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+ 2473} A (Public Health Weekly Report) (2F01%8: Public Health Wkly Rep, PHWR)- A=} 9] 3-4] eh&xjolct. 71 173t &
HEGY] AL A - A Aol it A 7IREY] ek FRE SV S - & B me FolA Al&stal FEstA AlEste
o= U7bETh 7 AT A AT v, VIR A, &7 S5, A4S 5 WHEH AF =5 A9 il 2AY

I, A% B, Re Ay, A B 5] A1E ARG 3 AT AR AR AR AA WiF £ A(A 505) ERE= N
JHHH(Open Access) SH&A] 24 Beo] U0} o] & 77t FIHER] F=th

AR Y1 B o] wet AaE AHgstofof she, o] Ao AAISHA] F2 8-S A2 EE& A | Q19 2| 3 (International

Committee of Medical Journal Editors, ICMJE)2] Recommendations for the Conduct, Reporting, Editing, and Publication of Scholarly Work in
Medical Journals (https://www.icmje.org/) = HY YL 3] 9] 2] u}Ett.
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About the Journal

T3+ 2077} A (eISSN 2586-0860)> 2008 449 4 7 AU Y &4 sh&Aloln I7/FEo = viF Fa o TyHct. 43
oA ABE = 2AAEE S5 AEE B4 F 7 A=E 7INte s 2ASAHY 73 % AEd JRE AlSstaar H4dE og Aol
o, AleEe e AYHsRe] 54 JAeke FEeke 49 2 sheA 9 e F3F A3 A Zv o)Al (https://www. phwr.org/)°l
A F711E glo] AMEAl @ o= At SteAt H ol FHEA| B2 A4S THEI =AM http://nl.go.kr)oll Hugro =M ShEA] W&

of gt AAA Am B 9 FLS AlFeeh T2 A% AP QF HA|A(Open Access) TEA| R, AZHE o8 2 FHCreative Commons
Attribution Non-Commercial License; http://creativecommons.org/licenses/by-nc/4.0)°l| whet B[4 B2 02 ARE AAP4E F2T 4= Q1o
U AAgH EH o2 ARge - W] 9] §)71& wtofof ity

Submission and Subscription Information

T2 A3 A9 BE =59 e 239 A A" (https://www. phwr.org/submission)& &34 7FsstH =251 Al BQ7F &
£ W82 9 B2 A4S gtk £ A73a A 30 99E FHolAE Bl AXEHIL Jon, A7) 5SS Yot 2 oHY
(phwrcdc@korea. kn)2 7, &4, o|HA FAE 7| Afsto] 44T 4= Qlt.

7)eF BLE £ ABH+82-43-219-2955, 2958, 2959), A (+82-43-219-2969) = ©]H| U(phwredc@korea kr)}Z &3 755}t

(o]
.(

AR A e A7 eieh TS vl o ot AAAZ: @ =2t

(28159) 5 AFAl §ET 255 L5 Y2R 187 25 R wYHEte (04521) A& 5+ FuLe 32, aydg 25
73} +82-43-219-2955, 2958, 2959, WA, +82-43-219-2969 A3}t +82-2-325-2093, WA, +82-2-325-2095
olw . phwredc@korea.kr olu <. info@medrang.co.kr
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A dztSe HA A2kt (Legionella species) HA Ao fA et gAEE =3 ST FARH
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AR QRS F2 AET 27hgol ol YTt 7
e, 2489 F4A4 5
ZgYolH, Y e Aol FYU=lo] Mk ek
2 ATE g Ao LA itk
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@ M=Z0| €A & Eg2?

SOl 8AIE & 23(39.4%), BAE(37.5%), FESEH
A(35.0%), HBEFEF(32.8%), TLHHQ206.3%)w=2= A
A AEE(16.4%)ET 52 HEES U

® AAEE?

AALAE B BB AHOE HO A4
#el A4 ek, AX 0 deE e 9%
2 ek 9 o4 mhsio] Wastch, ol 913 Wl
54 W AR galoke] 4429 @] Basht.

45T 9] mdt =, wiBAEY 19E, BE(biofilm)o] ¥
JE FFAEd FE5ER SAT 5 A2l 53] vl

A FAE, B8 U E24, 94"ES S gRed
gt oflo]2£0] ulAtY o] AAY E57 thert o] 8k
Ao A 9] A edE} @ FS XA 9] tip Fehd
o] gelo] & = Qltk. o] e EAHER e A eSS
29l EolA A& ¥ H(specific building related ill-
ness) O & EREI QLo g7 edets e flaiAlE 4
A g A7t F as5ktH3 4L

A AA A
o |2, §¢ SANHE AT 7L S48k ek v
o] % 20009 o] F #lXdet HF AvA 7} F o S
7} 201899l 10,0004 o2 FAHAL, FH 4

2 20004 o]F AprH o g A dAjo] 9]

- European Union/European Economic Area (EU/EEA) 3]

1310

Aol A Q17 AYo] 201649 1.4 LAJolA 20194 2.2
a0 g Z71eknt FulolAl 20004 HAR IO R A4
=lo] 200597H4] 109 el TS fASI o, 20199
501902 2ok g & 20226 4159 0] gHAYshE A 2<%
Al =2 T HAS BTG,

ol A¥AHL HA YT A LS Aol
Hod, AS1R(AEF)o whet 2008 HE gE=
rohgol 8414 A det e A A g 95t
et AAA A FAAAL Ago] wet FAE AT o]
T gAedetto] IIH AES g0 R 4% 229 4

R

0.

12¢ 3147HA] A9 A]
A FAHAA AR E v g2 BAste] A st Aol

i
TS0l SAIE 2 TR, Al Y A4 (a5 3
T 127HA FEoR FET
£d TS0l Aol die SdA AL Al - = " A

2 - FolA Sgstn st AR A B A9

202149 H5ol-&AA A dzt 3 A= FA A
oof| el 1dRE 128714 A5 AU 59 YaH
Fof 2o Haks ARl S71ekeE HE71(6-129)9 &
HHoz WP, ABHAZ2 A - = " A -2 - 7
A SFAA A AES A W Re AESdEdd 1
AL (A A A LAY, AT AL, 3

ol A4, wFA D)ol Heet A4l o wdE &

www.phwr.org Vol 16, No 39, 2023


http://www.phwr.org

I Public Health Weekly Re.:uu’\

2 Qhisheinh. 20214 & 2,731709] A Ao BADA
AFEHAT 15 wABAANL, 2P Y JPABL 27
4507) ol4¥e] A Ho] FFHE YTHIE 1).
2. B

20219 19 1925 129 3197H) APE AEA 5

Ay AR ASYREA A0 RuE 23E 2A5

20209 2,33670 AldolA A= loH, 2021H00=
39571 Aldo] F7tE o] 2,7317) AlAoA $3=gloH, A

A SYES A AR A S ] A A SR AEEY
.

A A4 SBEL 75.9%01 24 108749 A4S
AA12 Aot QAR 116749 N8N AAE

AYPstH 107.4%%2 71 52 SPES HJoh ESHAISL
A&t 187 AlAES % HARIH 100%9 +IFES H

o A=ollAl HAF Aol 7HY EWekd M2 AL 41271
% 338719 NS Ao g AAES AFsto] 82%9] 4FE
= BEQANE A=olA 7P B2 AEE e R HAE A

o3te] v s

Pstgonz LPgo| 2 th2 A9
97} B Qs (1E 1).

20219 SFAARE AIRT 2,731709] AlE F 4
(16.4%)2] AldolA A Qdetto] HEEUT AEE2
A AV 4= HiE] HE A 2 AEEAT. A= gRedet
T+ AEELS 16.4%019 24 29.6% (50/169), A7 26.5%
(57/215), €4 23.3% (27/116), W7 22.2% (16/72), A&
22.2% (4/18), 3% 20.9% (40/191), Z'd 20.0% (49/245),

' 19.9% (29/146), 34 17.5% (51/291)&=0.8 A= 7
ZEET A4 Ueith &80 7MY B2 4] A4S 169
Ael A F 5070, A7 21570 & 57709 AldolA A&

AL, A= 447709 HE A F FAko] 11.1%, 3717F

=

477N
7

12.7%5 AA5t A o2 2 4&E88 AN 2).
T 201997E 20219704 A - = S HA 4
ST Wwe Axeltt. 201949 F 3.747719 AlE &

61071(16.3%)2] AldolA A2 detto]l A&H A, Al

B A AR 2 1A A3 g
ZARCHA AJA R A 4
EAE, Wehy D JFLBAE, FTAY, o AARTY, g e 1)
FeRF), JEPAYL, AGFAL, FA%, o 2
349, ofzlold & 4 Y
o, ojgh, Y4, oFIE 5 FE 5 EECE Jzred 17
SRR ASE, 3 25 Aezd 1
=P RERERC 7} 17}
FEUY, 9D, RABANE 5 EEGE Jzed 17
SRR ASE, FY 25 Aezd 1
WS WA ) B4l S5 24 AR %0 30% o)A X3t
BE WA ) A - 25
gz ey, Bay, o4 A4z 9 o] 2 /9 9 7 1A
LEQE P
A B ST 25
£ L 174 ol
TR RN A B D ALAE(EEE Solok SH AL, TAAE A4 A4 Solnz, BaX AN B5 § A 5 el A4
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C dAHAZAIE = Bl ZALAIE &= DAL AIEE(%) - AIAE HH(%)
450 . - 110
400 -
i - 88
D A N — )
W 300 A &=
= 250 - - 66 >
ol 0%t
E 200 A L 44 n/lﬂ
= 150 =
0 ~
™ 100 - 22
50 A
0 -0 J1. 20219 A - =4 SEAAA
% X W 5 B s s K = = =ven
S g7 g i o i P P i st X CE RO
307~ 0 dss(%) [ 11200
— o HAPAIE
24 +
_ ] — - 900
= = 1 N
< 181 %
’I”( - 600 %
! i nx
Ko 12 N
6 | g ol H HH AT 300
0 T T T T T [ T I‘ L T T T T T T T T 0 =l 2, 20211‘51 /\] Elg Eﬂx]_S)_I:j:_]ﬂ
4 X » WK tN X NSO IR DR % K
W L AL G R P PP X +129%

H2.2019-20219 AEEGEA AA ¢ dv] & AA 4= 8l1)

T2 M= Mg BM OfF oM HF 0N SM MF U 4B 55 FH NE MHE E5 ZH HF
2019 16.3 14.6 34.2 299 11.0 173 33 291 - 162 109 143 107 205 135 215 79 172
2020 16.1 255 32.8 33.7 234 20.0 33 184 412 155 127 134 174 81 74 14.6 12.0 143
2021 164 16.2 29.6 222 175 162 2.0 233 222 265 122 80 199 7.8 59 209 20.0 155
P# 163 18.8 322 286 173 178 29 23.6 317 194 119 119 160 121 89 19.0 133 157
o9l %.

Ay AEE2 A AL & O] HE A SR AEEHYS 17.4% (15/86)7F A= HEEET E9ITHE 2).

o, FT Qo 7= QITH AR FAF 34.2% (65/190), 2019-202149717)9] HF AEEL A= 16.3% (A
i 29.9% (50/167), &4t 29.1% (30/103), A& 21.5% 16.1-311 16.4%)E 39 5% FARE 29 HEES &
(49/228), A% 20.5% (45/220), B3 17.3% (57/329), A1~ <latdth. B+ HEES F4lo] 32.2% (A 29.6-31
17.2% (15/87)7F A= AEEET &4 20204¥0l= 34.2%)2 7P E9kom, 20209 AlE(41.2%) AYstile
Z 2,336709] Ald 5 3767H(16.1%)2] AldelA HE= A 201920219 A= HAEE S M w2 AEES A &
o AGEE AF 41.2% (7/17), A7 33.7% (29/86), & @ AIF 31.7% (FA 22.2-H1 41.2%), 7 28.6% (HA
AF32.8% (43/131), A& 25.5% (28/110), AA 23.4%  22.2-F 1 33.7%), 4 23.6% (A 18.4-H 1L 29.1%)&

(68/290), F= 20.0% (7/35), =4k 18.4% (18/98), 2 L0 AEES Bt o, 7 Al - 29 Al gy #eE A

flo
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solnz, AEEol A4 BF 0 5 9
289 vt S0 Fofsfor B,

7o Al - &= 3+ A

ol

¥(26.3%)=01 A

of7|H F5

=

ZOl8AA 7o) wet BA%E A}, 2,731709] A SFHY, AFEHEY, SEHYNA AHH R 22 HE
A F 44770(16.4%)9) AlAdoA HAdetto] AEEA0 Eg Hylon, Moz og7|#o] 442l Hxeda}
H, 234 39.4% (13/33), A 37.5% (21/56), 45T g7 H a3t AL AT 4= Aol
W 35% (14/40), HFEER 32.8% (95/290), THHL StA|TE Al - = thgol 8AIA HEEF A, Ald ¢
26.3% (84/320) €02 HA AEErEY =2 AEES & Hof st AFfolBg A - & 7+ HEFE HlI+E 40 F9
AStATHIE 3). st d a7t
52 Al AEE0] w2 X9 A YA ol
A = 2 A9 7He] Aol A& ALSRE Aifote, X9 H X
ety s grdedt HEES Ve Aot
2021 thFol &A1 i HRleder A = A Fo HYEL 59202 HIo|A 7P =9tout # A
9] 2,731719] AJHofA o]FolF o, thFol8AH TFE 252 15.5%% AL AEE(16.4%)HETT @2 AL g
AESIFNAE 2740] 39.4%=% AEEo] 7P =9k, BA o ATt ESF BAO] AEEL 29.6%2 A=A 7Y =
1H37.5%), H85L29(32.8%), AFSTHLB5%) T 53 GO, HYES 0.5F0 2 A= HYE(0.79)E Fdoh
457 0 d2E%) [0
— - AL A
36 4 — L 500
_ ] L 400 gy
X 27 R
M L300 >
% 18- i
N F200
9 H L 100
0 | | T T T T T T |_| T IZIIIII 0
24 gk &= o CLHEZAE wstd ! S el L9l 7|et =Ll
zoe =88 CHRATAE  ofnt CRNE!
7213, 20219 thEo]8A4E S A4AA A
100 [ 102t HE UME
86 B H2EE(%)
80 -
60 -
40 -
29.6
20 1 16 1 T e w e 2 A 16.2 1516.2
O3 4, 20214 Al-=¥ #Rledet
01 Z W E 4 Frjedztt AEE
LR RPELEXR LT RL um
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9 AAl T AT s FAEHUZ
SR A A2 2 A
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= A go] wet o
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Environment Testing Results for Legionellosis in 2021

Gyehee Lee, Inho Kim, Jeongok Cha, Seulki Kang, Jin Gwack*

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

ABSTRACT

Korea Disease Control and Prevention Agency (KDCA) in charge of comprehensive management of environmental water
facilities environment testing in various multi-use facilities to prevent Legionellosis in the Republic of Korea. In 2021,
environment testing were planned for 3,956 facilities nationwide, but environment testing were carried out in 2,731 facilities
(75.9%). An additional 395 facilities were tested compared to the 2,336 tested in 2020. The overall environment testing
rate was 75.9%, with notably high environment testing rates observed in Ulsan (107.4%) and Sejong (100%). Based on the
environment testing results reported through the national infectious diseases surveillance information system, Legionella
species were detected in 447 facilities (16.4%) nationwide. Among multi-use facilities, hot springs, Korean sauna, tertiary
hospitals, large public baths, and general hospitals exhibited detection rates higher than the overall. KDCA will continue to
collaborate with relevant ministries and professional societies to manage Legionellosis in environmental facilities, including
conducting a research project with The Society of Air-conditioning and Refrigerating Engineering of Korea in 2023 with the
goal of identifying strategies to prevent and systematically manage Legionellosis and developing facility-specific legionella

management guidelines.
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Introduction

Legionellosis is an acute respiratory illness caused by in-
fection with Legionella species, classified as a class 3 infec-
tious diseases that must be reported within 24 hours under the
Mnfectious Disease Control And Prevention Act,. Legionella
species are bacteria commonly found in natural environments
such as rivers, lakes, and soil. There are approximately 50

known species and over 70 different serotypes of legionella.

www.phwr.org Vol 16, No 39, 2023

Human infections are mainly associated with aerosol-gener-
ating facilities such as cooling towers, building water systems
(showers, faucets), humidifiers, respiratory therapy equipment,
hot springs, and more. When infected with Legionella species,
various symptoms resembling the flu, including fever, cough,
and difficulty breathing, can occur. Typically, it can manifest
as Pontiac fever, an acute febrile illness that usually improves
within 2 to 5 days. It can also progress into Legionella pneu-

monia, which can take various forms and may be accompanied
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Key messages
(D What is known previously?

Legionellosis is most prevalent in the summer and early
fall. Infection source is aerosolized is aerosolized water,
such as cooling tower water and building water supply,
which is inhaled into the body in the form of droplets.
There is no person-to-person transmission.

(@ What new information is presented?

Hot springs (39.4%), Korean sauna (37.5%), tertiary hos-
pitals (35.0%), large public baths (32.8%), and general
hospitals (26.3%) had higher than the overall (16.4%).

® What are implications?

Environment testing is necessary to enhance the aware-
ness of facility managers and to develop facility-specific
management plans and measures for the prevention of
Legionellosis. Collaboration with relevant government
agencies and professional societies is required for this

purpose.

by complications such as shock, acute renal failure, and mul-
tiple organ failure [1].

Legionella species can survive in various environments. It
can survive cold and hot conditions, disinfectant residue, low
pH levels, low nutrients, and high salinity. It can also prolifer-
ate rapidly in water supplies where warm water (25-45 degrees
Celsius) is used, where there is standing water in the plumbing,
or where biofilm has formed [2]. Outbreaks of Legionellosis
in facilities with a large dispersion radius of Legionella aero-
sols, such as water supplies in multi-use facilities, bath water in
bathhouses, and cooling tower water, or in facilities used by an
unspecified number of people, can cause large-scale outbreaks
in the community. Due to these characteristics, Legionellosis is
categorized as a major specific building related illness, and fa-

cility management is important to prevent Legionellosis [3,4].

1316

Since the year 2000, sporadic cases of Legionellosis have
been reported worldwide, with an increasing number of cases
in countries like the United States and Europe. In the United
States, reported cases of L. pneumonia increased approximately
ninefold since 2000, reaching around 10,000 cases in 2018. In
European Union/European Economic Area (EU/EEA) mem-
ber countries, there was an increase in the number of cases
from 1.4 cases per 100,000 population in 2016 to 2.2 cases in
2019. In the Republic of Korea (ROK), Legionellosis was des-
ignated as a national notifiable disease in 2000 and maintained
around 10 cases until 2005. In 2019, the highest number of
cases occurred, with 501 patients, and in 2022, there were 415
cases, indicating a continuous high occurrence of patients [5].

Korea Disease Control and Prevention Agency (KDCA)
has been establishing “testing plans of legionella in multi-use
facilities” by region since 2008, based on "Infectious Disease
Control And Prevention Act; (Duty to Disinfect), for the pre-
vention of Legionellosis. After conducting environment test-
ing in accordance with the environment testing plan, facilities
where Legionella species are detected are undergoing measures
such as disinfection and environmental management.

This study is a summary of the environment testing results

conducted from January 1 to December 31, 2021.

Method

1. Selection and Implementation of Environmental
Facility Environment Testing
Multi-use facilities are categorized into 12 items in accor-
dance with ‘Facilities Requiring Disinfection’ of Mnfectious
Disease Control And Prevention Act,. Environment test-

ing plans for multi-use facilities are established by region,
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and laboratory testing is conducted by the local Health and
Environment Research Institute. KDCA oversees all aspects,
including the analysis of environment testing results and sup-
port for the establishment of environment testing plans.

The legionella environment testing for multi-use fa-
cilities in 2021 were conducted year-round from January
to December according to the environment testing plan.
Particularly, environment testing of cooling tower water and
fountains were emphasized during the peak season (June to
December) when usage increased. KDCA provided guidance to

ensure that all tertiary general hospitals and high-risk facilities

(immune-compromised patient care facilities, elderly popula-
tion care facilities, multi-use facilities, and aged facilities) could
be included as much as possible for environment testing. As a
result, environment testing were carried out in a total of 2,731
facilities in 2021, including over 450 facilities each in elderly

welfare facilities, nursing homes, and large buildings (Table 1).

2. Analysis Method
The results of environment testing conducted from
January 1 to December 31, 2021, were analyzed based on the

data reported to the national infectious diseasess surveillance

Table 1. Environment testing target facilities and number of specimens

Environment testing target facilities”

Specimen collection sites

Number of specimens?

Large buildings, department stores and shopping
centers, airport facilities, passenger terminal halls,
railway stations, food service establishments, group
dining facilities, performance venues, schools and
academies, daycare centers and kindergartens.

Hotels, motels, hostels, apartments, and
condominiums.

General hospitals, nursing homes, elderly care
facilities, etc.

Cooling tower water

Cooling tower water

Water reservoirs, centralized hot
water systems

Water supply system for both cold
and hot water

Cooling tower water

Water reservoirs, centralized hot
water systems

Cold water and hot water in the
facility’s restrooms

Cold water and hot water in the
facility's shower rooms

One sample per cooling tower

One sample per cooling tower
One sample per water reservoirs
One sample per

One sample per cooling tower
One sample per water reservoirs

More than 30% of the entire floor

Large public baths, Korean sauna, hot springs

Reservoirs and filtration system

One sample per bathtub

water
Bathtub cold and hot water
Shower faucet and tap’s cold and
hot water
Water fountain

Water fountain One or more samples per fountain

YSelection criteria: "nfectious disease control and preventation act article 24 (facilities requiring disinfection). The minimum number of

samples per facility, additional samples can be collected if necessary.
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information system.

Results

In 2020, environment testing were conducted in 2,336 fa-
cilities, and in 2021, an additional 395 facilities were included,
resulting in environment testing being carried out in a total of
2,731 facilities. The testing rate was calculated by comparing
the number of facilities tested to the total number of planned
facilities.

The national testing rate was 75.9%. Ulsan had initially
planned testing for 108 facilities, but in reality, testing were
carried out in 116 facilities, resulting in the highest testing rate
at 107.4%. Sejong achieved a 100% by testing all 18 planned
facilities. Jeollanam-do, which had the highest number of
planned environment testing nationwide at 412, conducted
testing in 338 facilities, resulting in an 82%. However, it’s im-
portant to note that since Jeollanam-do conducted environ-
ment testing in the highest number of facilities nationwide,
caution is necessary when comparing its testing rate with other

regions (Figure 1).

] No. of testing (planned) facilities
Bl No. of testing facilities

No. of testing (planned) facilities
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Out of the 2,731 facilities subjected to environment test-
ing in 2021, Legionella species were detected in 447 facili-
ties (16.4%). The detection rate was calculated by compar-
ing the number of facilities with positive results to the total
number of tested facilities. Nationwide, the Legionella detec-
tion rate was 16.4%, with Busan 29.6% (50/169), Gyeonggi
26.5% (57/215), Ulsan 23.3% (27/116), Daegu 22.2%
(16/72), Sejong 22.2% (4/18), Gyeongbuk 20.9% (40/191),
Gyeongnam 20.0% (49/245), Chungnam 19.9% (29/146),
and Incheon 17.5% (51/291). These regions had higher detec-
tion rates than the national detection rate. In the case of Busan,
which had the highest detection rate, 50 out of 169 facilities
were contaminated by Legionella species, and in Gyeonggi,
57 out of 215 facilities were contaminated by Legionella spe-
cies. Busan accounted for 11.1%, and Gyeonggi accounted for
12.7%, showing relatively high detection rates (Figure 2).

The results comparing environment testing outcomes by
region from 2019 to 2021. In 2019, out of a total of 3,747
facilities, Legionella species were detected in 610 facilities
(16.3%). Regional detection rates are calculated based on the

number of facilities with detections compared to the total

Testing rate (%)
- Average of testing rate (%)

- 110
- 88
a
@
r66 5
«
g
F44 @
=
F 22
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Figure 1. Environment testing
plans and testing rates by regions

in 2021
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number of tested facilities. By region, Busan 34.2% (65/190),
Daegu 29.9% (50/167), Ulsan 29.1% (30/103), Gyeongbuk
21.5% (49/228), Jeonbuk 20.5% (45/220), Gwangju 17.3%
(57/329), and Jeju 17.2% (15/87), all of which were higher
than the national detection rate (Table 2).

In 2020, out of a total of 2,336 facilities, 376 facilities
(16.1%) had detections. By region, Sejong 41.2% (7/17),
Daegu 33.7% (29/86), Busan 32.8% (43/131), Seoul 25.5%
(28/110), Incheon 23.4% (68/290), Gwangju 20.0% (7/35),
Ulsan 18.4% (18/98), and Chungnam 17.4% (15/86) with
detection rates higher than the national average.

The national average detection rate from 2019 to 2021
was 16.3% (low 16.1% to high 16.4%), confirming a similar
level of detection over the three years. Busan had the highest

average detection rate of 32.2% (lowest 29.6%, highest 34.2%),

which was the highest detection rate among the national detec-
tion rates in 2019-2021, except for Sejong (41.2%) in 2020.
Sejong also had a high detection rate of 31.7% (lowest 22.2%,
highest 41.2%), Daegu 28.6% (lowest 22.2%, highest 33.7%),
and Ulsan 23.6% (lowest 18.4%, highest 29.1%). However, it
is important to note that the results are for a part of facilities in
each city, so comparing detection rates across cities should be
interpreted with caution, as detection rates may differ from the
actual situation.

Analyzed by type of multi-use facility, Legionella species
were detected in 447 (16.4%) of the 2,731 facilities, with de-
tection rates higher than the overall rate in hot springs 39.4%
(13/33), Korean sauna 37.5% (21/506), tertiary general hospi-
tals 35% (14/40), large public baths 32.8% (95/290), and gen-
eral hospitals 26.3% (84/320) (Figure 3).

30 ] [ Detection rates (%) [ 1,200
_ - No. of testing facilities
—~ 24 z
Sk — M — L 900 ©
-~ — o
3 ] o~
£ g
5 - 600 3
= [y
2 2
3 300
T T T T T T 0
P PP P ¥
@ F @
& o\\’bQ & S 7
BQJ (\Qéb Qéb
& & Figure 2. Regional detection status
& &Y

of Legionella species in 2021

Table 2. Detection rate (comparison of detected facilities to total tested facilities) from 2019 to 2021

o ~ ~ _ Chung- Chung- ~ _ Gyeong- Gyeong-
Category Nat.lon Seoul  Busan Daegu Incheon ngng Dagjeon Ulsan  Sejong Gyegng Gang cheong- cheong- Jeola~ - Jeoll sang-  sang- Jeju-do

wide ju g won buk-do nam-do

buk-do nam-do buk-do nam-do

2019 163 14.6 342 299 11.0 173 3.3 29.1 - 162 109 143 107 205 135 215 79 172
2020 16.1 255 32.8 337 234 20.0 33 184 412 155 127 134 174 8.1 74 146 12.0 143
2021 164 162 29.6 222 175 162 2.0 233 222 265 122 80 199 78 59 209 200 155
Average 16.3 18.8 32.2 28.6 173 178 29 23.6 317 194 119 119 160 121 89 19.0 133 157
Unit: %.
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Figure 3. Detection rate of environment testing in multi-use facilities in 2021
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Figure 4. Comparison of Legionel-
losis incidence rate per 100,000
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Conclusion

In 2021, legionella environment testing were conducted
in 2,731 multi-use facilities nationwide. Hot springs had the
highest detection rate at 39.4%, followed by korean sauna
(37.5%), large public baths (32.8%), tertiary general hospitals
(35%), and general hospitals (26.3%).

One noteworthy observation is the relatively high detec-
tion rates in healthcare facilities, including nursing homes, ter-
tiary general hospitals, and general hospitals. This emphasizes
the need for ongoing Legionella environmental management
in healthcare settings. However, it’s important to note that the

regional multi-use facility detection status is based on results
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from selected facilities within each area, and may not represent
the overall situation of the region.

This graph compares the regional occurrence rates of
Legionellosis and the detection rates, as it was expected that
there might be a correlation between regions with a high de-
tection rate of Legionella species and regions with a high inci-
dence of patients.

The incidence rate in Jeju was 5.92 cases, which was the
highest nationwide, but the detection rate was 15.5%, lower
than the national detection rate of 16.4%. Additionally, in the
case of Busan, the detection rate was the highest nationwide at
29.6%, but the incidence rate was 0.5 cases, which was lower

than the national incidence rate of 0.7 cases (Figure 4).
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Environment testing may have included facilities visited
by patients, so it was expected that region with high detection
rates would also have a high number of patients, but we did not
find any association between environmental detection rates
and the number of Legionellosis by region.

The non-specific clinical characteristics of Legionellosis
may have led to an underestimation of actual patient cases, and
the lack of correlation between the detection rate and the inci-
dence of Legionellosis is likely attributed to the fact that only
selected facilities underwent environment testing based on
each region’s plan.

The results of the analysis of environment testing results
can be used as a reference for planning environment testing in
each region.

In particular, when planning which facilities to target for
environment testing, it is important to focus on organizations
that have not been previously targeted, including detection fa-
cilities. Therefore, we have provided guidance to regions to
take this into account when planning their 2023 multi-use fa-
cility environment testing plan.

KDCA analyzed the “2021 Legionella species test results
for multi-use facilities” and raised the need for multi-use facil-
ity-specific management plans and related laws and systems to
prevent Legionellosis, and is conducting a research project on
related matters in cooperation with SAREK from the first half
of 2023.

The research project aims to develop legionella manage-
ment guidelines for each facility reflecting the current situation
in the ROK and derive legionella management strategies such

as improving related laws and systems.

www.phwr.org Vol 16, No 39, 2023

KDCA will continue to cooperate with related ministries
and professional societies to improve management of environ-

ment related with Legionellosis.
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Adverse Reactions after Smallpox Vaccination and
Adverse Reaction Treatment by Vaccinia Immune Globulin

Sang Eun Lee, Jin-Won Kim, Hwajung Yi, Yoon-Seok Chung*

Division of High—-Risk Pathogens, Bureau of Infections Disease Diagnosis Control,
Korea Disease Control and Prevention Agency, Cheongju, Korea

ABSTRACT

The smallpox vaccine, which is based on vaccinia virus, has been effective in preventing this disease. Since the World
Health Organization declared the eradication of smallpox in 1980, there has been no concern about the natural occurrence
of smallpox, so vaccinations of the general population is not currently being conducted. However, as the variola virus is a
pathogen that is possibly to be used in bioterrorism and is vaccinated against bioterrorism response personnel and people who
may be exposed to the virus. These smallpox vaccines can cause local and minor adverse reactions, and in the case of the first
and second generation smallpox vaccines, serious life-threatening complications may occur. Accordingly, vaccinia immune
globulin (VIG) is used as a treatment for abnormal reactions caused by vaccination of the smallpox. However, since “VIG” is
produced using the sera of people vaccinated against smallpox, the effectiveness and production between lots are variable, and
demand may exceed supply. To compensate for these shortcomings, research and development of a smallpox vaccine side effect
treatment that can be produced in various ways, based on human monoclonal antibodies with neutrality against the vaccinia

virus and with standard effectiveness is underway.

Key words: Smallpox vaccine; Adverse effects; Vaccinia immunoglobulin; Adverse effects treatments
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Introduction

The variola virus belongs to the genus Orthopoxvirus in
the family Poxviridae. It is the causative agent of smallpox, a
once widespread and deadly disease. In the late 1700s, Edward
Jenner developed the cowpox-based vaccination method, the
basis of the smallpox vaccine, after discovering that cattle farm-
ers who had previously experienced mild cowpox symptoms

had a lower smallpox incidence than the general population

1328

[1,2]. Following the introduction of the global smallpox vacci-
nation program by the World Health Organization (WHO) in
1967, naturally occurring smallpox infections have been suc-
cessfully eradicated [3]. In 1980, after WHO announced the
successful eradication of smallpox, vaccinia virus vaccination
began to be phased out. Given the high potential of the variola
virus to be used as a bioterrorism agent, many countries con-
tinue to vaccinate individuals at risk of exposure, such as bio-

terrorism response personnel, healthcare professionals, and
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Key messages
(D What is known previously?

After the eradication of smallpox, general population
vaccination against this disease was stopped.

(@ What new information is presented?

The smallpox vaccine can cause serious life-threatening
adverse reactions as well as local and minor adverse reac-
tions. Accordingly, VIG was used as a smallpox vaccine
adverse reactions treatments.

® What are implications?

Variola virus is a pathogen that can be abused for bioter-
rorism and is vaccinated bioterrorism response personnel
and others. Accordingly, VIG, which used as a smallpox
vaccine adverse reactions treatments, has a limit in pro-
duction. To compensate for these shortcomings, the de-
velopment of mass-produced and standardized neutral-
izing antibodies is underway, and it is necessary to intro-
duce them.

laboratory staff [4]. The Republic of Korea (ROK) stockpiled
second-generation smallpox vaccines and provides them to
bioterrorism response personnel to prepare for public health
emergencies. Most approved vaccinia virus-based smallpox
vaccines are attenuated live vaccines that prevent orthopoxvi-
rus infections. Smallpox vaccines have local and mild adverse
reactions, while first and second-generation smallpox vaccines
may even cause life-threatening complications. Thus, vaccinia
immune globulin (VIG) is used to treat adverse reactions to
smallpox vaccination [5]. This study describes smallpox vac-
cination adverse reactions and introduces VIG as a therapeutic

agent for these adverse reactions.

www.phwr.org Vol 16, No 39, 2023

Adverse Reactions to Smallpox Vaccination

Smallpox vaccines are live vaccines containing the vaccinia
virus. While they effectively prevent smallpox, introducing the
living vaccinia virus in the injection site may induce several
adverse reactions. In particular, first- and second-generation
smallpox vaccines may cause serious adverse events, such as

progressive vaccinia [5-9].

1. Local Reactions

A local reaction around the injection site is the most com-
mon smallpox vaccine adverse reaction. These local reactions
generally occur within a few days after vaccination, includ-
ing erythema, swelling, tenderness, itchiness, and pustules or
vesicles. Pustules eventually become scabs and fall off, leaving a

small scar.

2. Systemic Symptoms

In some cases, mild systemic symptoms may occur fol-
lowing vaccination. These symptoms include fever, fatigue,
headache, muscle pain, and overall discomfort, and may occur
within a week after vaccination. These symptoms are transient

in most cases and resolve spontaneously.

3. Accidental Infection or Accidental Inoculation
Accidental inoculation is the most common adverse reac-
tion. Accidental virus inoculation from the injection site to a
body part that comes into close contact with the injection site
might cause lesions. The face, eyelids, nose, mouth, genital
area, and anus are the most affected body parts. Most lesions

heal without any treatment.
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4. Lymphadenopathy

Lymphadenopathy around the vaccination site is a com-
mon adverse reaction to smallpox vaccines. Lymph nodes may
enlarge and tenderness may be felt in the lymph nodes as a re-
sult of the immune response caused by the vaccine. This is a
normal physiological response and generally resolves sponta-

neously without complications.

5. Generalized Vaccinia

Generalized vaccinia causes systemic erythematous or pus-
tular rash 6-9 days after vaccination. Patients with mild gener-
alized vaccinia may recover without treatment. However, those

with severe or recurrent conditions require VIG [10].

6. Eczema Vaccinatum

Eczema vaccinatum is rare but relatively more common
among people with pre-existing atopic dermatitis or eczema.
Localized or extensive pustular or papular rash may occur,
most likely around areas previously affected by atopic dermati-
tis. The rash is often accompanied by fever and lymphadenop-
athy [10].

7. Progressive Vaccinia

Progressive vaccinia is an extremely rare but severe adverse
reaction of smallpox vaccination affecting individuals with im-
munodeficiency. It typically affects immunocompromised pa-
tients, including those with HIV/AIDS or undergoing immuno-
suppressant therapy. Progressive vaccinia may hinder the heal-
ing of the vaccination site and lead to necrosis or occasionally
metastasize to other areas of the body (skin, bones, and internal
organs). VIG and antiviral agents have increased the survival

rate of progressive vaccinia, which was previously fatal [10].
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8. Postvaccinal Encephalitis

Postvaccinal encephalitis occurs in 2 to 1,200 people per
million vaccinated people and 8-15 days after vaccination [5].
Sudden death can occur within a week of symptoms and the
mortality rate is around 25%. Although the pathogenesis of
postvaccinal encephalitis remains unclear, it is similar to that of
postviral encephalitis in most cases. Its symptoms include fe-
ver, vomiting, headache, and discomfort. In some cases, it may

lead to coma and meningitis.

The Discovery and Production of VIG

In the late 1940s, Henry Kempe proposed isolating gamma
globulin antibodies from the serum of individuals who had re-
ceived the smallpox vaccine and administering a purified ver-
sion to individuals with or at risk for adverse reactions. Kempe
observed that some infants did not react to the smallpox vac-
cination, possibly due to high maternal antibodies against the
vaccinia virus, which inhibited the replication of the vaccinia
virus in the smallpox vaccine. Additionally, he inferred that the
localized skin pocks at the vaccination site that heal without
spreading systemically and the development of immunity to
smallpox were probably the result of the generation of antibod-
ies against the vaccinia virus in response to vaccination, pre-
venting the virus from replicating and spreading beyond the
vaccination site. He observed that smallpox vaccination that
failed to produce antibodies against the vaccinia virus caused
severe adverse reactions such as generalized vaccinia or eczema
vaccinatum. Based on these observations, Henry Kempe pro-
posed that immune globulin from individuals with high level
of antibodies against the vaccinia virus after smallpox vaccina-

tion could help those who had complex adverse reactions or

www.phwr.org Vol 16, No 39, 2023


http://www.phwr.org

I Public Health Weekly Re.:uu’\

were expected to have severe adverse reactions due to antibody
production problems [11].

In the 1950s, gamma globulin was produced from the
plasma of U.S. military personnel who were hyperimmune to
the vaccinia virus following smallpox vaccination. It was used
as a therapeutic agent to treat adverse reactions to the smallpox
vaccine [12]. Intramuscular injections of gamma globulin were
found to be effective in treating adverse reactions, such as gen-
eralized vaccinia and eczema vaccinatum, and repeated doses
over several weeks were effective in treating progressive vac-
cinia [6,12]. Furthermore, it can be used as prophylaxis against
adverse reactions to the smallpox vaccine. First- and second-
generation smallpox vaccines are contraindicated for individu-
als with skin conditions such as atopic dermatitis, those with
weakened immune systems such as those having HIV/AIDS,
and specific populations including pregnant women. However,
VIG could be administered prophylactically in these individu-
als before smallpox vaccination to prevent potential adverse re-
actions [5].

VIG is classified into two types based on the route of
administration: vaccinia immune globulin intramuscular
(VIGIM) and VIG intravenous (VIGIV). VIGIM is used to
treat smallpox vaccine complications, while the key benefit
of VIGIV is improved dosing and tolerability compared to
VIGIM.

Viral contamination must be minimized during VIGIV
production. VIGIV is purified via ion-exchange chromatogra-
phy from plasma collected from healthy donors who received
Dryvax® (Wyeth-Ayerst Laboratories, Inc.; vaccinia virus live
vaccine). The purified gamma globulin solution is then steril-
ized through solvent/detergent treatment and stabilized using

10% maltose and 0.03% polysorbate 80 (pH 5.0-06.5).

www.phwr.org Vol 16, No 39, 2023

All plasma donated for VIGIV production undergoes U.S.
Food and Drug Administration (FDA)-approved serologi-
cal testing for the presence of antibodies to Hepatitis B surface
antigen, HIV-1/2, and hepatitis C virus (HCV), along with
nucleic acid testing for HBV, HIV-1, and HCV. The efficacy of
VIGIV is determined through neutralizing antibody assays [5].

When VIGIV was administered to healthy individuals, ad-
verse reactions, including headache and local reactions at the
injection site, and nausea were reported in 5-7% of cases, with
no cases of serious adverse events. Nevertheless, caution should
be exercised for individuals with selective IgA deficiency, as
VIGIV contains some IgA and may trigger an anaphylactic re-
action [5,13].

Smallpox vaccination adverse reactions can be treated and
prevented with VIG. The ROK stores it as a national essential
medicine for bioterrorism and infectious disease epidemics
after FDA certification in 2005. However, because it is made
from the serum of individuals vaccinated with the smallpox
vaccine, its efficacy and production volume fluctuate between
lots, and supply may be insufficient. To address this draw-
back, research and development are underway to create thera-
peutic agents for smallpox vaccine adverse reactions that can
be mass-produced and have standardized efficacy based on
combinations of human monoclonal antibodies with neutral-
izing properties against the vaccinia virus. Viruses in the ge-
nus Orthopoxvirus, such as the vaccinia virus, consist of over
200 proteins and their encoding DNA. These viruses share
high orthology in their genes and proteins. Experiments us-
ing mouse models have shown that antibodies against the H3
and B5 surface antigens of the vaccinia virus play a critical
role in neutralizing infections caused by viruses within the ge-

nus Orthopoxvirus and that these antibodies have equivalent
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efficacy to that of VIG [14]. Furthermore, experiments involv-
ing the production and combination of monoclonal antibodies
targeting the major antigens (A27, D8, H3, L1, B5, and A33)
of the vaccinia virus demonstrated equivalent or superior cel-
lular infection neutralization and defense against animal infec-
tions caused by viruses within the genus Orthopoxvirus com-

pared to VIG [14,15].

Conclusion

The smallpox vaccine is a live vaccine that contains the vac-
cinia virus and is generally effective in preventing smallpox.
The vaccine can cause mild and localized adverse reactions,
while first and second-generation vaccines can induce more
severe adverse reactions. The most common adverse reactions
include erythema, swelling, tenderness, and itching around the
injection site. However, life-threatening conditions may devel-
op in immunocompromised individuals.

The discovery of VIG in the late 1940s offered a cure for
severe adverse reactions associated with smallpox vaccine im-
munization. It was speculated that obtaining VIG from indi-
viduals who developed antibodies and immunity against the
vaccinia virus after smallpox vaccination and transfusing it to
people who developed adverse reactions or were expected to
develop them due to their immunocompromised state would
help treat and prevent them. In the late 1950s, gamma globulin
was produced from the plasma of U.S. military personnel who
were hyperimmune to the vaccinia virus following smallpox
vaccination and used to treat adverse reactions to the smallpox
vaccine.

Smallpox vaccination helped eradication of the deadly

smallpox infection in human population. General smallpox
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immunization has been discontinued because spontane-
ous smallpox infections have not occurred since eradication.
Bioterrorism response personnel and laboratory staff receive
smallpox vaccinations since the virus could be exploited in
bioterror attacks. Smallpox vaccination is no longer routinely
administered for infection prevention because of the local and
mild adverse reactions following vaccination and the potential
adverse reactions to first- and second-generation vaccines. The
ROK recently introduced safe third-generation smallpox vac-
cines that do not replicate in the body. However, they are only
administered to high-risk populations in response to the po-
tential monkeypox outbreak.

VIG, which is mainly used to treat adverse reactions to
the smallpox vaccine, is produced from the plasma of small-
pox-vaccinated individuals. Therefore, its efficacy varies and
production is limited, which may lead to inadequate supply.
Research is underway to develop mass-produced therapeutic
agents based on a combination of monoclonal antibodies with

vaccina virus neutralizing abilities.
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QuickStats

Overweight or Obesity Rates in OECD Countries in 2021

Overweight or obesity rates among population aged =15 years in the Republic of Korea was 36.7%, which was approxi-
mately 20%p lower than the average (57.5%) across nine member countries of the Organization for Economic Co-operation
and Development (OECD) for the last 3 years. Overweight or obesity rates was the highest in Mexico (74.1%), while Republic

of Korea (36.7%) was the second lowest after Japanese (27.2%) (Figure 1).
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Figure 1. Overweight or obesity rates in OECD countries in 2021
*Overweight or obesity rates: percentage of population aged =15 years with a BMI of 25 kg/m” or over based on measured data.

YOECD (9): average of nine member countries that have statistical data in 2021 (or the last 3 years).

Source: https://stats.oecd.org (cited Sep 15, 2023)

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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