rate.

Key words: COVID-19; Reinfection; Vaccine effectiveness
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Introduction in Hong Kong in August 2020 [3,4], and a suspected reinfec-

tion case was reported in the ROK in April of the same year

By August 2023, the cumulative number of confirmed
cases of coronavirus disease 2019 (COVID-19) worldwide ex-
ceeded 760 million [1], and >33 million cumulative confirmed
cases were reported in the Republic of Korea (ROK) [2]. With

the ongoing pandemic, the first reinfection case was reported

1512

[5]. The immune response after SARS-CoV-2 (severe acute
respiratory syndrome coronavirus 2) infection is estimated
to last at least 90 days, reducing the risk of reinfection [6-8].
However, the number of reinfection cases has been on the rise

due to an increase in the cumulative number of COVID-19
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Key messages
(D What is known previously?

Recently, the suspected COVID-19 reinfection cases are
increasing, but the fatality rate of the suspected reinfec-
tion cases were lower than primary cases.

(@ What new information is presented?

The suspected reinfection cases were high among those
aged 0-17 and 75 or older, and as the number of infec-
tions increased, the proportion of those aged 60 or older
increased. The vaccine effectiveness of critical infection
and death (=60 yr) was higher in the order of the biva-
lent and the monovalent vaccine than unvaccinated.

® What are implications?

It is necessary to recommend additional vaccinations to
prevent critical infections and deaths for those aged 60
or older who are suspected reinfection cases.

cases, a decrease in immune antibodies developed after infec-
tion or vaccination, and the emergence of the SARS-CoV-2
variants exhibiting an immune evasion [3,9,10]. By the end of
July 2023, the cumulative percentage of suspected reinfection
cases in the ROK was 7.8% of all infected cases [11], which is
similar to the figures reported in the United Kingdom (7.5%)
and Denmark (6.8%) [12,13]. Most countries do not distin-
guish suspected cases of reinfection from the number of infec-
tions; however, France has reported an estimated number of
reinfection cases by the cumulative number of infections, with
99.1% infected twice, 0.9% 3 times, <0.1% 4 times, and <0.1%
for 5 to 7 times [14]. In the ROK, suspected reinfection with
seventh episodes has been reported; as such, research on the
reinfected cases is needed to understand the characteristics of
infectious diseases and implement more effective reinfection

control measures.

www.phwr.org Vol 16, No 44, 2023

The risk for reinfection is known to be influenced by age,
vaccination history, and type of viral mutation [2,9,15]. Many
studies have reported that a history of infection with SARS-
CoV-2 lowers the risk for critical infection, as well as the risk
for death [4,16,17]. In addition, research results have suggest-
ed that vaccination is still required to prevent critical infection
even after reinfection [18].

Most previous studies related to the vaccine effectiveness
have analyzed age, the status of vaccination, and the timing of
the outbreak of specific variants without considering the previ-
ous infections [16]. This study aimed to determine the status
of patients with COVID-19 who reported between January
20 and July 22, 2023, to analyze mortality according to the
cumulative number of reinfections and the effect of prevent-
ing critical infection and death depending on the history of

vaccination.

Methods

1. Study Population and Methods

This study is a retrospective cohort study via Korean
COVID-19 Vaccine Effectiveness (K-COVE) dataset used that
information from confirmed cases registered in the COVID-19
Information Management System matching with the vaccina-
tion system. K-COVE study was including number of infec-
tions, sex, age, residential region, history of vaccination, critical
infection, and history of death. Study population were selected
from among the 30,304,282 confirmed cases registered in the
system from January 20 to July 22, 2023. After excluding data
from 37,834 cases with errors in age, sex, and vaccination his-
tory, 30,266,448 cases were included.

For the status of the cumulative number of infections for
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suspected cases of reinfection, frequency was analyzed accord-
ing to sex, age, report area, health status, and history of vacci-
nation. Subjects were grouped into vaccinated and unvaccinat-
ed groups. The unvaccinated group included non-vaccinated
and those who received the first vaccination, while the vacci-
nated group included those who had received the monovalent
vaccine (2nd to 4th) and bivalent vaccine. To evaluate vaccine
effectiveness, critical infection and fatality rates according to
vaccination status (monovalent vaccine, bivalent vaccine) com-
pared with the unvaccinated group were calculated as relative
risk, and vaccine effectiveness were expressed as (1-relative

risk)x100.

2. Case Definition

Suspected reinfection was defined as a positive result from
a diagnostic polymerase chain reaction test, rapid antigen test
(professional use), or emergency screening test, re-detected 90
days after of the date of confirmation regardless of the presence
of symptoms, or between 45 to 89 days after the date of con-
firmation with symptoms, along with exposure to a confirmed
case and/or history of traveling overseas.

The effect of vaccination was analyzed for cases involving
severe disease, including those leading to critical conditions
or death, obtained from the results of 28-day surveillance fol-
lowing confirmation of SARS-CoV-2 infection. According to
symptoms within 28 days of COVID-19 diagnosis, cases were
categorized as critical if non-invasive ventilation or high-flow
oxygen therapy, invasive ventilation, multi-organ failure, ex-
tracorporeal membrane oxygenation, or continuous renal re-
placement therapy were used, and as death if the patient died

[19].

1514

Results

1. Status of Suspected SARS-CoV-2

Reinfection(s)

Among the 30,266,448 cases analyzed, 7.8% (n=2,357,002)
were suspected to be reinfection, 98.5% (n=2,322,699) of which
were second reinfection; this was followed by those infected
3 times (1.4% [n=33,826], and >4 times (0.02% [n=477]).
Among all confirmed cases, 6.9% of suspected cases of rein-
fection occurred in males and 8.5% in females, with females
exhibiting a higher percentage than males. The proportion of
suspected reinfection cases according to age group was highest
for those O to 17 years of age (10.9%), followed by those >75
(7.9%), 18 to 59 (7.2%), and 60 to 74 (6.5%) years of age.

When characteristics were analyzed according to the cu-
mulative number of reinfections, females exhibited a higher
percentage (8.5%) compared with males (6.9%). The increase
in the cumulative number of reinfections was associated with
an increase in age, with the percentage of suspected reinfection
for those =60 years of age 19.7% for second infection, 28.6%
for third infection, and 31.9% for >4 infections. The increased
number of reinfections also appeared to be correlated with a
higher proportion of subjects residing in long-term care facili-
ties, as the percentage of subjects at a long-term care facilities
was 18.7%, 16.8%, and 5.9% for those infected >4, 3, and 2
times, respectively. The history of vaccination at the time of in-
fection was in the order of monovalent vaccine, unvaccinated,
and bivalent vaccine groups, from highest to lowest regardless

of the number of infections (Table 1).
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Table 1. Characteristics of SARS-CoV-2 confirmed cases by the number of infection (2020.1.20.-2023.7.22.)

Suspected reinfection case

Characteristic Total Primary case _ _ _ _ >4th
Subtotal 2nd infection  3rd infection infection

Total 30,266,448 27,909,446 (92.2) 2357002 (7.8) 2,322,699 (100.0) 33,826(100.0) 477 (100.0)
Sex

Male 14,053,203 13,079,242 (93.1) 973,961 (6.9) 961,419414) 12,326 (36.4) 216 (45.3)

Female 16,213,245 14,830,204 (91.5) 1383,04185  1361,280(58.6) 21,500 (63.6) 261 (54.7)
Age group (yr)

0-17 5.380,288 4,797.839 (89.1)  588449(109)  582343(25.1) 5992(177) 114 (23.9)

18-59 18,131,283 16,830,863 (92.8) 1300420(72)  1,282,032(55.2) 18,177 (53.7) 211 (44.2)

60-74 4,686,825 4,381,243 (93.5)  305582(6.5) 299927129  5571(165) 84 (17.6)

=75 2,062,052 1,899,501 (92.1) 162,551 (79) 158397 6.8 4,086 (12.1) 68 (14.3)
Reported region”

(n=30,254,761)

Metropolitan area 15,783,743 14,525,029 (92.0) 1,258714(8.0)  1,240942(535) 17,538 (519) 234 (49.1)

Non-metropolitan area 14,471,018 13,373,947 (92.4) 1,097,071 (7.6) 1,080,576 (465) 16,252 (48.1) 243 (50.9)
Health status

Immunocompromised 728,754 681,923 (93.6) 46,831 (64) 46,070 2.0) 744 (2.2) 17 (3.6)

LTCF members 669,628 526,085 (78.6) 143,543 (214) 13777969  5675(16.8) 89 (18.7)

General population 28,868,066 26,701,438 (92.5) 2,166,628(75)  2,138,850(92.1) 27407 81.0) 371 (77.8)
Vaccination status”

Unvaccinated 5,834,662 5,213,420 (89.4)  621,242(10.6) 615260265 5870(174) 112 (23.5)

Monovalent (24 doses) 23,845,771 22,264,436 (93.4) 1,581,3356.6)  1553,963 (669 27,011 (799) 361 (75.7)

Bivalent 586,015 431,590 (73.6) 154,425 (26.4) 153,476 (6.6) 945 (2.8) 4(0.8)

Unit: number (%). LTCF=long term care facility: SARS-CoV-2=severe acute respiratory syndrome coronavirus 2. “Reported region included

domestic area, excluding 11,687 overseas imported COVID-19 cases. "Vaccination status is the COVID-19 vaccination series at the time of

COVID-19 infection.
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Figure 1. Weekly trends of the suspected COVID-19 reinfection cases
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2. Status of Suspected SARS-CoV-2
Reinfection(s) (Second Infection) according to
Mutation Period
During the outbreak of the SARS-CoV-2 Omicron variant,

there were 2,322,248 (99.98%) cases of second suspected re-

infection (Figure 1). Before the Omicron outbreak, the majori-
ty of the second reinfection cases occurred in males, accounting
for 55.6% of all cases; however, during the Omicron outbreak,
females accounted for 58.6% of second reinfection cases. Both
before and during the Omicron outbreak, the percentage of
second reinfection cases was the highest among those 18 to

59 years of age. The proportion of subjects who experienced

second reinfection and resided in long-term care facilities was

5.9% during and 1.6% before the Omicron outbreak. The

period before the Omicron outbreak predated the availability
of the bivalent vaccine and the percentage of the unvaccinated
group was 71.1% and the monovalent vaccine group 28.9%.
During the Omicron variant, the vaccination status of sus-
pected reinfection cases were 66.9% in the monovalent group,
26.5% in the unvaccinated group, and 6.6% in the bivalent

group (Table 2).

3. Vaccine Effectiveness of COVID-19
Vaccination Series against Critical Infection and
Death among Reinfected (Second Infection)
Cases Aged 60 Years and Older
Among individuals =60 years of age who were reinfect-

ed twice, 0.54% progressed to critical infection, with 1.61%,

Table 2. Characteristics of suspected cases with SARS-CoV-2 reinfection (second infection) in the pre-Omicron and Omicron
waves
Period of 2nd infection
Characteristic Total Pre-Omicron Omicron
(2020.1.-2021.12.) (2022.1.1.-2023.7.22.)
Total 2,322,698 (100.0) 450 (0.02) 2,322,248 (99.98)
Sex
Male 961,418 (41.4) 250 (55.6) 961,168 (41.4)
Female 1,361,280 (58.6) 200 (44.4) 1,361,080 (58.6)
Age group (yr)
0-17 582,343 (25.1) 84 (18.7) 582,259 (25.1)
18-59 1,282,031 (55.2) 290 (64.4) 1,281,741 (55.2)
60-74 299,926 (12.9) 57 (12.7) 299,869 (12.9)
=75 158,398 (6.8) 19 (4.2) 158,379 (6.8)
Health status
Immunocompromised 46,070 (2.0) 6(1.3) 46,064 (2.0)
LTCF members 137,780 (5.9) 7 (1.6) 137,773 (5.9)
General population 2,138,848 (92.1) 437 (97.1) 2,138,411 (92.1)
Vaccination status”
Unvaccinated 615,260 (26.5) 320 (71.1) 614,940 (26.5)
Monovalent (2—4 doses) 1,553,963 (66.9) 130 (28.9) 1,553,833 (66.9)
Bivalent 153,475 (6.6) - 153,475 (6.6)
SARS-CoV-2=severe acute respiratory syndrome coronavirus 2; LTCF=long term care facility; “Vaccination status is the COVID-19 vaccination
series at the time of COVID-19 infection.
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0.51%, and 0.37% in the nonvaccinated, monovalent vaccine,
and bivalent vaccine groups, respectively. Across all vaccine
groups, the highest proportion of those with critical infection
occurred among those 275 of age, particularly in the non-
vaccinated group (2.45%). Compared with the unvaccinated
group, the risk for progressing to critical infection among those
who were reinfected twice was 0.23 times (95% confidence
interval [CI], 0.20-0.26) lower in the bivalent vaccine group,
and 0.32 times (95% CI, 0.29-0.35) lower in the monovalent
group (Table 3). Compared with the unvaccinated group, the
vaccine effectiveness against critical infection was 68.4% in the
monovalent vaccine and 77.1% in the bivalent vaccine groups
(Figure 2).

The fatality rate of individuals =60 of age who were re-
infected twice was 0.29%, and 0.92%, 0.28%, and 0.17% in
the unvaccinated, monovalent vaccine, and bivalent vaccine
groups, respectively. The fatality rate was the highest for those

275 of age across all vaccine groups, with particularly high

fatality in the unvaccinated group (1.57%). Compared with the
unvaccinated group, the risk for fatality among those who were
reinfected twice was 0.19 times (95% CI, 0.16-0.23) lower in
the bivalent vaccine group and 0.30 times (95% CI, 0.26-0.35)
lower in the monovalent group (Table 4). Compared with the
unvaccinated group, the vaccine effectiveness against death was
69.7% in the monovalent vaccine and 81.2% in the bivalent

vaccine groups (Figure 2).

Discussion

Before the emergence of the SARS-CoV-2 Omicron vari-
ant, the risk for reinfection was assessed to be low and there
were not many studies investigating suspected cases of rein-
fection. However, since the Omicron outbreak, the number of
reinfection cases surged as new variants continued to emerge.
The percentage of suspected cases of reinfection among do-

mestic weekly confirmed cases reached approximately 45%

Table 3. Vaccine effectiveness of COVID-19 vaccination series against critical infection among reinfected (second infection)
cases aged 60 years and older
Variable 2nd |r2:)act|on Critical E:;‘ec’[lona Critical |n(1:)Z§:t|on rate RR (95% Cl) VE (%)

Total 458,324 2,484 0.54 - -
Unvaccinated

Subtotal 27,067 436 1.61 Reference

60-74 yr 14,813 136 0.92

=75 yr 12,254 300 2.45
Monovalent (2—4 doses)

Subtotal 325,456 1,657 0.51 0.32 (0.29-0.35) 68.4

60-74 yr 226,211 455 0.20

=75 yr 99,245 1,202 1.21
Bivalent

Subtotal 105,801 391 0.37 0.23 (0.20-0.26) 77.1

60-74 yr 58,903 70 0.12

=75 yr 46,898 321 0.68
COVID-19=coronavirus disease 2019; RR=relative risk; CI=confidence interval; VE=vaccine effectiveness. “Critical infection was resulted in
monitoring severity and death for 28 days after COVID-19 confirmation.
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1517


http://www.phwr.org

I Public Health Weekly Rﬁpm:'\

Table 4. Vaccine effectiveness of COVID-19 vaccination series against death among reinfected (second infection) cases aged 60
years and older
Variable 2nd infection (n) Death? (n) Fatality rate (%) RR (95% Cl) VE (%)
Total 458,324 1,344 0.29 - -
Unvaccinated
Subtotal 27,067 250 0.92 Reference
60-74 yr 14,813 58 0.39 - -
=75 yr 12,254 192 1.57 - -
Monovalent (2—4 doses)
Subtotal 325,456 910 0.28 0.30 (0.26-0.35) 69.7
60-74 yr 226,211 191 0.08 - -
=75 yr 99,245 719 0.72 - -
Bivalent
Subtotal 105,801 184 0.17 0.19 (0.16-0.23) 81.2
60-74 yr 58,903 18 0.03 - -
=75 yr 46,898 166 0.35 - -
COVID-19=coronavirus disease 2019; RR=relative risk; Cl=confidence interval; VE=vaccine effectiveness. “Death was resulted in monitoring
death for 28 days after COVID-19 confirmation.
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Figure 2. Vaccine effectiveness of COVID-19 vaccination series against (A) critical infection and (B) death among the population

aged 60 years and older

[11], similar to the number reported in the United Kingdom
(43.1%) [12].

Results of this study revealed that the majority of suspected
reinfection cases were second infections (98.5%) while more
than third infections accounted for 1.5%. Suspected reinfec-
tion cases were prevalent among females, individuals O to
17 years of age with low vaccination rates, and those >75 of

age with underlying diseases and advanced age susceptible to

1518

infection(s). These findings are consistent with the results of
previous studies [9]. More specifically, as the number of rein-
fections increased, the percentage of those 260 years of age and
those residing in long-term care facilities increased. The higher
percentage among the elderly appears to be the result of peri-
odic preemptive tests conducted among the elderly population.
susceptible to infections and that was influenced by repeated

exposure due to communal living.
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Across all ages, the fatality rate for second infections
(0.06%) was only one-half of that of first infections (0.12%);
fatality was higher among those with advanced age, which
was consistent with previous findings [4,10,16]. In particular,
when the vaccine effectiveness against critical infection and
death was analyzed in those >60 of age with a second infec-
tion, the risk for progressing to critical infection and death was
lower in the vaccinated group compared to that of the unvac-
cinated group. Compared to the unvaccinated group, the vac-
cine effectiveness against critical infection was 68.4% for the
monovalent vaccine group and 77.1% for the bivalent vaccine
group. Compared to the unvaccinated group, the vaccine ef-
fectiveness against death was 69.7% for the monovalent vac-
cine group and 81.2% for the bivalent vaccine group. Previous
studies have reported that the bivalent vaccine group was pro-
tected against critical infection and death compared to the un-
vaccinated group but such studies did not take previous infec-
tion history into account [7,16]. Subsequently, in a study that
addressed infectivity, consistent results were found as it report-
ed that additional vaccination with bivalent vaccine prevented
critical infection and death for suspected cases of reinfection
[18].

This study had some limitations. First, to separate cases
of redetection and reinfection from among suspected cases of
reinfection, the definition was made with considerations for
duration after previous infection, symptoms and exposure his-
tory, and they may go unrecognized due to the test not being
performed. In contrast, case numbers may have been exag-
gerated due to redetection cases that appeared 90 days after
the previous infection date, regardless of symptoms. Second,
various characteristics considering individual conditions and

infection circumstances could not be analyzed as underlying

www.phwr.org Vol 16, No 44, 2023

diseases, mutation period, and vaccine type, all of which influ-
ence the development of immunity, were not accounted for in
the suspected cases. In the future, additional analysis of cases of
critical infection and deaths according to underlying disease(s),
mutation period, and vaccine type will be necessary in conjunc-
tion with “big data” from relevant institutions. Furthermore,
it is necessary to analyze risk factors for infection, fatality, and
the preventive effects for critical infection and death in those
who have been infected >3 times, because only the current sta-
tus of general characteristics were provided for those who were
infected >3 times.

This study is significant in that it evaluated vaccine effec-
tiveness against critical infection and death, considering infec-
tion history based on the definition of suspected reinfection
cases in the ROK, despite many biases in suspected reinfection
cases. In particular, it was confirmed that vaccination with the
bivalent vaccine can prevent progression to critical infection
and death in those >60 of age who have been infected twice.
Thus, regardless of history of infection, periodic vaccina-
tion should be recommended to prevent critical infection and
death, and an appropriate vaccination campaign and imple-

mentation plan should also be established.
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QuickStats

Diabetes Awareness, Treatment, and Control, 2013-2021

In 2019-2021, the rates of awareness, treatment, and control among treated adults for diabetes were 66.6%, 62.4%, and
25.0%, respectively. The rates of diabetes awareness and treatment increased over the past 9 years, and the rate of control

among treated adults remained unchanged (Figure 1).
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Figure 1. The awareness, treatment, and control rates of diabetes, 2013-2021

*Prevalence of diabetes: percentage of people of fasting blood glucose =126 mg/dL, diagnosed with diabetes by a doctor, taking oral
hypoglycemic agents or insulin, or HbAlc =6.5%, among those aged 19 years and over.

"Diabetes awareness: percentage of people diagnosed with diabetes by a doctor among those with diabetes, among those aged 19 years and over.
"Diabetes treatment: percentage of people who taking oral hypoglycemic agents or insulin among those with diabetes, among those aged 19
years and over.

*Diabetes control (among treated adults): percentage of people with HbAlc less than 6.5% among those treated diabetes, among those aged 19

years and over.

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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