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2022 FIFA 7[E}2 €IEZ0]| CHY|5t

3 287| = S MA2| 5t =4

%5 387 332 (Middle East Respiratory Syndrome, MERS)< 20124 A3 B 1% o|F A AAF o2 2,6000] 9A 4+

gk 20229 1299=
A A AYY-SAE = MERS A4 A1
H

1 B4 97 MERS 943k 4 Al of-& 3

ol 11719zt ISt 317 8t @k SHAIgh, Al&A]9] MERS H-&AIZH
o E3h AATNE AAeAe] B, FHEEA dE REo] 9

ol t-&5t9ct. A0 & 2022 FIFA 7Het2 Y=g thu|sto] Al&A], %

35 557
MERS)S % 5587] 25F FZHHo]HA(MERS-corona-
o8 HAYst= 57 daEHoltH1]. 2012 4€

f2goA AHg EAPo] B

S%H(Middle East Respiratory Syndrome,

virus)©]|

1F o]% 20224 129714 &

A AHEo] 36%0l SetE 5 7] AEolth. 29 FAr} A-tiotatu|oL & H RS
2022 FIFA 7tEt2 4=4o] A=, 55
A|RE AT o]

ot 14 9 T3S APstAct 20229 122 MERS AR A3 A4 357402
_Q_

PR 35T A

L @49 37k2 129019 o]d 117)enr} 2 H

531 MERS A& Alaro] dfs] ast&o g o3

FF 7N ST et 3
o2 oZHlr). olo] mtet AgAls BFB
AT G4 BN 2L ABE FHoE AAS WU 19
232 Fobzom 354 % 304 ol el Hejste
6730 wAyatol
BHeY SEALYRSAE L BAL S AA A

% 99k

r]o r-[n:

2,603 9] A7} EAYs oH, o] F 9357 0] AFgSte] A
ARgro] oF 36%] 2ttt A &4+ F 2,194%8(84.3%)> At
S-rjotetulotofl Al WSt o, 1 9 1270%9] FF=7}
oA MERS Hp7h ettt S-=uetell A= 20154
1857 9] MERS $A7} TAYsH3l o, o] & 2018d =9 &
A3 179 B2t BAEte] F 1868 9) FA7F HAYsEG . o
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35 557] $F<(Middle East Respiratory Syndrome,
MERS)& 555714 2 TAsh= 257 A9+l

@ M=Z0| &H & HE=27?

MERS 9434 A7t AW AgAe 9guey
SUAYRSAE L FRE B A5 Og AAS

FE319ck

@ AAEZ?

Ao giug MERS B AA 4 Z oy —E;Ej_—%
MERS 2A8A} & HAA A8z 7t S71ekSof
anyo=w g 4 Slqlth

% 38%0] AFgste] Ul MERS AAR-S 20.4%E
oH3l.

MERS®] 9 A2 A 27FA7F Aot A¥Al= HE
oA AFFo 2 ZEE Zolal, FHA L AlolA Ao R
ZA=E AoltH4 5. o] i et F2 gy ot 4%
Yo A AFFC 2 MERS7F Aupe Ao A= AA7HA] Hir
A& goroy, AEYEl: MERSS ATHA| A 7540l Q)
o= Bu7b Qoh6). 20224 5% A YGo]A MERS A=
< 890 At o, o] F ARp-HoftH|otof A 57, 71E
204 2, QoA 19o] HAYst Tt AR-t]oletu]oto
A e 5 9] Bt BE ARE 7F Hmbrt obd dAE o
2 gdE 1 gloy, 7iet2 el Quto) A vhAst 37 9] 329
3% A dereke] HE o] QlolrH2,7.8].

2022 FIFA 7}et2 9=342 202249 1149 20¥00 743
A% 3712 wREY
th. 2022'd°] MERS $AL7F A3 7het20]7]o] e
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o uteh MERS |4J41 17 S0 w35 MERS 84 44
Al 87k TAHS] TR AYsioich. 129 180l A
LA AX T AstxANES HALO R MERS 4%30)E
BT
ZhHog AgAe Ayney SEALYGSAEE
Aot 71zl
1330% 413

MERS 94 3kx47k
AALE BAAS A

MERS d-3 AAE =
13395 &3 A1E shd
e ol dgstye. o
o AEAlo] A £FE 8305k, AEAlAE Atz

£ EUl& MERS AAF E 23 AR ofd A S wdslo]
B4 FAlstelct. 341 2 ANE HgoE HALE o
T 235 Aol &= AAYS. stAT, 1149 14
YR E 1339014 MERS QA48 A7t F4Ed, Ay
2% SEIAYASAE AN T AZA] AT F4= AFFE
adEoH, 129 29REHE A3 GA] £ R
of MZAlo] AlFste] BaaoA dotzit AE 7] A
MERS 41120 Bt EH[E 2 4 AFUHTH 1.

ol AFE S MEAI A H seddYHSAl
E7} =43 MERS H& AA 9 avns EAstA sHAt
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2| d A R R o , o
(1339) oedd oo MEA » o HAL EEREE
M3 g SBLZAA A AR S5 RCCEEE
YAMHER 2
B
MERS 9|d&tap
o =as
' |
2y HE2|Z _._MlE £l He Ha =5 Rk | = . .
(159) 1 anag Elﬁﬁg—r;g MelEF “Egi-lg gy 72 1. Middle East Respiratory
l | Syndrome (MERS) tS u 744
H2A (AT} ;(B)—J MERS 2|4 82} A
g &7 g1 ¥t
3. #HE MERS [HS HAIQ| &1t 24 7
7% MERS H-3AA7F &5 20229 124 2¢9 714
S A% BALO|N st ANE ALAo] BuF A7 7
&o
BE A4 e A7) Aol EAsttt. shAgL,
5 -
12 1€9= MERS 2H8A} 41317} §lof 1282 E7|51A
t}.
0 -
232t A2t 5-r1|’
4. E7 J8 2. 12¥ FA'E Middle East Respiratory Syndrome 9418+
- o

E7= unpaired Student’s t-test 2 Fisher's Exact tests
A& oH,
R (Posit)Z AH8-FA L.

Z+7}F Microsoft Office 15 Excel (Microsoft)x}

2 1

20224 129 ¥ 35719 MERS QA1 &A}7} LAY 51 T,
20224 12€ AAS MERS 9AeA = 13702 7}
Z wUoton 2WA Folk 117408 257 & 2479 24
SA7F 2HYEgT. o] Fol = 1170 WAIste] & 35719
MERS 24827} UATHH 2). Z3H 07 5t Fot 13]
ol/d9] MERS 2J48HA7F A5l om, ol o]d 197

1197H4] & 31719 MERS A& A7t H4H Ak

i
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okt (data not shown).
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25 - 40 IH <103
_ B 10-20 %
~ I 357002202 -
20 ™ 5
I E|_-J 30 A
< .
oo 151 < 25
A %:0 20 4 J8l 3. A-&A] Middle East Respi-
g 10 4 e 15 ratory Syndrome (MERS) TH-§ A
= = 7hg Bxo] W
L . R (A) 4121 MERS t-g A|7k2] W3} (B)
T X 54 AE&Al MERS t& A7H9] & st
0 . . 0 . . 57 Fisher's Exact test® A&, *p<
1-11¢ 12¢ 1-11¢ 12¢ 0.05

= 9 MERS 24 &4t 413 & 357 F 30712 10 oHif, 331

£ ol o] Al RFEEZ slo] A3 2L St

2022 FIFA 7}EF2 9Ego] AW 20224 1290l 3). B3, APH SEALHY Ao A AET Jne
MERS U842 AT 47 & Zohsheach 20229 1 EdE Al 250 g A%} weto] 7ksaA, @ Hol o)
ARE 11970 3 31719] MERS Q48 AT7h W55 AT oX|she MERS Al 25 QRS T2 AeX
glov}, 129 o B9t 3579 ATk YLEAHAY 2. SRANE Bee & 9k oS A7kl B9 MERSO] o
HEAOIHE MERS Q487 E28 A2 dlgsto] A4 ulsjof gtk Q140] SafA ol HE FadIUS 7154
Moz e £4]2 slglon ojag Y-S AuPaly & of qlrk. shAEh AR @ 79| MERS oJAIgA Al1o] 7

18

=AAY N SAE & TR =M MERS 4l Hgt -8 MERS &g Fgt2Ato] A e & gle A%ol%
e MEskieh O 23, MERS AT AT 7 25 oL, o ERRAREe] os) Al&stA Al 27 7F o) F
Fol e E7-skaL vhE AR 25771 755 Ark AAog, MERS AT & ti-3A A ) Ashs & A
71Z9] MERS A1 tf& W2 AMA|oH= MERS 41 o7 SjEshs Sl A 9] WS o o]l A&t
I oRE w2 gRIF 4= QlojA] BAAoA MERS 95tx AR &5F7F 7 SHAl BHEUH
AAE L2 5 A BRE AP 7€ e 7P 2 20229 A AANA LAYE MERS EA7F BE 12 7
@2 MERS 9% AezAlgo] b2 QF 5o Q8] 4 For wuHAY e dEe] I W, HE 3
&3 A BR7E ol A9, A B AAE & Aok 2 MERS ATe] 3t oJshy g o g ojof g
Aolth. A= 1458 119704 o5 31719 MERS o] o 20221 12€0] AP MERS 9J4ek4t 5 20%g°] 7Het
A AL F 5700 204 o) Akl £R/7F AAEA e, oF 25 HEsIlET, o] F 470l e FEEo] lglth. At
3AIZE o) AAE F9r=(17) ATt SHARE, MERS 411 o=, AAb o e 7t SISl AAE oA
of et & FHS MET o] F, AeAe ABHIH = A B i L AA 0% 5 F7HY bS]l Bastd
VARG 2R E At g AT AT oA of oS AA 873 dolls BAaioA JtRAME ALA]

g
g YRE Bz BAkd ot 29E Jlckele kg MERS B dskrAaelA RujFr] A7) dagtel o
ARHoR ML 20229 129 B F% iR FAT 5 glo] v]el WA ot BAlho]
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Analysis of the Effectiveness of the Middle East Respiratory
Syndrome Response System in Preparation for
the FIFA World Cup Qatar 2022

Euncheol Son"?", JiWoo Sim'f, Yoojin Park', Gasil Hong', In Sil Huh', Hwi-Won Lee'*

'Infectious Disease Control Division, Citizens’ Health Bureau, Seoul Metropolitan Government, Seoul, Korea,
’Department of Pharmacology, University of Ulsan College of Medicine, Seoul, Korea

ABSTRACT

Middle East Respiratory Syndrome (MERS) is a respiratory disease with a 36% case fatality rate. More than 2,600 cases
have occurred since its first report in 2012, with most patients having been identified in Saudi Arabia and other Middle
Eastern countries. We anticipated a surge in number of visitors to the Middle East around December 2022 for the FIFA World
Cup Qatar 2022. Accordingly, the Seoul Metropolitan Government and the Capital Regional Center for Disease Control
and Prevention of the Korea Disease Control and Prevention Agency (KDCA) established a system for sharing information
obtained during surveillance of suspected MERS cases. We hosted training programs on response protocols in cooperation
with 25 public health centers in Seoul. The number of suspected MERS reports was 35 in December 2022, which was more
than the total number that was reported during the first 11 months that year. Still, the response time to suspected MERS
cases decreased significantly: 30 out of 35 cases were processed within 10 minutes. Moreover, the number of suspected cases
required for laboratory testing also surged with the increase in contact with camels in Qatar. In December 2022, six cases
were submitted for laboratory diagnosis, which was twice as many cases as other months combined. In preparation for the
FIFA World Cup, we responded effectively to suspected MERS cases through training and improved response protocol via
collaborative efforts by the Seoul Metropolitan Government, the Capital Regional Center for Disease Control and Prevention of

KDCA, and public health centers in Seoul.

Key words: Middle East Respiratory Syndrome,; infectious disease control; Epidemiology; Surveillance; Republic of Korea

*Corresponding author: Hwi-Won Lee, Tel: +82-2-2133-7675, E-mail: hwiwon@seoul.go.kr
"These authors contributed equally to this study as co-first authors.

Introduction have been reported until December 2022. Thus far, 935 deaths
due to MERS have been reported, resulting in a fatality rate of

Middle East Respiratory Syndrome (MERS) is a respiratory approximately 36%. Among the reported cases, a majority of
illness caused by the MERS-coronavirus [1]. Since the first re- 2,194 (84.3%) occurred in Saudi Arabia; the illness has also

port of MERS in Jordan in April 2012, a total of 2,603 cases been reported in 12 other Middle Eastern countries [2]. In the

www.phwr.org Vol 16, No 31, 2023 1075
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Key messages
(D What is known previously?

Middle East Respiratory Syndrome (MERS) is a respi-
ratory infectious disease that occurs predominantly in
Middle Eastern nations.

(@ What new information is presented?

Immediately following reports of suspected MERS cas-
es, the Seoul Metropolitan Government and the Capital
Regional Center for Disease Control and Prevention of
the Korea Disease Control and Prevention Agency en-
gaged in information sharing, enabling a swift response.

® What are implications?

We were able to respond effectively to potential MERS
cases via improved training and response protocol, de-
spite the increased number of suspected cases after the
FIFA World Cup Qatar 2022.

Republic of Korea, 185 MERS cases were reported in 2015 fol-
lowed by an additional overseas case in 2018, resulting in a to-
tal of 180 cases; among these, 38 fatalities were recorded, indi-
cating a MERS fatality rate of 20.4% in the country [3].

There are two main routes of MERS transmission: The first
transmission route is from camels to humans, and the second
is from humans to humans [4,5]. Regarding the former, the
primary transmission sources are dromedary camels. Although
no case of MERS transmission from Bactrian camels to hu-
mans has been reported, there are indications that Bactrian
camels may also transmit MERS [6]. A total of eight MERS
cases were reported in the Middle East in 2022, of which five
were reported in Saudi Arabia, two in Qatar, and one in Oman.
All five cases in Saudi Arabia are considered primary infec-
tions, rather than human-to-human transmission, while three

patients in Qatar and Oman had contact with camels as well
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[2,7,8].

The FIFA World Cup 2022 was held in Qatar from No-
vember 20 to December 18, 2022. The global celebration at-
tracted many people from around the world to the Middle
Eastern host nation. Qatar is also where MERS cases have been
reported in 2022. Consequently, we took caution to prepare
and review the existing MERS response system in the Republic
of Korea in anticipation of the event. On November 24, the
Seoul Metropolitan Government conducted an extensive train-
ing program to respond to the emerging infectious disease.
The program included processing reports of suspected MERS
cases to implementing countermeasures upon confirmation
of MERS diagnosis. This was conducted in collaboration with
individuals in charge of the infectious disease response from
autonomous districts and related agencies. Subsequently on
December 1, the Seoul Metropolitan Government hosted a
MERS situation meeting for epidemiological investigation offi-
cers from 25 public health centers in autonomous districts.

Additionally, the Seoul Metropolitan Government and the
Capital Regional Center for Disease Control and Prevention of
the Korea Disease Control and Prevention Agency (KDCA) re-
vised the MERS response system. Previously, when a suspected
MERS patient reported through the 1339 hotline, the infor-
mation was relayed to respective public health centers and the
KDCA. Thereatfter, officers from public health centers would
conduct primary epidemiological investigation before refer-
ring to the Seoul Metropolitan Government for case classifica-
tion. Based on the primary report, the public health center sub-
sequently notified the KDCA of the results. As of November
14, 2022, the notification protocol was revised so that the
Capital Regional Center for Disease Control and Prevention

of KDCA can also notify the Seoul Metropolitan Government
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of a suspected MERS case detected through the 1339 hot-
line. Starting December 2, 2022, information collected at the
time of initial reporting is transmitted directly to the Seoul
Metropolitan Government. This enables prompt preparation
and response by the city’s epidemiological investigation team
in time for the arrival of epidemiological reports investigated
by the public health center personnels (Figure 1).

The objective of this study was to analyze the effectiveness
of the revised MERS response system conducted by the Seoul
Metropolitan Government and the Capital Regional Center for
Disease Control and Prevention of the KDCA. We also aimed
to determine the effect of the global sports event on the occur-
rence of suspected MERS cases by analyzing the epidemiologi-
cal characteristics of suspected MERS cases following the FIFA
World Cup Qatar 2022.

Methods

1. Study Subjects

A total of 66 individuals who were reported as suspected

A

Suspected MERS
cases

Report suspicious cases \

MERS cases in the city of Seoul during the year 2022 were in-

cluded in the analysis.

2. Data Collection
We collected epidemiological investigation reports by pub-
lic health centers on suspected MERS cases from January 1,

2022 and onward.

3. Analysis of the Revised MERS Response
System
We evaluated the difference in response time to health cen-
ter reports by the Seoul Metropolitan Government before and
after the revision of the MERS response system on December 2,
2022. We defined before as ‘January to November’ and after as
‘December,” and no reports of suspected MERS cases were re-

ceived on December 1, 2022.

4. Statistics
The unpaired Student’s t-test and Fisher’s exact test were

used to test the time difference between before and after the

KDCA call center ,| Public health _| Seoul Metropolitan Public health »  KDCA
(1339) center Government " center -
Transmit Transmit Notify Share case
report epidemiological reports & classification results classification results

request case classification

Suspected MERS
cases

Public health center

Report suspicious cases

' | f

KDCA call center Transmit Notify
(1339) epidemiological reports & classification

request case classification results

y I

Seoul Metropolitan
Government

Transmit
report
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Share case
classification

Figure 1. Before (A) and after (B)
revision of suspected MERS case

KDCA

classification algorithm
MERS=Middle East Respiratory Synd-

rome; KDCA=Korea Disease Control

results

and Prevention Agency.
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revision of the MERS response protocol. All analyses were per-
formed using Microsoft Office 15 Excel (Microsoft) and R

(Posit), respectively.

Results

A total of 35 suspected MERS cases were reported in
December 2022. The number of suspected cases was the high-
est in the first week of December 2022, in which 13 cases
were reported, followed by 11 cases in the second week; a to-
tal of 24 suspected cases were reported over a two-week pe-
riod. Thereafter, an additional 11 cases were reported, bring-
ing the total number of suspected MERS cases to 35 (Figure
2). Consequently, more than one suspected MERS case was

reported per day, on average, which is more than 31 suspected

154

10
5
AERE .

1st week 2nd week 3rd week 4th week 5th week

Number of suspected cases

Figure 2. The weekly number of suspected Middle East Respi-
ratory Syndrome cases in December 2022

MERS cases reported from January to November 2022 (data
not shown).

After the MERS response system was revised, the propor-
tion of immediate response (within ten minutes) after the re-
ceipt of epidemiological investigation reports by public health
centers in Seoul increased significantly. The average response
time by the Seoul Metropolitan Government, after receiving
epidemiological investigation results from public health cen-
ters, decreased from an average of 14 minutes from January to
November to an average of 4 minutes in December. The differ-
ence between the average response times was not significant.
However, an analysis of the distribution of response times re-
vealed that among 31 MERS reports received from January to
November, 13 were responded to within 10 minutes or less,
while 30 out of 35 cases in December were responded to with-

in 10 minutes or less (Figure 3).

Discussion

In December 2022, during the FIFA World Cup Qatar
2022, the number of reports of suspected MERS cases in-
creased substantially. A total of 31 suspected MERS cases were
reported from January to November, while 35 cases were re-

ported in December alone (Figure 2). Despite the surge in

A B
= 251 T 40 HE <10 min Figure 3. Changes in response
E EE 35 4 E lg(—)ZO_mm time and the distribution of Mid-
£ o€ =cumin ] .
ﬂfé 20 29 2 dle East Respiratory Syndrome
£ £ %qg) 301 (MERS) response by the Seoul
§ 3 15 23 254 Metropolitan Government
8.0 &) © (A) The change in average response
2§ w < 20 g ge resp
== 104 ?_ £ time of MERS by the Seoul Metropoli-
g:) S O a 15 1 .
Fo =8 tan Government. (B) The change in
= 2 5 - T E 2 107 distribution response time of MERS by
g L EE’ 5 the Seoul Metropolitan Government.
2 : . Qn 0 : Statistical analysis was performed
January to November  December January to November ~ December using Fisher’s Exact test. *p<0.05.
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the number of suspected MERS cases in December, the Seoul
Metropolitan Government was prepared to promptly en-
gage in MERS response. The city government also collaborat-
ed with the Capital Regional Center for Disease Control and
Prevention of the KDCA to revise the response protocol for a
more rapid case classification.

Before the revision of the MERS response protocol, epi-
demiological investigation officers at the Seoul Metropolitan
Government faced difficulties in identifying the status of epide-
miological investigation conducted by public health center per-
sonnels. As a result, city investigators would have to perform
case classification haphazardly following the sudden receipt of
suspected MERS case reports. The biggest disadvantage of this
method was potential delay in case classification, especially if
the MERS epidemiological investigation officer faced challeng-
es in promptly classifying cases due to performing other duties.
In fact, among the 31 suspected MERS reports received from
January to November, case classification was delayed by more
than 20 minutes in five cases, and by approximately 3 hours
in one case. However, through the reorganization of the meth-
od for responding to MERS reports, the Seoul Metropolitan
Government has successfully improved their response time
by taking into account the reports received from the Capital
Regional Center for Disease Control and Prevention of the
KDCA and the information obtained during the reporting pro-
cess while waiting for the epidemiological investigation results
from public health centers. Therefore, the Seoul Metropolitan
Government responded promptly by classifying 30 cases with-
in 10 minutes and 33 cases within 20 minutes, among 35 sus-
pected MERS cases in December 2022 (Figure 3). In addition,
since the primary assessments for case classification became

possible based on the information provided by the Capital

www.phwr.org Vol 16, No 31, 2023

Regional Center for Disease Control and Prevention of the
KDCA, it became more feasible to distribute cases among city
investigators. Hence, MERS case classification duties were al-
located among the epidemiological investigation officers at the
Seoul Metropolitan Government rather than relying solely on
one officer. The response time may have been reduced to some
extent due to the awareness of the need to prepare for MERS.
Furthermore, in one particular case of a suspected MERS re-
port, the designated MERS epidemiological investigation offi-
cer was unreachable; however, another epidemiological inves-
tigation officer was able to promptly classify the case. This con-
firms how the revision of the MERS response protocol trans-
formed the overall system from being less reliable to a more
stable and rapid process.

In 2022, all MERS cases reported worldwide were identi-
fied as primary infections or attributable to contact with cam-
els. This establishes “contact with a camel” as a strong epide-
miological association with the occurrence of MERS. Among
individuals reported as suspected MERS cases in December
2022, 20 individuals had visited Qatar, and four of these
individuals identified as having had contact with a camel.
Therefore, the number of suspected cases to be tested in-
creased, requiring additional responses, such as bed allocation
and sample transportation. Before the change in the response
system, history of contact with camels was unknown until
the public health center sent an epidemiological investigation
report to the MERS epidemiological investigation officer in
Seoul. Hence, proactive administrative measures, such as expe-
dited bed allocation and requesting the public health center to
conduct epidemiological investigation without delay were not
feasible. However, after the revision of the response protocol,

if a suspected MERS patient mentioned camel contact in the
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process of reporting through the 1339 hotline, this informa-
tion would be delivered directly to the epidemiological investi-
gation officer in Seoul, enabling them to prepare for quick case
classification and aforementioned measures.

The Seoul Metropolitan Government and public health
centers in Seoul prepared for the global soccer event by con-
ducting response training and situation meetings. Scenario-
based training sessions developed by the KDCA were used to
familiarize epidemiological investigation officers with the re-
sponse guidelines for Class I Infectious Diseases such as MERS.
It involved a review of the entire process from initial reporting
to epidemiological investigation method, case classification,
hospital bed allocation, personal protective equipments, and
patient transfer strategies. During subsequent video confer-
ences in December 2022 and January 2023, training sessions
involving MERS epidemiological investigation methods, case
classification, and hospital bed allocations were revisited. These
sessions and meetings greatly facilitated effective response
to the increased number of MERS suspected cases, ensuring
smooth operation despite the challenges.

As expected, the number of reports of suspected MERS
cases surged after the FIFA World Cup Qatar 2022. However,
the 25 public health centers in Seoul, the Seoul Metropolitan
Government, and the the Capital Regional Center for Disease
Control and Prevention of the KDCA were able to respond
promptly and effectively to these cases as a result of proactive

preparation and cooperation between these agencies.
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AzxAL @ 2Eg, @ ARLA,
El(target), ® 117993}, @
® AFA T2 77} 7]]) = ofof

® TAYTYIYA G4, 6
2 AR, 2en
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o, A T1E A QI E R A
o, EA1S Z2]Hdl(molybdenum, Mo), ZE(rhodium,
7[eE R Aol
m T2 Al, W[ZF(beryllium), W, Mo, Rh, Cu, 1]
i 71ekE SRR
FAAYGA Y AR YT FHEGo] 55,
@ FA, @ ARAL @ HE9, T1E @ AR #AIZFY
YEJofof Tt P41
system©. &2 J-EET}

Rh), A"l (tungsten, W), 12|31

—

Film/Screen, CR system, 12|11 DR

ATEE BAIS A5 &Y A &9
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HAEE o2 durEg o] F¢ 92, DAP, YALEHAFF

= Z A4 (exposure in-
FrEg ol 49 ¢ls, ESD, YAREH
-4 A% (average

7IHe A%

(entrance surface dose, ESD), 1
dex, EDE +EHY, &
1-Z(entrance surface exposure, ESE), -
glandular dose, AGD), 183 EIZ &5t} 3
g Egkol of2] 7HAd 7 TE 7]Ygett

ANGEE FEEE I 2 fEd 2R O &
A, @ #AF, @ 2AAZE, @ milli ampere second, ® &
ARoF7LE, A2 Z

EO

N"j

2+Z}), ® source to image receptor distance,
@ 12E H &, ® AsrEA o)A A" (automatic exposure
control system, AEC) J-&/F, @ F71gE, 181 © A
FHETE Z1dEolof iy, 0-©9] FE2 24 AAYEER
AA 7 w7 oA AREEIL e WES AAdshe A

= W AA|Ee A4z &4
He e AR 7d vd AFHET #2715 =
AL BE ST A0l 27| gH(Lur
ESD, ¥+ EI/8&9: ESD, ESE, AGD, %+ EI) %3 &
gttt dutE 9] B9 AECTT A8 H = AARE] HisiA

A= EWH(20%x20%20 em’)& A
=

o, g £AOR 2N

o,

9: DAP,

of Radiology (ACR) WS AREsto] 42 APt 1%
FFolA AGD 544> 4% ESDgtol AR, HH71S
& L2{sto] Al4tof| ofsf =&ttt
AutE g2 2of(5A E 10A)e A& RSt 2
ArotATt. Aob9] 7% skull anterior-posterior (AP), chest
1370 AARES

4ot GAFE] cervi-

(half value layer) &

posterior-anterior (PA), chest lateral (LAT) &
Soll S 2t o, 419 A9
cal spine AP, LAT, thoracic spine AP, LAT, lumbar spine
(L-Spine) AP, LAT?] 671l &5-& Hsto] & 19711 HARS Rl
EEESCE LS
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3. DRL HIOJE| 7% ¥ 24

AA71BO1A DRL AT BEE Seket g7 wo] $E
51o] DRL A2 Hheo 2 o) olm7|ge] Ax, 4% 4
B 97 39 $5E A4 10 BE 24 AES 7]
Qaieh. 2 ATHAE @) ofzA 2ol U AwHy 9
£ dlolg SRE A8 #7149 A% wEe 19 3
A,

A1 EE &5 4

)
iy
)

= DRL H|o]E]9] g2 o] 4] (outli-
er) A9 53 £ glojg HHo| o] FofZ|A] 2 YA (raw)

3 DRLE AASHATH2]. Hsto] AR 71U E
off Higt AR, G0 tiet HE 3 FF2A] it 4E 5

off mE A v E AR

2 9
durEg 2 829 =71 DRLE vHshy] 8] 3
2 A AFoAE F 45470 AmT|Ho s Y duEdy
g2 382ll, FEEFEA 13500 et Holg 7t £4= 3]

o 2AME Sm7|Ho] FE ExL IR AL 4

FEPEUo] 7%, L] 17%, 4 - Aelo] 76%, HF

FGAY FF AESEE YUl 10%, Sl 26%, 1
o] ¢o] 64%°]tt.
3_14- 71—0] O]

S dolg BAg A%, %2 %
%

o
5N
8
&
fu
N
Y
AL
rlo
N
filo
v
o
o)
|o
=)
=
Q.
o
8
g
o
o

AZE 1.40 mGyZ 7HE 2 #2 YeERT Ao 1049
7% hand PA ZAAHS] ESD7} 0.18 mGyE 7H§ ¥ g,
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abdomen AP7} 2.28 mGyE 7MY 2 32 Webich 17

ki

/3919] AL hand PA ZAF9] ESD7} 0.27 mGy= 7Fg &

rlo

<, L-Spine LATO] 8.49 mGyZ 7MY =2 &2 UEH

=

fHHd o] A9 ESD 8.40 mGy, AGD 1.56 mGy®] 2
7t =& H A

1=

39| 59 Aobeh 49l BEOIA B
oflo] b e e UElon, S, AFEWY

S0 ol A%S Uehiith, S4EY 94 LAY
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27.3 3.073 2.690 A

0515 ] 68.56 2

] 1.54 0.5

J8 3. AAZI#Y diagnostic re-
ference level (DRL) A} 255

(A) LHHE97g7]9] DRL 24} B (B)
S YA 9] DRL 24 B
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2, 9399 9% ¥ FA-E 5 DRL

ZANER ESD (mGy) DAP (mGy-cm?)
5A
Skull AP 1.01 515.30
Chest PA 0.32 405.82
Chest LAT 0.75 912.41
Abdomen AP 1.40 1,552.78
Pelvis AP 1.17 1,305.59
Shoulder AP 0.59 365.58
Humerus AP 0.39 526.63
Elbow AP 0.19 73.30
Hand PA 0.20 47.48
Hip Joint AP 1.07 1,163.78
Femur AP 0.60 733.31
Knee AP 0.26 162.67
Ankle AP 0.16 63.40
10A4]
Skull AP 1.59 803.52
Chest PA 0.47 613.36
Chest LAT 1.06 1,231.84
Abdomen AP 2.28 2,418.43
Pelvis AP 2.08 2,208.59
Shoulder AP 0.83 485.89
Humerus AP 0.66 881.18
Elbow AP 0.27 103.67
Hand PA 0.18 69.79
Hip Joint AP 1.90 1,961.77
Femur AP 0.97 1,152.94
Knee AP 0.42 256.08
Ankle AP 0.26 102.62
Nl
Skull AP 2.55 1,226.26
Chest PA 0.68 769.23
Chest LAT 1.55 1,592.29
Abdomen AP 3.80 3,645.52
Pelvis AP 3.70 3,337.34
C-Spine AP 1.36 588.44
C-Spine LAT 1.22 527.47
T-Spine AP 3.70 3,551.99
T-Spine LAT 5.86 5,574.46
L-Spine AP 4.83 4,653.46
L-Spine LAT 8.49 8,213.78
Shoulder AP 1.55 636.23
Humerus AP 0.93 912.15
Elbow AP 0.42 134.99
Hand PA 0.27 91.61
Hip Joint AP 3.22 2,079.74
Femur AP 1.88 1,489.55
Knee AP 0.73 314.57
Ankle AP 0.50 147.21

DRL=diagnostic reference level; ESD=entrance surface dose;
DAP=dose area product; AP=anterior-posterior; PA=posterior-
anterior; LAT=lateral; C-Spine=cervical spine; L-Spine=lumbar

spine; T-Spine=thoracic spine.
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E 3. & 99 diagnostic reference level
dAER HE(FH/RY) 3AH2® ESD (mGy) 3AHE 2 AGD (mGy)
CcC ACR phantom (4.2 cm/50%) 8.40 1.56

CC=craniocaudal: ACR=American College of Radiology; ESD=entrance surface dose; AGD=average glandular dose.

5e)

-+ A%

LR

X

A A9 9 Ymrd Fofl e dutEgEA

Y| B BYL, IAFIYA A 4TS

o

of

Aol 2772a(7%), SEHHl 66714(17%), ¥ - 2ol
28970 4(76%), 73 25T o] 14744
(10%), S&E Lol 35712(26%), ¥ - 2ol 86714:(64%)
ojtt. U 20194 AFoA = IRHEPFY A AESHS
o] 23704(22%), SEHEE] 51704(50%), B - o]
29704:(28%), FHEFEA Y B S5
(16%), &l 97714(56%), 3 - o] 50714:(28%)
£ d4oz 24o] olFFTH3, 4. AFETE LT T¢EY
9 gE7|HoA e PN AFe 9 XA 35} 3}
Aol digt 78 AEY Qo] AF oz W - JAFe] 9=
713 Hel] £& Ao AAE, TA HEHF By

Y A2d =Y D GHELL PO I AN 249 7]

o,
1o
oM,
o o
ox,

)

o] 29714

27139 $8E vle] 157 ojele Aol Uit B, o
2713014 A7} BolL olFo] s 71w B &
o DRL ZAHE A48 53] gl @Alo] gl ofo] met 41

Y A7t AUV =@ FE HEol Aorh AR

=

www.phwr.org Vol 16, No 31, 2023

o, APATEY JiHog 1 - UF9] HolH 7}t Bol &
FE AT A¥tA o = o] DRLY ¥lwste] & A 2
oA F7F & B A, AHHLRE 1 - U7 9
7|04 B HAMIARE-O] A8t/ XA 5tof| Hijh Ql4]o]
FES Aol IEHAS Ao AAHY wEs 25 4
Aoz o]z 7| tigt JRTA AREQ] At 9
2|5}, DRLO| &-87oty} Bedet §H 9l wso] HiEA] E8
s Ao= HQlth

5% DRLZ 734150l QlojA= A4 94 84S et o
0] 585ttt vl A= ACR
dex registryZHe H7HAFALAE 2Foka Jlom,
2% (computed tomography)oll 4] 928 tA|E
4l #F(Digital Imaging and Commnunications in Medicine,
DICOM) Dose Structured ReportE 7|RFO.2 AZFFH IS
Sto] glofefH|o] A%} skl QItH9]. ARFEY
2 R0l QoA F4o] DICOM Headeroll AR,
FAfoF HA | FAMAFEL 5o] on] 7]FE L ATt wEhA
u]=o] -9 Zo] FUol A% %7F DRLEZ RARSH= H %l
ol AA| S4¥} ¥ysto] 7HIFTAGATE 29E - A==

SAAE Zolok T Aojekn et

AEoz 2%

Declarations

Ethics Statement: Not applicable.

Funding Source: Korea Disease Control and Prevention
Agency, Policy research service project (20220407 A2B-00).
Acknowledgments: We would like to thank all the inspec-

tion attendants of the inspection agency who conducted the

1089


http://www.phwr.org

PHWR

DRL investigation on site and the medical institution officials

who responded to the investigation.

Conflict of Interest: The authors have no conflicts of inter-

est to declare.

Author Contributions: Conceptualization: YSY, JWG,

BYL. Data curation: YSY, HMP. Formal analysis: YSY,

HMP. Funding acquisition: YSY. Investigation: YSY, HMP.

Methodology: YSY, HMP. Project administration: JHW,

SKS, JWG. Resources: YSY, HMP. Software: JHW, SKS.

Supervision: JWG, BYL. Validation: YSY. Visualization:

HMP. Writing — original draft: HMP. Writing — review &

editing: YSY, JHW, JWG.

References

1.

International Commission on Radiological Protection.
Recommendations of the International Commission on
Radiological Protection. International Commission on Ra-
diological Protection; 2007.

Vaio E, Miller DL, Martin CJ, et al. Diagnostic reference
levels in medical imaging. International Commission on
Radiological Protection; 2017.

1090

3. Korea Disease Control and Prevention Agency. Guideline

for diagnostic reference levels: general radiography. Korea
Disease Control and Prevention Agency; 2019.

. Korea Disease Control and Prevention Agency. Guideline

for diagnostic reference levels: mammography. Korea Dis-
ease Control and Prevention Agency; 2019.

. Ministry of Health and Welfare. Ordinance of Ministry of

Health and Welfare No. 924, Rules on the Safety Manage-
ment of Diagnostic Radiation Generator [Internet]. Minis-
try of Health and Welfare; 2022 [cited 2023 Feb 5]. Avail-
able from: https://www.law.go.kr/%EB%B2%95%EB%A0%
B9/%EC%A7%84%EB%8B%A8%EC%IA%AI%EB%B0O%A
9I%EC%82%ACHEC%84%A0%EB%BO%ICUEC%83%ID
WBECHIENASHECHBINISHECHID%ISHEC%HI5%EE8%E
C%A0%84%EA%BA%BO%EBN ACHACKHEC%IT%IO%EA
%B4%80%ED%95%9C%EA%B7%ICHEC%BI%99

. Park HM. Study on future oriented medical radiation

safety management [dissertation]. Korea University; 2021.
Kim HJ, Gil JW, Lee BY, Lee HK. Status of diagnostic
X-ray equipment in the Republic of Korea, 2020. Public
Health Wkly Rep 2021;14:3329-36.

. Korea Disease Control and Prevention Agency. Medical ra-

diation safety management manual in 2021. Korea Disease
Control and Prevention Agency; 2021.

. Yoon SW. Expanding of establishment of national dose

management system for CT examination. Cheongju: Korea
Disease Control and Prevention Agency; 2023 Feb. Report
No.: 11-1790387-000738-01.

www.phwr.org Vol 16, No 31, 2023


http://www.phwr.org
https://www.icrp.org/publication.asp?id=ICRP Publication 103
https://www.icrp.org/publication.asp?id=ICRP Publication 103
https://www.icrp.org/publication.asp?id=ICRP Publication 103
https://www.icrp.org/publication.asp?id=ICRP Publication 103
https://www.icrp.org/publication.asp?id=icrp publication 135
https://www.icrp.org/publication.asp?id=icrp publication 135
https://www.icrp.org/publication.asp?id=icrp publication 135
https://www.lungkorea.org/bbs/?number=9635&mode=view&code=notice02&keyfield=&keyword=&category=&gubun=&orderfield=
https://www.lungkorea.org/bbs/?number=9635&mode=view&code=notice02&keyfield=&keyword=&category=&gubun=&orderfield=
https://www.lungkorea.org/bbs/?number=9635&mode=view&code=notice02&keyfield=&keyword=&category=&gubun=&orderfield=
https://www.lungkorea.org/bbs/?number=9635&mode=view&code=notice02&keyfield=&keyword=&category=&gubun=&orderfield=
https://www.lungkorea.org/bbs/?number=9635&mode=view&code=notice02&keyfield=&keyword=&category=&gubun=&orderfield=
https://www.lungkorea.org/bbs/?number=9635&mode=view&code=notice02&keyfield=&keyword=&category=&gubun=&orderfield=
https://www.law.go.kr/%EB%B2%95%EB%A0%B9/%EC%A7%84%EB%8B%A8%EC%9A%A9%EB%B0%A9%EC%82%AC%EC%84%A0%EB%B0%9C%EC%83%9D%EC%9E%A5%EC%B9%98%EC%9D%98%EC%95%88%EC%A0%84%EA%B4%80%EB%A6%AC%EC%97%90%EA%B4%80%ED%95%9C%EA%B7%9C%EC%B9%99
https://www.law.go.kr/%EB%B2%95%EB%A0%B9/%EC%A7%84%EB%8B%A8%EC%9A%A9%EB%B0%A9%EC%82%AC%EC%84%A0%EB%B0%9C%EC%83%9D%EC%9E%A5%EC%B9%98%EC%9D%98%EC%95%88%EC%A0%84%EA%B4%80%EB%A6%AC%EC%97%90%EA%B4%80%ED%95%9C%EA%B7%9C%EC%B9%99
https://www.law.go.kr/%EB%B2%95%EB%A0%B9/%EC%A7%84%EB%8B%A8%EC%9A%A9%EB%B0%A9%EC%82%AC%EC%84%A0%EB%B0%9C%EC%83%9D%EC%9E%A5%EC%B9%98%EC%9D%98%EC%95%88%EC%A0%84%EA%B4%80%EB%A6%AC%EC%97%90%EA%B4%80%ED%95%9C%EA%B7%9C%EC%B9%99
https://www.law.go.kr/%EB%B2%95%EB%A0%B9/%EC%A7%84%EB%8B%A8%EC%9A%A9%EB%B0%A9%EC%82%AC%EC%84%A0%EB%B0%9C%EC%83%9D%EC%9E%A5%EC%B9%98%EC%9D%98%EC%95%88%EC%A0%84%EA%B4%80%EB%A6%AC%EC%97%90%EA%B4%80%ED%95%9C%EA%B7%9C%EC%B9%99
https://www.law.go.kr/%EB%B2%95%EB%A0%B9/%EC%A7%84%EB%8B%A8%EC%9A%A9%EB%B0%A9%EC%82%AC%EC%84%A0%EB%B0%9C%EC%83%9D%EC%9E%A5%EC%B9%98%EC%9D%98%EC%95%88%EC%A0%84%EA%B4%80%EB%A6%AC%EC%97%90%EA%B4%80%ED%95%9C%EA%B7%9C%EC%B9%99
https://www.law.go.kr/%EB%B2%95%EB%A0%B9/%EC%A7%84%EB%8B%A8%EC%9A%A9%EB%B0%A9%EC%82%AC%EC%84%A0%EB%B0%9C%EC%83%9D%EC%9E%A5%EC%B9%98%EC%9D%98%EC%95%88%EC%A0%84%EA%B4%80%EB%A6%AC%EC%97%90%EA%B4%80%ED%95%9C%EA%B7%9C%EC%B9%99
http://www.riss.kr/link?id=T15944502
http://www.riss.kr/link?id=T15944502
https://www.phwr.org/journal/archives_view.html?eid=Y29udGVudF9udW09MjM0
https://www.phwr.org/journal/archives_view.html?eid=Y29udGVudF9udW09MjM0
https://www.phwr.org/journal/archives_view.html?eid=Y29udGVudF9udW09MjM0
https://www.law.go.kr/법령/진단용방사선발생장치의안전관리에관한규칙/(00802,20210630)
https://www.law.go.kr/법령/진단용방사선발생장치의안전관리에관한규칙/(00802,20210630)
https://www.law.go.kr/법령/진단용방사선발생장치의안전관리에관한규칙/(00802,20210630)
https://www.prism.go.kr/homepage/entire/researchDetail.do?researchId=1790387-202200077&menuNo=I0000002
https://www.prism.go.kr/homepage/entire/researchDetail.do?researchId=1790387-202200077&menuNo=I0000002
https://www.prism.go.kr/homepage/entire/researchDetail.do?researchId=1790387-202200077&menuNo=I0000002
https://www.prism.go.kr/homepage/entire/researchDetail.do?researchId=1790387-202200077&menuNo=I0000002

PHWR

Korean Diagnostic Reference Level for General Radiography and
Mammography in 2022

YongSu Yoon', HyeMin Park?, JongHun Won?®, SeungKi Song®, JongWon Gil?, ByeongYoung Lee®*

'Department of Radiological Science, Dongseo University, Busan, Korea,
“Department of Radiology, Masan University, Changwon, Korea,
®Division of Medical Radiation, Bureau of Healthcare Safety and Immunization,
Korea Disease Control and Prevention Agency, Cheongju, Korea

ABSTRACT

There are no specific limits on patient dose for medical radiation. However, optimizing patient dosage is crucial, and
diagnostic reference levels (DRLs) serve as valuable tools for this purpose. DRLs can be set at the national, regional, or
institutional level, and regular revisions are recommended. In the Republic of Korea, the Korea Disease Control and Prevention
Agency (KDCA) provides national DRLs. This study aimed to derive updated national DRLs for general radiography and
mammography through a nationwide survey conducted in 2022. To derive this, a research method was designed to collect
data from diagnostic radiation generator inspection institutions. The research team organized and analyzed these data. Data
for DRL derivation were collected from four inspection institutions registered with the KDCA, resulting in a larger dataset
compared to previous studies. Particularly, a large amount of data from hospitals and clinics was included to ensure that the

derived DRLs reflect the current reality. By maintaining this research method, future nationwide surveys on DRLs are expected

to be conducted more easily and with greater diversity.

Key words: Radiography; Mammography; Diagnostic reference level; Patient dose; Optimization

*Corresponding author: ByeongYoung Lee, Tel: +82-43-719-7511, E-mail: Ikd@korea.kr

Introduction

For diagnosis and treatment of diseases, patient dose for
medical radiation are not limited. In general, the “as low as
reasonably achievable” (ALARA) principle is implement-
ed to moderate the radiation dose to which patients are ex-
posed. ALARA is commonly achieved through justification
and optimization [1]. Justification, mainly done by physi-

cians, is defined as the process of determining that radiological

www.phwr.org Vol 16, No 31, 2023

examination is essential for the diagnosis and treatment of a
patient’s disease [1]. The patient dose is determined by ex-
amining the conditions (e.g., voltage, current, and irradiation
time) required for the irradiation process. Therefore, once jus-
tified, these conditions should be optimized for each type of
imaging method. During the optimization process, a diagnos-
tic reference level (DRL) is commonly used [2].

A DRL is a tool recommended by the International

Commission on Radiological Protection and the International
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Key messages
(D What is known previously?

Patient dosage should be optimized following the “as low
as reasonably achievable” principle. To achieve this, di-
agnostic reference levels (DRLs) are established. DRLs is
internationally recommended to periodically revising.

@ What new information is presented?

This study enhanced the investigation method for DRLs
compared to previous research. It collaborated with in-
spection institutions to collect a large dataset of 517 gen-
eral radiography and mammography equipment. This
approach significantly increased the reliability of the sta-
tistical analysis used to derive the DRLs.

(® What are implications?

Continuous active promotion through DRLs are neces-
sary for achieving patient dose optimization.

Atomic Energy Agency for the optimization of medical radia-
tion exposure [2]. The DRL is regularly reported through sur-
veys and dosimetric analysis in many countries and regions
worldwide.

Typically, the DRL for each imaging method is set at the
third quartile values (75%) of data from survey results. The
concept of a DRL is different from dose constraint, which
limits individual radiation exposure for preventive purposes
through source-centered assessment, or a dose limit that must
not be exceeded to ensure patient safety. The DRL is not a set
limit on medical radiation exposure for diagnosis and treat-
ment, but “a reference value” that is used for the optimization
of radiation doses [2].

Facilities that use radiation doses exceeding the DRL are
asked to revise their dose optimization. In contrast, facilities

that use radiation doses much lower than the DRL need to
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assess whether the radiographic images acquired at that level
provide useful diagnostic information.

Periodically, information on the concept and utilization of
DRL, justification of radiation treatment for the improvement
of public health, and optimization of radiation doses need to be
provided to medical staft and related researchers in radiology.

Accordingly, national DRLs are set by many nations world-
wide as a basis for the optimization of radiation doses to pa-
tients. In the Republic of Korea, DRLs have been set for chest
radiography and mammography in adults in 2007, and na-
tional DRLs have been prepared for different types of radiogra-
phy [3,4]. In 2017 and 2018, studies have been conducted to
set national DRLs for general radiography and mammography
in both children and adults. Subsequently, in 2019, the Korea
Disease Control and Prevention Agency (KDCA) published
guidelines for DRLs. In these studies and guidelines, general
radiography included imaging of the head, chest, abdomen,
spine, pelvis, and extremities [3,4].

This study investigated and organized data on radiation
doses to patients in Korean medical institutions in 2022 and
presents a new national DRL for general guidelines on radi-
ography and mammography that can be used for the optimi-
zation of examination conditions and radiation doses to pa-
tients. In particular, this study investigated DRLs by using a
novel method. Previously, a single research team conducted all
steps to establish DRLs. In our study, to increase the reliability
of DRLs through more extensive data collection, two separate
teams were involved: the DRL investigation method estab-
lishment and data analysis team and the on-site investigation
team. Using this novel survey method, data were collected and

analyzed to propose new national DRLs.
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Table 1. Status of diagnostic radiography equipment inspection institution (as of November 17, 2022)

Registration No.

Institution name

Location

Inspection 22-1
Inspection 22-2
Inspection 22-3
Inspection 20-1
Inspection 20-2

Army Unit 2879 (self-inspection) -
Korea Institute of Medical Technology
Korea Institute of Medical Device Assistant
Korea Institute of Testing & Examination

Central Technology Inspection Institute

Jungnang-gu, Seoul
Bundang-gu, Seongnam-si
Bundang-gu, Seongnam-si
Buk-gu, Daegu

Methods

1. Diagnostic Radiation Equipment Inspection and

DRL Investigation Procedures

The “Rules on safety management of diagnostic radia-
tion equipment,” an ordinance of the Ministry of Health and
Welfare under Article 37 of the Medical Act, stipulate matters
necessary to prevent potential harm to patients and radiation-
related workers and to promote adequate medical treatment
by safely managing diagnostic radiation equipment (DRE) in-
stalled and operated by medical institutions [5].

As per the rules, the founder or manager of a medical insti-
tution must undergo DRE inspection by an inspection agency
before using DRE and every subsequent 3 years [5,6]. The in-
spection agencies are certified and registered with the KDCA.
As shown in Table 1, a total of five inspection agencies are
currently in operation in the Republic of Korea. Of these, four
agencies, excluding the ROK Army Unit 2879, have branches
nationwide to conduct inspections at all medical institutions
that use DRE [7,8].

The founder or manager of a medical institution who wish-
es to inspect a DRE must apply for inspection to the head of
the inspection agency. The agency that receives the applica-
tion must issue an inspection report to the applicant after con-
ducting an inspection. Then, the results must be submitted to

the Director of the KDCA within 1 month from the date of
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Providing feedback on the
newly derived DRL for the

respective medical institution KDCA-division of
medical radiation

Medical institution
owner or administrator

. Request for Derive the newly DRL and
Inrse%icensl:n cooperation in transfer feedback data for
DRL survey medical institution

S Data analysis tea
Inspection institution yh t
DRL survey data transfer (OUI’ researc eam)

Figure 1. Flowchart of national DRL investigation in this study
DRL=diagnostic reference level; KDCA=Korea Disease Control and
Prevention Agency.

inspection or evaluation [5,8].

This policy study was designed to conduct DRE inspec-
tion and dosimetry simultaneously for DRL investigation to
increase the accuracy and data collection efficiency of national
DRLs. A total of four inspection agencies, excluding one agen-
cy that conducts self-inspection, participated in this study and
conducted an on-site investigation of DRLs.

DRL investigation processes used in this study are shown
in Figure 1. When the founder or manager of a medical institu-
tion applied for DRE inspection, the inspection agency request-
ed cooperation in DRL research. Once the medical institution
of interest accepted the request, an additional DRL investiga-
tion was conducted after the DRE inspection. Then, the inspec-
tion agency provided the collected data to the research team,
which were then analyzed to establish new national DRLs for
general radiography and mammography. Additionally, to pro-
vide adequate feedback to the medical institutions that coop-
erated in this study, feedback data that included a comparison

between the derived DRL and measured values were provided
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to each medical institution.

2. Development of Survey for DRL Data
Collection
Through discussions with inspection agencies that conduct
on-site investigations, a data collection survey form was devel-
oped to derive new national DRLs. The survey consisted of four

main areas: medical institution information, DRE information,

image-processing equipment information, and imaging infor-
mation per inspection item (Figure 2).

Information regarding the medical institution included the
region, type of medical institution, presence of a dose man-
agement system owned by the medical institution, number of
general radiography instruments, number of mammography
instruments, and number of image processing devices. Regions

were divided into Seoul, Incheon, Gyeonggi-do, Gangwon-do,
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Figure 2. Developed survey form for diagnostic reference level investigation
(A) Medical institution information entry items. (B) General radiography and mammography equipment information entry items. (C)

Image processing device information entry items. (D) Exposure condition and dose information for each examination protocol in general

radiography and mammography. CR=computed radiography; DR=digital radiography: DAP=dose area product; DRL=diagnostic reference level;

ESD=entrance surface dose; AP=anterior-posterior; PA=posterior-anterior; LAT=lateral; SID=source to image receptor distance; AEC=automatic

exposure control system; Mo=molybdenum; Rh=rhodium; Al=aluminum; Cu=copper; AGD=average glandular dose; HVL=half value layer;

mAs, milli ampere second.
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Chungcheong-do, Jeolla-do, Gyeongsang-do, and Jeju-do. The
type of medical institution was classified into tertiary general
hospital, general hospital, and hospital/clinic. The presence of
a dose management system owned by the medical institution
was answered as yes or no, and image-processing equipment
was classified into Film/Screen, computed radiography (CR)
system, and digital radiography (DR) system.

General radiography equipment information included the
manufacturer, model name, date of manufacture, type of high
voltage generator, inherent filters, recent equipment inspection
results, and presence of dose area product (DAP). The type of
high voltage generator was divided into single-phase generator,
three-phase generator, and inverter. Inherent filters evaluated
the type of equipment filtering material, such as aluminum (Al)
or copper (Cu) in units of mm. Recent equipment inspection
results were indicated as “passed” or “failed,” and in the case
of a failure result, the failure item was specified. The purpose
of this item was to ensure the reliability of the data collected in
this study, based on findings that dose reproducibility is a suit-
able inspection item [5,6]. The presence of DAP was answered
as yes or no. If a DAP was available, the value measured by the
DAP was also recorded. In contrast, if a DAP was not available,
but the DAP value was displayed on the console, the indicated
value was recorded to determine whether the value was mea-
sured or derived by the manufacturer after calculations.

Mammography equipment information included the name
of the manufacturer, model name, date of manufacture, type
of high voltage generator, target, inherent filters, recent equip-
ment inspection results, and attachment of a dosimeter. The
type of high-voltage generator was divided into a single-phase
generator, three-phase generator, and inverter, and the target

was divided into molybdenum (Mo), rhodium (Rh), tungsten
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(W), and others. Inherent filters were divided into Al, beryl-
lium, W, Mo, Rh, or Cu, in units of mm.

Image-processing equipment information included the
same information as for general radiography and mammogra-
phy equipment: type, name of the manufacturer, model name,
and dose information. The type of image-processing equip-
ment was classified into Film/Screen, CR system, and DR sys-
tem. Dose information referred to the value displayed on the
console during imaging. Dose information was classified into
none, DAP, entrance surface dose (ESD), and exposure index
(EI) for general radiography, and none, ESD, entrance sur-
face exposure (ESE), average glandular dose (AGD), and EI for
mammography. When several values of dose information were
displayed, all values were recorded, in plural.

Both general radiography and mammography required the
following imaging information for each inspection item: tube
voltage, tube current, irradiation time, mAs, irradiation field
(horizontal and vertical), source-to-image receptor distance,
grid ratio, automatic exposure control system, an additional fil-
ter, and dose information. The first nine items were values that
were used in the medical institutions for each inspection item,
while dose information was defined as the value measured by
the dosimeter used by the inspection agency under the imaging
conditions. If the dosimeter displayed the dose information,
both the measured and displayed values (general radiography:
DAP, ESD, or EI; mammography: ESD, ESE, AGD, or EI) were
recorded. For general radiography, items to which automatic
exposure control (AEC) was applied were measured using a
water phantom (20x20x20 ¢m®) owned by the inspection
agency. For mammography, items to which the AEC was ap-
plied were measured using the American College of Radiology

(ACR) phantom. In mammography, the measured AGE value
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was calculated using the measured ESD value, irradiation time,
and half-value layer.

General radiography was further specified into two types
for pediatrics (age: 5-10 years) and adults. In pediatrics, 13
test types, including skull anterior-posterior (AP), chest poste-
rior-anterior (PA), and chest lateral (LAT) views, were investi-
gated. In adults, 19 test types, including the 13 test types used

in pediatrics and, additionally, cervical spine (C-Spine) AP and

LAT, thoracic spine (T-Spine) AP and LAT, and lumbar spine
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(L-Spine) AP and LAT views, were investigated.

3. DRL Data Collection and Analysis

The inspection agencies visited medical institutions that
agreed to cooperate in DRL research. Using the survey form,
medical institution information, DRE information, examina-
tion conditions by imaging type, and measured dose values
were recorded. As shown in Figure 3, the research team visited

the sites regularly to assess potential on-site difficulties and to

3.073

0.515 I 68.56 2

] 1.54 05

Figure 3. Diagnostic reference level
(DRL) investigation process of the
inspection institutions

(A) DRL investigation process for
general radiography equipment. (B)
DRL investigation process for mam-

mography equipment.
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secure consistent data.

DRL values collected through the inspection agencies were
raw data that had not undergone processing, such as the exclu-
sion of outliers. To obtain accurate DRL statistical results, data
statistics and comparative analysis were conducted by a statisti-
cal analysis expert. The minimum, maximum, mean, median,
and third quartile values were derived from the distribution of
the measured dose values for each imaging type. Among these
values, the third quartile values were selected as DRLs for dif-
ferent imaging types [2]. Additionally, doses were compared
by medical institution information, DRE information, and im-

aging conditions acquired from the survey form.

Results

In this study, conducted to establish national DRLs for
general radiography and mammography, data on 382 general
radiography and 135 mammography instruments were col-
lected from 454 medical institutions. DRE distribution by the
type of medical institution was as follows. Approximately 7%,
17%, and 76% of general radiography instruments were in ter-
tiary general hospitals, general hospitals, and hospitals/clinics,
respectively. For mammography instruments, 10%, 26%, and
64% were in tertiary general hospitals, general hospitals, and
hospitals/clinics, respectively.

As shown in Tables 2 and 3, analysis of the collected data
allowed the derivation of national DRLs for different imaging
types in general radiography and mammography. The results
for general radiography were as follows. In pediatric radiog-
raphy of 5-year-old patients, ankle AP imaging had the low-
est ESD value of 0.16 mGy, while abdomen AP imaging had

the highest ESD value of 1.40 mGy. In pediatric radiography
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Table 2. DRL for general radiography

Protocol ESD (mGy) DAP (mGy-cm?)
5-year-old
Skull AP 1.01 515.30
Chest PA 0.32 405.82
Chest LAT 0.75 912.41
Abdomen AP 1.40 1,552.78
Pelvis AP 1.17 1,305.59
Shoulder AP 0.59 365.58
Humerus AP 0.39 526.63
Elbow AP 0.19 73.30
Hand PA 0.20 47.48
Hip Joint AP 1.07 1,163.78
Femur AP 0.60 733.31
Knee AP 0.26 162.67
Ankle AP 0.16 63.40
10-year-old
Skull AP 1.59 803.52
Chest PA 0.47 613.36
Chest LAT 1.06 1,231.84
Abdomen AP 2.28 2,418.43
Pelvis AP 2.08 2,208.59
Shoulder AP 0.83 485.89
Humerus AP 0.66 881.18
Elbow AP 0.27 103.67
Hand PA 0.18 69.79
Hip Joint AP 1.90 1,961.77
Femur AP 0.97 1,152.94
Knee AP 0.42 256.08
Ankle AP 0.26 102.62
Adult
Skull AP 2.55 1,226.26
Chest PA 0.68 769.23
Chest LAT 1.55 1,592.29
Abdomen AP 3.80 3,645.52
Pelvis AP 3.70 3,337.34
C-Spine AP 1.36 588.44
C-Spine LAT 1.22 527.47
T-Spine AP 3.70 3,551.99
T-Spine LAT 5.86 5,574.46
L-Spine AP 4.83 4,653.46
L-Spine LAT 8.49 8,213.78
Shoulder AP 1.55 636.23
Humerus AP 0.93 912.15
Elbow AP 0.42 134.99
Hand PA 0.27 91.61
Hip Joint AP 3.22 2,079.74
Femur AP 1.88 1,489.55
Knee AP 0.73 314.57
Ankle AP 0.50 147.21

DRL=diagnostic reference level; ESD=entrance surface dose;

DAP=dose area product; AP=anterior-posterior; PA=posterior-

anterior; LAT=lateral; C-Spine=cervical spine; L-Spine=lumbar

spine; T-Spine=thoracic spine.
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Table 3. DRL for mammography

Protocol Phantom (thickness/mammary gland)

3rd quartile ESD (mGy) 3rd quartile AGD (mGy)

CcC ACR phantom (4.2 cm/50%)

8.40 1.56

CC=craniocaudal: ACR=American College of Radiology: ESD=entrance surface dose; AGD=average glandular dose.

of 10-year-old patients, hand PA imaging had the lowest ESD
value of 0.18 mGy, while abdomen AP imaging had the high-
est ESD value of 2.28 mGy. In adults, hand PA imaging had
the lowest ESD value of 0.27 mGy, while L-Spine LAT imag-
ing had the highest ESD value of 8.49 mGy. Mammography
showed an ESD value of 8.40 mGy and an AGD value of 1.56
mGy.

Radiation dose distribution was compared by the type of
medical institution. For general radiography, hospitals/clinics
showed the highest dose value for all types of imaging in both
pediatric and adult radiography, followed by general hospitals
and tertiary general hospitals. General mammography present-

ed a pattern similar to that of radiography.

Discussion

This study aimed to prepare DRLs for different imaging
types of general radiography and mammography, according
to patients’ age groups. Herein, we collected data on radiation
doses to which patients are exposed in medical institutions and
presented national DRLs that can be used for the optimization
of examination conditions and radiation doses, thereby estab-
lishing data that can be used to prepare policies on medical ra-
diation safety management.

The biggest difference between our study and previ-
ous studies on DRL, which have been updated periodically
by the KDCA, involved the DRL investigation method used.

In previous studies, a single research team investigated DRL
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suggestions (examination protocol), target equipment and re-
gion, distribution of equipment by type of institution, and do-
simetric measurements. In contrast, the research team of this
study established investigation items for DRL preparation and
dose measurement. On-site measurements at medical institu-
tions were conducted by DRE inspection agencies under the
on-site guidance of the research team. After the measurements
had been completed, the acquired data were statistically ana-
lyzed to present national DRLs.

Compared to the existing research methods, the most no-
table feature of this study was the considerable increase in the
number of measurements (number of medical institutions
surveyed nationwide: 454, number of general radiography
and mammography equipment: 517). The greater number of
samples analyzed in this study increased the reliability of the
results. Moreover, the DRE analyzed in this study satisfied the
inspection criteria that were per the regulations, further reduc-
ing the inaccuracy of measurement results caused by the qual-
ity control level of equipment. In the process of requesting,
receiving, and conducting DRE inspections, some difficulties
in obtaining cooperation for DRL investigation from medical
institutions were encountered, and many institutions tended to
have no prior knowledge about DRLs. However, the findings
of this study may help to widen efforts to optimize radiation
doses for patients and to spread information on DRLs, which
has mostly been available only to general hospitals and larger
hospitals, to more types of medical institutions in the Republic

of Korea. Therefore, it is expected that subsequent national
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DRL investigations may be more sophisticated and widespread
than previously.

The DRL suggested in this study generally tended to be in-
creased when compared with national DRLs conducted in the
Republic of Korea in 2017 and 2018 [3,4]. Such differences
may be attributed to the measurement methods used. The
findings of our study are substantial, as the greater sample size
has relatively higher representativeness. Herein, general radi-
ography and mammography equipment distribution, accord-
ing to the type of medical institution and region, was as fol-
lows: 27 (7%), 66 (17%), and 289 (76%) general radiography
instruments were located in tertiary general hospitals, general
hospitals, and hospitals/clinics, respectively, and 14 (10%), 35
(26%), and 86 (64%) mammography instruments were lo-
cated in tertiary general hospitals, general hospitals, and hos-
pitals/clinics, respectively. In a domestic study conducted in
2019, 23 (22%), 51 (50%), and 29 (28%) general radiography
instruments were found in tertiary general hospitals, general
hospitals, and hospitals/clinics, respectively, while 29 (16%),
97 (56%), and 50 (28%) mammography instruments were lo-
cated in tertiary general hospitals, general hospitals, and hospi-
tals/clinics, respectively [3,4]. Medical staff in tertiary general
hospitals and general hospital-level medical institutions are ex-
pected to have a relatively higher awareness of the justification
and optimization process of medical radiation use and conduct
more frequent periodic reviews of examination conditions
based on image quality, using radiation-exposure dose moni-
toring systems, than do those in hospitals/clinics.

In previous domestic studies on DRLs, the combined rate
of tertiary general hospitals and general hospitals was 72%
for general radiography [3] and 84% for mammography

[4]. Concurrently, in our study, the combined rate of tertiary
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general hospitals and general hospitals was 27% for general
radiography and 36% for mammography, indicating an in-
creased rate of measurements in hospitals/clinics. Initially,
when the ratio of the types of medical institutions was designed
for this study, we aimed to achieve a ratio similar to that of pre-
vious studies. However, as the target institutions were those
that requested equipment inspection, we encountered diffi-
culties in assessing the type of medical institution before the
investigation. Additionally, we had to ask for the cooperation
of medical institutions that requested inspections to conduct
a DRL investigation. As a result, our study differed markedly
from previous studies in terms of the type of medical institu-
tion included, and relatively more data from hospitals/clinics
were included in our study. The overall increase in DRLs in
our study as compared to those in previous findings may re-
flect the relative lack of awareness of radiation use justification
and optimization in hospitals/clinics. Therefore, future policies
must include education on the justification and optimization
of medical radiation use and the utilization of DRLs.

When reviewing DRLs in the future, clinical environment
settings should be reflected more realistically. In the US, the
ACR Dose Index Registry, a national dose registry, is available.
Dose information values are automatically extracted and stored
in a database using Digital Imaging and Communications in
Medicine (DICOM) structured reports of doses [9]. Data, such
as examination condition, irradiation field area, and radiation
dose, are recorded in the DICOM header of images for general
radiography and mammography [9]. Therefore, to establish
more refined national DRLs, a sophisticated response system
that measures radiation dose values during DRL investigation

must be prepared to establish a national dose index registry.
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£ A1E 20229 AEAAFZGA, AAED)NA A2l AR ES-19(E 2H9)E E1E SRR E AR 3 @t
ZEAINAE 22149 BT S RS whoteta, olg FACE F29 AR A 8 v ZAY 23S dHlsk] 9
A A= utdS B0 2 gk 20229 195 1297H4] AEA Z 219 BRAE 2,557,128, AFEAHE 3,283%0]9ith A
A GFA @ APGAE ool FAol Hgl thA &2 HFS AX St AFER FAAE 40-4941(14.3%, 365,3578)7F, AFGA
£ 80A] olFollAl 2,10378(64.1%, AEE 2.2%) 22 7S 2 HS-& AA|SIA L 604 ol4o] 3,125 0 & AA| AFgAEe] 95.2%
£ At A9EE A @ AFGAY] HF-S AAEET =4 vEsth Q1 108 ¥ FAELS - F A5 B
7t #A vdEhgou AEEL AAEEEIs FE)7E wkth A AFGA F 3,155%8(96.1%)°0 A4 71A-Agko] ERlE|glon, 9 7]
AAZo 2 S84 ARH63.4%), Al- &5 5 FAAR(36.6%), Bx - PAAAE 5 HEUA L HAEAT(29.6%) 2
2 =7 vehgth 20224 24E QU932 Wolk BA.19 13 §8(1.1.-3.19.), BA.29] 23 §8(3.20.-7.23.), BA.4-59] 32} 53
(7.24.-12.31)0.2 F Al & f3A71E 9D gk Zpol7}k Ygict. de} okt Aol 2 Qn|IE Wolo] 243} o7
A2 f3fo] g wat AEAY FAAE A F76HAT, FEHAGAAE S49 I B3 F715t0] 604 o4 AFEAE
37Fstgeh

F2 AMO: I 2ol A4S -19; SRR AFEAL FAEHAFAA; AED

N B 28,428,078 0= & #3717t w4 G2 F 97.8%=
ARG AEA T - BE)ANAE 20229 149 197

IRt AL AZS-19(Z2HUH19)E 20204 1€ 20 ¥ 129 3197H4] 192 & 2,557,128B(LBF <F 7,006

A ZolA A A BuE o= 20239 1Y€ 1Y 04] §)o 219 SR BAste] 22 712E = AA| &
7HA] A=ol A F 29,058,860 ZEU19 & I AR F F 9.0%F AAFHLH, AT 105 FF HYEE

7 EAskloH, o] & 20224 ?F o ot AR SR} 51,5127 2.2 A= 55,0527 Hi¥] ¥ &l At A=7t

r
Aok
e
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20229 12¥7H4] W 22419 FHE7A= 29,058,860
Holm, o] & 97.8% (28,428,078%)7} 2022d ] WAYst
At

@ M=Z0| €A & HE=2?

20224, AEAMT, A5 A= F 2,557,128(2
Bt F 7,006%), AFEARE 3,283 02 AHES 0.13%
Aot AGgER FAA= A5 1,311,4008(51.3%),
T 1,245,72878(48.7%)°1Ath. AFdA = A& 1,784
(54.3%), W 1,4999(45.7%)°1 At A} 9 Apga}; 2

T AAEETE =2 ¥SS AT A 109 ¥E

BEL t77F AEl vis) =4 ey, APES 5
o] &7 Uk

@ AAEZ?

219 4

gtholel s 28 S WY
Aok S A A4 Uy 55
Bo| A%e 5

A9 219 AL
£ 19 209 F2U19 A A 24 o] HokEH Y&
R7), mta3 28, A AR Rr]) 59 WAz e oA
JEZ &3l L2190 tiSstsich. 202197H sfe]o] &
2 A7FEo0] etA ZA o 7|utete] 25 Ak

1, SN & gEEol F7tsl whet A3 F Az

%7] 59 YA2AES 231 BetgoRA Aoz 3
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W19 &2 gt BP0 BlokEA Y-S A&SHEA
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© A=A Fof, ARH AZF7] siA|, fd=AF oFAe
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A, g A SR AEYRE S
chain reaction (PCR) 2JF-HAF 5, 547] PS5 o
RS Ay} 1A HAF AL FAHCE FgL
195 33 .

2 A1 20229 AEANA BuE I2uH9 A

W AR WA B SISHL, Wol §9 A8 gk

o= =

@, 4= £ polymerase

r°\‘

ol

A4 fERel ¥ oS e avfetel Aoel A Ry
19 FH oz T WA 4 Ut 293 3] g8l

=

7] At HY HF Yo 2% 7|2ARE AT StaAt
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=
I

AEIaly F2119 JHIAE A A" SRz 2 A
AR ATE B AR 55 v o R AAEglon,
R2t0] 49 20229 1€ 195H 129 319714 AL
71Zo|H, AFFAE 202249 19 195E 129 31971A] A
T 7EARR FF qoRAL 59 ARo] whEt AR AR}

o] W5 5 It

2 1

1. 20224 A58 I2LHNO 2y S

20229 195H 129714 ZEAMT - FE)IA HiL

H A2U9 A= F 2,557,128 07 HAE(28,214
) H] oF 9,063H) F7ketaltt. AA Ex1=FS] 99.8%01 S
ot 2,551,817 FollA AT gxltol, %]
5311982 siolA 4 & A=At 18z dgg &4
A+ % 18719 979,534%(38.3%) 2.2 71 W FHA7}
BHuEQlET, 20219 11958 AlZE @A 94357
12955 #njgo] gt Qu]aE ¥olo £ Y {FYPoF
A7 A F7FATHE 1).

=
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20|32 H0|(BA.1) Q0|32 H0|(BA.2) Q0|32 H0|(BA4-5)
'22.1.1.-3.19. '22.3.20.-7.23. '22.7.24.-12.31.
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RAT=rapid antigen test; COVID-19=coronavirus disease 2019; PCR=polymerase chain reaction.

HA 22119 A F oAAo] 54.2%2 Aol sy
a4 @2 HES Ao, dgEaE 409 8
7F 14.3%= 7 &aL, 50H(13.2%), 10H(13.1%), 20T
(12.9%), 30tH(12.6%), 60T1(12.2%), 10A] HTH10.4%) %=
o|ith 1y AFE A+ 109 B HYES 104 vl
(76,93478)7}+ 10%1(75,931%)7}F &=A Vretyeh AgEze
7450l 1,311,40078(51.3%), W7} 1,245,7287(48.7%)
o7 AFo] 27 Uch 1Y AT 10¥ B THES
27} 52,223, 80| 49,927F 22 th7t A Uerst
CTHE 1). 2020 19 20¥-20224 12€ 31¥4714] H&E4

S22

(AT - AE)) AxE F2U419 SR 2,583,266 Z A
T FHAHE 83,9227(3.25%)°] HAotAL, 5711 A
= AHE A= 3.83% 2 LERET

20224 9T HAISH Al Ak 3,283
Y oiu] 9F 1,168 76k, A=t 26,2887 thiH] 12.5%
£ ARSI AA AFEL 0.13%RoH A Ayt
Zro] 187100 1,4997(45.7%) 2.2 7V & AgAt7t Ay
59!, oJ4do] 1,73298(52.8%)22 B4 1,551 (47.2%)

o7 HEE 281

Hod 52 H&2 B0y APES oF oF 0.13%= W53t
Ak, AFE == 804l ool 2,103 o= HA AFgARe]
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64.1%E AHAetHoH, 70tH7F 703%(21.4%), 60tH7F 319
H(9.7%) <02 =7 Ut ow, 604 o]4o] 3,125 o2
AA AFGAF Z 95.2%0] SCHIE 2).

A2 E 17} 1,499H (A FGE 0.120%), FE0]

1,784%(1 W8 0.136%02 22 5 UehdthE 2). 9
F 108 9 2HEL BT Eou} AFEL Bt e
A0= Felxgic,

A e Q=7 2,251%8(68.6%), 8¢ HY 887

(27.0%), 8F9 447(1.3%), A 5 71EH3.1%) &l
o ols 91 5 Al AldETE A dmT|Ee R A
& A 2= dm7|do| M9 Argol EA HER
= Zoltt. JA| AFGA 5 3,15578(96.1%)N A4 71412 <k
ol glFgleH, F8 VAdg oz VEY - HBA - 4
o A 5 =2A AEH63.4%), AW - +&F T F4E

2H36.6%), Fi=
(29.6%) =22
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7 et
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A
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123 53(1.19-3.19%), BA.2
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E1. 484, 202249 2718 I 21H9 A g @5t

A 1527 257 327 457
=1 (22.1.1.-12.31) (1.1.-3.31) (4.1.-6.30.) (71.-9.30) (10.1.-12.31)
2 % wuE 3 % 3 % 3 % g %
44 2,557,128 100.0 51,020 979,534 38.3 546,767 21.4 636,308 249 394519 154
At 7,006 10,764 6,008 6,992 4,335
4
g4 1,171,901 458 46,693 458,665 46.8 249,347 45.6 290,953 45.7 172,936 43.8

ol 1,385,227  54.2 55,113 520,869 53.2 297420 54.4 345355 543 221,583 506.2
A (A
>10 266,452 104 76,934 130,220 13.3 59,488 10.9 52,850 8.3 23,894 6.0
10-19 334,478  13.1 75,931 144,682 14.8 68,441 12.5 75,876 11.9 45,479 115
20-29 330,084 129 56,430 131,785 13.4 70,468 12.9 83,753 13.2 44,078 11.2
30-39 322,092 126 57,074 126,928 13.0 69,983 12.8 77,988 12.2 47,193 12.0
40-49 365,357 14.3 48,731 143,764 147 78,312 143 88,196 139 55,085 14.0
50-59 339,016  13.2 38,795 114,812 11.7 72,387 13.2 92,435 145 59,382 15.0
60-69 311,084  12.2 40,122 101,742 104 66,510 12.2 85,225 134 57,607 14.6
70-79 172,908 6.8 40,975 49,825 5.1 37,003 6.8 50,188 7.9 35,892 91

>80 115,657 45 45360 35776 3.6 24175 4.4 29797 47 25909 6.6
=+

W=l 2,532,421 99.0 - 972,328 99.3 540,183 98.8 629,042 98.9 390,868 99.1
9J=+9l 24,707 1.0 - 7,206 0.7 6,584 1.2 7,266 1.1 3,651 0.9
g R

SRk 2,551,817 99.8 - 978,777 999 546,281 99.9 632,825 995 393,934 999
B 5,311 0.2 - 757 0.1 486 0.1 3,483 05 585 0.1
Al-=E

Eh 1,245,728 487 52223 500,736 51.1 248,832 455 306,736 48.2 189424 48.0
A% 1,311,400 513 49927 478798 489 297935 545 329,572 51.8 205,095 52.0
Ul 105 B Ty E

BA4 - 59 3% £9(7.249-12319)9 WAl Uiek. 2 AT FH, 109 19 YT F PCRAA AT Feo] ek,
YA/ AP WARASS AruE BA 1Y 14 £ vpIoE DARLEY FF L 95F 1L 99 109
A7l 19 14258 Bt A24 Sl A% 29 78 2795 $27] F7F WAHF0l Au et oMY 2022

g 2717194 dstzA7t olzolHo, oA PCR A ol 2ulAE ko] oJg SIAe] FHoz, Auprein
AR B AR AFS SHEAT 39 14UNEE AEA ok ARA Rl dEE 52 B8 1982 955
& ASPUANE S AR ATk BA2S 23 & B ARRY PAE A BN FAsAt. B8 W
B A7 49 182 ABA AL AW AAHNAT, 49 AR BelE B W LSAH 5 TE0l8A4 Helold 1
W 5ol 1904 2302 SR SPEEel AT aAHI LR WSkl s,
53, A SEol 8414 1 HAlo] g E 59 2
A5 E A9 npaZ H8] AR} AU BAL 59 3
3 £ Al71ol 99 39 gl A A A ST A%
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B2 7%, 20229 £718 I 2149 APGA $4Y
g A 127 287 327 427

TE % X¥EY ¥ 0 % X¥EY ¥ % X¥S ¥ % xYE 9 % XS
A 3,283 100.0 0.128 1499 100.0 0.153 876 100.0 0160 461 100.0 0.072 447 1000 0.113
)

iR 1499 457 0120 710 474 0142 335 382 0135 245 531 0.080 209 468 0.110

a5 1,784 543 0136 789 526 0165 541 6.8 0182 216 469 0066 238 532 0.116
e

=g 1551 472 0132 681 454 0148 425 485 0170 241 523 0083 204 456 0.118

o] 1732 528 0125 818 546 0157 451 515 0152 220 477 0064 243 544 0.110
AHEAD)

<10 4 01 0.002 1 0.1 0.001 2 0.2 0003 1 02 0002 - - -

10-19 2 01 0.001 1 01 0001 - - - - - - 1 0.2 0.002

20-29 8 02 0.002 3 02 0.002 1 01 0.001 4 09 0.005 - - -

30-39 9 03 0.003 5 03 0.004 1 01 0.001 3 07 0004 @ - - -
40-49 44 13 0.012 17 11 0012 11 13 0014 9 20 0010 7 1.6 0013

50-59 91 2.8 0.027 39 26 0034 28 32 0039 13 28 0014 11 25 0.019
60-69 319 97 0103 154 103 0151 79 90 0119 49 106 0.057 37 83 0.064
70~79 703 214 0407 321 214 0644 188 215 0508 110 239 0219 84 188 0.234

>80 2,103 641 2158 958 639 3301 566 646 2753 272 590 1043 307 687 1409
AZHE(G0A] °]4)

6OAl ©14 3,125 952 0537 1433 956 0794 833 951 0671 431 935 0267 428 957 0371
704 ©]4F 2,806 855 1.038 1279 853 1.622 754 861 1310 382 829 0501 391 875 0.678
AGAE Aye o R BaE AFTY(22.1.1.-12.31) 71E AR £F 2ujgh YA HE(%)=(AF R/ A4 x100

3. 454, 20229 ZEAFAAE I 214119 24 A%

#0](2)
A
AlA BA.1 (1.1-3.19) BA.2 (3.20-7.23) BA.4-5 (7.24-12.31)

i % T 3= Chz! 3= Ch7! 3=

A 1,803 100.0 442 237 1,124
241 201 111 126 488 636
g 467 25.9 75 81 20 24 124 143
QFAA 698 38.7 95 81 48 46 161 267
F7HoFtHE 5 Al 515 28.5 54 15 36 34 175 201
Ao 77| (A A) 84 4.7 11 17 1 9 25 21
oI E A A A 39 2.2 6 6 13 4

271 A%0 A 1234039, 7% EE A7RY,

s, 34, 7

7
1Eh. &7 geld

St s eIl o4 2 28 A

3
Fol A

FHY, QYA FoRtE SAE, A7 7| HAIA), Aol E A A1)

3.2022'4 ZEH I 2L19 BY(HHFAME TS OREBAIE 51571(28.6%), 8 Y 4677(25.9%) =2
) U3 Z E2 HSS AASIA. #o] #3 7IPEE2= BA4 -5

20229 HEA FIAHIFA LA ElE 22 H19 H 1,1247(62.3%), BA.1 4427(24.5%), BA.2 2377(13.1%)

HAH= F 1,8037019, 2FAH0] 6987%1(38.7%), -
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ABSTRACT

This report analyzed the current status of coronavirus disease 2019 (COVID-19) confirmed cases and deaths reported in the
Gyeongbuk region during 2022, the current status of COVID-19 outbreaks and actions in infection vulnerable facilities. The
purpose of this report is to establish a COVID-19 quarantine policy strategy and provide evidence for the future epidemic of
infectious diseases. In 2022, there were 2,557,128 confirmed cases in the Gyeongbuk region and 3,283 deaths. In the total
number of confirmed cases and deaths, females accounted for a slightly higher proportion than males. By age, the number of
confirmed cases was 40—49 years old (14.3%, 365,357 cases), and the number of deaths was the highest at 80 years of age or
older with 2,103 cases (64.1%, fatality rate 2.2%). The incidence rate per 100,000 population was higher in Daegu, but the
fatality rate was higher in Gyeongsangbuk-do. Of the deaths, the major underlying diseases were shown circulatory system
diseases (63.4%), mental diseases such as dementia/depression (36.6%), and endocrine and metabolic diseases such as diabetes/
thyroid diseases (29.6%) from the highest. There were also differences in quarantine policies among the three epidemic periods
of the Omicron variant in 2022. As a nationwide epidemic occurred due to the dominance of the Omicron variant, which
has higher transmission power than the delta variant, the number of confirmed cases in the Gyeongbuk region also increased

significantly. The number of deaths in people aged over 60 also increased, mainly in vulnerable facilities to infection.

Key words: COVID-19; Confirmed cases; Death case; Facility vulnerable to infection; Gyeongbuk region

*Corresponding author: Taejong Son, Tel: +82-53-550-0620, E-mail: sontaejong@korea.kr

Introduction confirmed cases of COVID-19 have occurred nationwide
as of 0:00 on January 1, 2023. Of these, 28,428,078 con-

Ever since the report of the first confirmed case of corona- firmed cases occurred in 2022, accounting for 97.8% [1].
virus disease 2019 (COVID-19) in the Republic of Korea A total of 2,557,128 cases (daily average of approximately
(ROK) on January 20, 2020, a total of 29,058,860 cumulative 7,0006) occurred from January 1 to December 31, 2022 in the
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Key messages
(D What is known previously?

Under COVID-19 pandemic, there were a total 29,058,860
confirmed cases, and 28,428,078 occurred in 2022.

(@ What new information is presented?

During 2022, 2,557,128 confirmed cases occurred in
Gyeongbuk region; 13,111,400 (51.3%) in Gyeongbuk
and 1,245,728 (48.7%) in Daegu. There were 3,283
deaths; 1,784 (54.3%) in Gyeongbuk and 1,499 (45.7%)
in Daegu. The incidence rate per 100,000 population
was higher in Daegu, but the fatality rate was higher in
Gyeongbuk.

® What are implications?

In a situation that disease control authorities change
quarantine policies flexibly, this report can help establish
quarantine policy strategies by analyzing regional out-
break characteristics and prevention response.

Gyeongbuk region (Daegu, Gyeongbuk), accounting for ap-
proximately 9.0% of the total confirmed cases in the ROK dur-
ing the same period, with the incidence rate per 100,000 pop-
ulation of 51,512, lower than the nationwide rate of 55,052.
Regarding the response strategies against COVID-19 so far, in
chronological order, in 2020, COVID-19 was responded to by
implementing quarantine measures, such as non-pharmaco-
logical interventions (washing hands, wearing a mask, and so-
cial distancing) and vaccination ever since the first COVID-19
case in the ROK was reported. Since 2021, as many foreign
countries have lifted quarantine measures based on scientific
evidence and the vaccination rate in the ROK has increased,
the latter also promoted a return to daily life by gradually lift-
ing quarantine measures, such as social distancing. Yet, since

December 2021, the Omicron variant has emerged, and some

www.phwr.org Vol 16, No 31, 2023

Omicron sub-varjants have become the dominant variant, re-
sulting in many confirmed cases, including suspected reinfec-
tion cases, and a significant increase in the number of deaths
among older adults. Accordingly, in 2022, as a quarantine
policy in response to COVID-19 while continuing non-phar-
macological interventions, a self-reported epidemiological
survey was performed according to the increase in number of
confirmed cases [2-4]. In addition, COVID-19 has been re-
sponded to by focusing on various quarantine policies, includ-
ing administering oral medication, lifting social distancing and
mandatory quarantine for overseas entrants, suspending the
mandatory submission of negative test results before entry and
required after-arrival polymerase chain reaction (PCR) testing,
and vaccination in winter, and on facilities which were vulner-
able to infection and which contained high-risk groups.

With this report, we aimed to examine the current status
of confirmed cases and deaths reported in the Gyeongbuk re-
gion in 2022. We also intended to provide important funda-
mental data in the form of risk factors and countermeasures for
vulnerable facilities by variant periods to establish quarantine
measures in response to future infectious disease epidemics as

well as to the current COVID-19 epidemic in the region.

Methods

This report was prepared based on the epidemiological
information of patients reported as confirmed and deceased
in the COVID-19 information management system of the
Korea Disease Control and Prevention Agency. Confirmed
cases were based on the aggregation data from January 1 to
December 31, 2022, and deaths were based on the date of

death between January 1 and December 31, 2022. Details
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may change depending on the results of future epidemiological

investigations.

Results

1. The Current Status of COVID-19 Outbreaks in

the Gyeongbuk Region in 2022

From January to December 2022, the total number of
confirmed cases reported in the Gyeongbuk region (Daegu,
Gyeongbuk) was 2,557,128, increasing approximately 9,063
times compared to the previous year (28,214). In total,
2,551,817, 99.8% of the total confirmed cases, occurred in the
ROK; the remaining 5,311 cases were overseas imported cases.
Among the confirmed cases that occurred in 1 year, the high-
est number of confirmed cases were reported in the first quar-
ter, at 979,534 (38.3%). This was because the number of con-
firmed cases increased significantly due to the phased daily re-
covery that began in November 2021 and the emergence and
outbreak of the Omicron variant with higher transmissibility

from December 2021 (Figure 1).

Among the total confirmed cases, females accounted for
54.2%. By age, patients in their 40s accounted for the biggest
percentage (14.3%), followed by those in their 50s (13.2%),
teens (13.1%), 20s (12.9%), 30s (12.6%), 60s (12.2%),
and under teens (10.4%). However, the incidence rate per
100,000 population was high in under teens (76,934) and
teens (75,931). By region, the incidence rate in Gyeongbuk
was slightly higher, with 1,311,400 (51.3%), compared to
Daegu, with 1,245,728 (48.7%). Yet, the incidence rate per
100,000 population was higher in Daegu, with 52,223, com-
pared to Gyeongbuk, with 49,927 (Table 1). Of the 2,583,266
confirmed COVID-19 cases reported in the Gyeongbuk re-
gion (Daegu, Gyeongbuk) between January 20, 2020 and
December 31, 2022, suspected reinfection cases occurred in
83,922 (3.25%), whereas the percentage of suspected reinfec-
tion cases nationwide during the same period was 3.83%.

In total, 3,283 deaths occurred in 2022, with an increase
of approximately 1,168 times compared to the previous
year (281) and accounting for 12.5% of the 26,288 nation-

wide count. The total fatality rate was 0.13%, with the highest

Omicron variant (BA.1) Omicron variant (BA.2) Omicron variant (BA.4-5)
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Figure 1. Daily confirmed cases of COVID-19 and mainly control measure in Gyeongbuk region” by Omicron period
COVID-19=coronavirus disease 2019. “Gyeongbuk region: Daegu, Gyeongsangbuk-do.
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Table 1. Epidemiological characteristics COVID-19 confirmed cases in Gyeongbuk region”
 ammen  pem awams sdume o
Characteristic -
n g Incidence % n % n % N %
rate
Total 2,557,128 100.0 51,020 979,534 38.3 546,767 21.4 036,308 249 394,519 15.4
Dailyaverage 7,006 10,764 6,008 6,992 4,335
Sex
Male 1,171,901  45.8 46,693 458,665 46.8 249,347 45.6 290,953 45.7 172,936 43.8
Female 1,385,227 54.2 55113 520,869 53.2 297420 544 345355 543 221,583 506.2
Age group (yr)
>10 266,452 104 76,707 130,220 13.3 59,488 109 52,850 83 23,894 6.0
10-19 334,478 131 76,180 144,682 14.8 68,441 12,5 75876 11.9 45,479 115
20-29 330,084 129 53,195 131,785 13.4 70468 129 83,753 13.2 44,078 11.2
30-39 322,092 12.6 54,965 126,928 13.0 069,983 12.8 77988 12.2 47,193 12.0
40-49 365,357 143 49,124 143,764 147 78,312 143 88,196 13.9 55,085 14.0
50-59 339,016 13.2 39,374 114,812 11.7 72,387 13.2 92,435 145 59,382 15.0
60-69 311,084 12.2 40,936 101,742 104 66,510 12.2 85,225 13.4 57,607 14.6
70-79 172,908 6.8 41,553 49,825 5.1 37,003 6.8 50,188 7.9 35,892 9.1
=80 115,657 4.5 45,360 35776 3.6 24,175 44 297797 47 25909 6.6
Nationality
Local 2,532,421  99.0 - 972,328 99.3 540,183 98.8 629,042 989 390,868 99.1
Foreigner 24,707 1.0 - 7,206 0.7 6,584 1.2 7,266 1.1 3,651 09
Estimated source of infectious
Domestic 2,551,817  99.8 - 978,777 99.9 546,281 99.9 632,825 99.5 393,934 99.9
Abroad 5,311 0.2 - 757 0.1 486 0.1 3,483 05 585 0.1
City/province
Daegu 1,245,728 487 52,223 500,736 51.1 248,832 455 306,736 48.2 189,424 48.0
Gyeongsangbuk-do 1,311,400 51.3 49,927 478,798 489 297,935 54.5 329,572 51.8 205,095 52.0
COVID-19=coronavirus disease 2019. “Gyeongbuk region: Daegu, Gyeongsangbuk-do. Incidence rate: per 100,000 population (resident
registration population status in December 2021).

number of deaths at 1,499 (45.7%) in the first quarter, as
with the occurrence of confirmed cases. Moreover, the num-
ber of deaths in females was 1,732 (52.8%), which was higher
than 1,551 (47.2%) in males; however, the fatality rate (about
0.13%) was similar across the sexes. By age, the number of
deaths among those in their 80s or older was 2,103, account-
ing for 64.1%, followed by those in their 70s with 703 (21.4%)
and those in their 60s with 319 (9.7%). In addition, the num-
ber of deaths among those in their 60s or older was 3,125, ac-

counting for 95.2% of the total deaths (Table 2).

www.phwr.org Vol 16, No 31, 2023

By region, the number of deaths in Daegu was 1,499 (fa-
tality rate 0.12%) and that in in Gyeongbuk was 1,784 (fatal-
ity rate 0.136%) (Table 2). Although the incidence rate per
100,000 population was higher in Daegu, the fatality rate was
found to be lower.

The places of death, in the order of largest to smallest per-
centages, were medical institutions with 2,251 (68.6%), long-
term care hospitals with 887 (27.0%), nursing homes with 44
(1.3%), and others including homes (3.1%). We believe that

deaths in medical institutions were high because patients with
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Table 2. Epidemiological characteristics COVID-19 death cases” in Gyeongbuk region
Total 1st quater 2nd quater 3rd quater 4th quater
Total 3,283 100.0 0.128 1,499 100.0 0.153 876 100.0 0.160 461 100.0 0.072 447 100.0 0.113
City/province
Daegu 1,499 457 0.120 710 474 0142 335 382 0.135 245 531 0.080 209 46.8 0.110
Gyeongsangbuk-do 1,784 543 0136 789 52.6 0.165 541 61.8 0182 216 469 0.066 238 532 0.116
Sex
Male 1,551 472 0132 681 454 0.148 425 485 0.170 241 523 0.083 204 45.6 0.118
Female 1,732 52.8 0.125 818 54.6 0.157 451 515 0152 220 477 0064 243 544 0.110
Age group (yr)
<10 4 0.1 0.002 1 0.1 0.001 2 02 0.003 1 0.2 0.002 - - -
10-19 2 01 0.001 1 0.1 0.001 - - - - - - 1 0.2 0.002
20-29 8 02 0.002 3 02 0.002 101 0.001 4 09 0005 - - -
30-39 9 03 0.003 5 03 0.004 101 0.001 3 07 0.004 - - -
40-49 44 1.3 0.012 17 1.1 0.012 11 13 0.014 9 2.0 0.010 7 1.6 0.013
50-59 91 2.8 0.027 39 2.6 0034 28 32  0.039 13 2.8 0.014 11 2.5 0.019
60-69 319 97 0.103 154 103 0151 79 90 0119 49 10.6 0.057 37 83 0.064
70-79 703 214 0407 321 214 0644 188 215 0508 110 239 0.219 84 18.8 0.234
=80 2,103 641 2158 958 0639 3301 566 64.6 2753 272 59.0 1.043 307 687 1.409
Age group (over the age of 60)

60 and older 3,125 952 0537 1433 956 0794 833 951 0671 431 935 0267 428 957 0371
70 and older 2,806 855 1.038 1279 853 1622 754 861 1310 382 829 0501 391 875 0.678
9Death’ refers to the the number of deaths reported to kdca from 2022.1.1. to 2022.12.31. b)Fatality rate (%)=(number of deaths/number of

confirmeds)x100.

severe or critical illness were transferred after being assigned to
a tertiary medical institution rather than a facility. Of the total
number of deaths, 3,155 (96.1%) were reported from individ-
uals with underlying diseases. The main underlying conditions,
in the order of most to least common, were circulatory system
diseases, such as hypertension, cerebral infarction, and cardio-
vascular diseases (63.4%), mental disorders, such as dementia
and depression (36.6%), and endocrine and metabolic diseas-

es, such as diabetes and thyroid diseases (29.6%).
2. Quarantine Policies during the Omicron Variant

Epidemic Period

During the Omicron variant epidemic period that occurred

1112

in 2022, there were three periods of epidemics: the first epi-
demic of BA.1 (January 1 to March 19), the second epidem-
ic of BA.2 (March 20 to July 23), and the third epidemic of
BA.4 - 5 (July 24 to December 31). Regarding quarantine
policies implemented for each epidemic period, during the first
epidemic period of BA.1, oral medication administration be-
gan on January 14 and a self-reported epidemiological survey
was performed from February 7. In addition, only the PCR test
was recognized as a confirmatory test; however, the rapid anti-
gen test (for experts) was also recognized as a confirmatory test
from March 14. During the second epidemic period of BA.2,
social distancing was completely lifted on April 18, the infec-

tious disease class of COVID-19 was downgraded from Class 1

www.phwr.org Vol 16, No 31, 2023
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to Class 2, and eating and drinking in indoor public-use facili-
ties were allowed. In addition, the outdoor mask mandate end-
ed on May 2. During the third epidemic period of BA.4 - 5,
the mandatory submission of pre-entry negative test results
was suspended on September 3, and the required after-arrival
PCR testing was suspended on October 1. Lastly, a COVID-19
winter booster was initiated on October 27 to prevent infec-
tion and severe or critical illness in high-risk groups. As de-
scribed above, due to the surge in confirmed cases caused by
the spread of the Omicron variants, quarantine policies were
implemented to reduce severe or critical illness and death in
high-risk groups by utilizing therapeutic administration and
vaccination rather than blocking transmission. Moreover, mass
infection case management was also changed from managing
public-use facilities, such as religious and educational facilities,
to managing facilities vulnerable to infection where high-risk

groups live.

3. Response to COVID-19 Outbreak in the
Gyeongbuk Region in 2022 (Focused on
Responding to Facilities Vulnerable to
Infection)

A total of 1,803 COVID-19 mass infection cases were
identified at facilities vulnerable to infection in the Gyeongbuk
region in 2022, with nursing facilities with 698 cases (38.7%),
day and night care centers with 515 cases (28.6%), and long-
term care facilities with 467 cases (25.9%). In terms of each
variant epidemic period, 1,124 cases (62.3%) were recorded
during the BA.4 - 5 epidemic period, followed by 442 cases
(24.5%) in the BA.1 epidemic period and 237 cases (13.1%)
in the BA.2 epidemic period (Table 3).

The Gyeongbuk Regional Center for Disease Control and
Prevention implemented 17 on-site epidemiological investi-
gations out of 60 on-site support protocols to identify the epi-
demic situation and strove to minimize the occurrence of ad-
ditional patients by performing facility risk assessment, iden-

tifying contacts and suspected infection routes, making efforts

Table 3. Gyeongbuk region, occurrence of outbreaks by infection-vulnerable facilities in 2022
Omicron variant (n)
Total
Facility BA.1(1.1.-3.19.) BA.2 (3.20.-7.23.) BA.4-5(7.24.-12.31)
h O OO gy S0 o, ST
Total 1,803 100.0 442 237 1,124
241 201 111 126 488 636

Long-term care hospitals 467 259 75 81 20 24 124 143

Nurse home 698 387 95 81 48 46 161 267

Day and night care 515 285 54 15 36 34 175 201

facilities

Inpatient psychiatric 84 4.7 11 17 1 9 25 21

hospitals (facilities)

Disabled care facilities 39 2.2 6 7 6 13 3 4
Additional outbreaks 123 cases in Gyeongbuk region (Hospitals, family or friends gathering, school, company dinner, Other outbreaks). The
number of late confirmed group outbreaks is not reflected (careful when using it). Infection-vulnerable facilities: long-term care hospitals,
nurse home, day and night care facilities, inpatient psychiatric hospitals (facilities), disabled care facilities.

www.phwr.org Vol 16, No 31, 2023
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to block transmission and prevent the spread (through mea-
sures such as separation of traffic lines, total inspection, and
disinfection), and conducting active and passive surveillance
of contacts. Furthermore, by establishing a cooperative system
with local governments (cities, provinces, and support groups),
infection control capabilities were strengthened throughout a
total of 43 sessions, including on-site inspections, such as im-
plementing regular quarantine rules to reduce the spread of in-
fection and response system training in preparation for patient

occurrence situations (Tabletop exercise and consulting).

1) Situation of facilities vulnerable to infection
(January to May 2022, the initial stage)

The initial risk factors for facilities vulnerable to infection,
which were found to increase the risk of severe or critical ill-
ness and death, were as follows: (D insufficient initial response
due to a lack of experience in responding to infectious diseases
by local governments and facilities, @) a gap in the availabil-
ity of nursing services due to the absence of nursing and care
staff caused by quarantine when a worker was confirmed to
have COVID-19, 3 insufficient infection control due to the
absence of infection control personnel in the facility, @ insuf-
ficient securing of beds for patients and contacts (assignment,
transfer, or delay of dedicated isolation beds), and & insuffi-
ciently smooth supply of therapeutics in the early stage of the
introduction.

To mitigate these risks, the following measures were imple-
mented in facilities vulnerable to infection in order to mini-
mize the scale of spread by strengthening the initial response
capabilities of local governments and facilities, including work-
ers: (D early detection of confirmed cases by performing pre-

emptive testing, (2 securing isolation beds and encouraging

1114

vaccination, 3) suggestion for mitigating criteria for close con-
tact of the nursing personnel with infected patients and sending
request to the Central Disaster Management Headquarters for
prompt support for nursing personnel, and @ provision of ac-
tive on-site support in case of mass infection (risk assessment,

infection control measures, and epidemiological investigation).

2) Situation of facilities vulnerable to infection (June
to September 2022, the mid-term stage)

The mid-term risk factors for facilities vulnerable to infec-
tions, which were identified to have led to the continuation of
the epidemic, were as follows: (D reduced acquired immunity
due to decreased vaccination effect and high risk of reinfection
due to continued epidemic of highly contagious variants and
@ insufficient human resource management in facilities and
lack of awareness of infection control among workers.

To mitigate these risk factors, the following measures were
consistently implemented: (D early detection of confirmed
cases through continuous preemptive testing and continuous
minimization of the scale of transmission, (2) encouragement
of booster vaccinations and oral medications to reduce the se-
verity of illness and risk of death, and (3 provision of training
and consulting for persons in charge of local governments and

facilities vulnerable to infection.

3) Situation of facilities vulnerable to infection
(October to December 2022, the late stage)

The late risk factors for facilities vulnerable to infections
were as follows, and it was found that the epidemic continued
even though the number of mass infections in facilities was re-
duced: D low booster vaccination rate in winter due to lack of

confidence in vaccine effectiveness, @ decreased awareness of

www.phwr.org Vol 16, No 31, 2023
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the importance of compliance with infection control and quar-
antine rules among workers due to social fatigue caused by the
prolonged COVID-19 epidemic and lifted social distancing,
and (@ response to infection control as a mere formality within
the facility (no space separation, disinfection, or ventilation).
To mitigate these, the following measures were implement-
ed: D constant guidance on vaccination effectiveness, (2) con-
stant vaccination recommendation for workers and residents,
(® constant training on the importance of infection control for
workers, @ emphasis on the will of the hospital director (fa-
cility director) and the importance of inspection, () environ-
mental management, such as thorough ventilation and disin-
fection and prompt response to a new patient arrival (space
separation), and (® strengthening the management of external

visitors.

Discussion

First, a nationwide epidemic occurred due to the emer-
gence of the Omicron variant, which was more contagious
than the Delta variant, and the implementation of a phased re-
turn to daily life in 2022, leading to a surge in the number of
confirmed cases and deaths among older individuals aged 60
years or older in the Gyeongbuk region. In addition, due to the
insufficient initial response based on the characteristics of the
variants (such as separation of traffic lines, infection control,
and human resource supply and demand), mass infections in
facilities vulnerable to infection, where high-risk groups lived,
also increased.

Second, there was limited thorough contact investigation
due to the lifting of social distancing (operating hours, private

gatherings, and prohibition of indoor eating and drinking) and

www.phwr.org Vol 16, No 31, 2023

self-reported epidemiological survey, increasing the number of
confirmed cases. Moreover, as the operation of the quarantine
system (disinfection, ventilation, and human resource manage-
ment) in facilities where mass infection occurred was changed
to a voluntary basis, there was an increased sense of relaxation
regarding the quarantine of workers in facilities vulnerable to
infection. As a result, mass infections in facilities vulnerable to
infection continued to occur, and the number of confirmed
cases and deaths in the high-risk groups aged 60 years or older
increased.

Third, regarding the occurrence of COVID-19 in the
Gyeongbuk region in 2022, females accounted for a slightly
larger proportion than did males, and by age, those in their
40s, 50s, and teens accounted for the largest proportions, in
that order. However, the incidence rate per 100,000 popula-
tion was also found to be high in teens and under teens. This
pattern was thought to result from the low vaccination rates
among teens and under teens coupled with an increase in
transmission from infected parents to the family members dur-
ing home treatment, due to the complete lifting of social dis-
tancing. By region, the number of confirmed cases and deaths
were found to be slightly higher in Gyeongsangbuk-do than in
Daegu Metropolitan City. Yet, the incidence rate per 100,000
population was higher in Daegu compared to Gyeongbuk,
whereas the fatality rate was slightly higher in Gyeongbuk.
This was considered to be due to the fact that Daegu had a high
incidence rate of confirmed cases and mortality rate among
those in their 60s or older and the highest non-vaccination his-
tory among the deceased in the ROK. In addition, Daegu was
found to have a higher percentage of those treated with thera-
peutics than the rest of the nation but Gyeongbuk was found to

have a lower percentage. However, further analysis is required
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to determine differences in access to medical resources.
Responses to the risk factors above were as follows. First,
the monitoring of variants (species) of the virus, such as the
Omicron variant, was reinforced, the initial quarantine re-
sponse system was prepared by level depending on the char-
acteristics of the variant when it emerged, and the medical re-
source response system was inspected regularly. Second, the
importance of personal infection control in facilities vulnerable
to infection was continuously promoted, and on-site support
and infection control consulting were performed if necessary
by monitoring the occurrence of infection. Third, in prepa-
ration for an increase in respiratory infections diseases, daily
quarantine rules to prevent infection, such as washing hands,
practicing cough etiquette, and wearing a mask, were followed.
Infection control was constantly inspected to reduce the risk of
death and reinfection in high-risk groups in facilities vulnera-
ble to infection, and the public was encouraged to get vaccinat-

ed by promoting the effectiveness of the COVID-19 vaccine.
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QuickStats

Trends in the Perceived Health Status among Adolescents,
20122022

In 2022, 68.2% and 57.8% of boys and girls, respectively, perceived themselves to be in good or very good health. These

percentages were lower than that in 2021 (Figure 1). The 2022 data indicated that perceived health status in boy was higher

than that in girls, and middle school students was higher than that in high school students (Figure 1, 2).
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Figure 1. Trends in perceived health status among adolescents
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*“Perceived health status: perception of oneself to be in good or very good health among adolescents.
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Figure 2. Trends in perceived health status among adolescents

by school levels, 2012-2022

Source: The 18th Korea Youth Risk Behavior Survey 2022 (KYRBS), http://www.kdca.go.kr/yhs/

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