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L AP REE T A7 A E ) 22 5271 25% ool kA A EE, 3) WS
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L3 4 ke ¥ 38 S L ATE E8olo] 34 5 T8 T ATE B4, SApIA AlRE A A
Aol dutd E4E BA SIS, YMA o7, &% A g, 218 Z3}, new Poison Mortality Score, modified Poison
& of, QAR /A3t/HF7E A o5, 7|34, 1ES Severity ScoreE &85t 5 S5AE Footal 1 T
571 AHE o5 HRE EEoto] It D AEA A5 A5 E2 AESIlT4]. R 54 EA s E85ke] o
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Statistics 26.0 for window (IBM Co.)E ©]-&35}ith.

E2 204 19.0%2 7
157 104 ke
2 24EAHIY 1). 3524

o] k=& Aae A 73.5%, oF(HH, & 5) 6.7%, AU Al

21 A58 7E HIE EFE AY 549 =& EAI F7
s==2 UXIS==2
A 2ok e 3,090 (51.5)
oM Eotu| il 3H A5 SEA - FFHESA 313 (5.2)
Hl zTholobA A 876 (14.6)
=l 458 (7.6)
71et 9 u]ido] QA - A A - A 347 (5.8)
71et 9 u)/do] A 150 (2.5)
&% 599 (10.0)
ZEEAolE 140 (2.3)
SFEAY|E 105 (1.8)
71et & u|ide] A=A 71 (1.2)
|71%0A 49 (0.8)
71et 9 u)ido] A 98 (1.6)
712 819 (13.7)
YArShEr A 740 (12.3)
7)€} 7pA 74 (1.2)
o]t 7kA 5(0.1)
s =4 “@ 712 (11.9)
7|et A & 47 (0.8)
o= 44 (0.7)
AotAAAIER X3 71 E&F 163 (2.7)
SPEE/AJANS &F 80 (1.3)
7)et ol =4 24 102 (1.7)
A =4 21 706 (11.8)
71t € uide] A& 22 (0.4)
L 93 (1.6)
El 359 (6.0)
Y & 56 (0.9)
7et & 0]io] 5E 154 (2.6)
75t 54 24 43 (0.7)
o =4 4 28 (0.5)
A 5,997 (100)
o9l A%).
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5.4%, BHCIY, DA AA) 2.6%, 7B L%, L 12% 5 AR HUFEBA(=2Y Bo] 15 A9 4283740+,

o] ol AEHAY 1). 59 o RRE YA F5o| 67.2%, AR BA /1% BhERolA ARLE O 51.5%2 7

Mg FEo] 32.1%rHIY D). FHBAY 24 =2 F UYTHAY 1). AZFR|H T ARFERAL

ARE AT 70.6%2 714 BATHAH 1), sizchololq B 14.6% 09 7.6%, 718 & w4 A

HA - FHAY A - 2WA 5.8%, ot Eotud X

2. CHIE U URISSSHO| Z2O} S E4 0 A% DA - FRAEEA 5.2%, Jek @ vl 9L

5 5504 590799 nF BAC WEL B 13 Ptk A 25% $9 202 BAHUCE 1). A F Qs

5 w2EERACIY 240 w30 F58 A9 =EE  2(HAY 123%) 7 MY welon, U3 B4 28 F A
BE 282 EW) £ 980, YAFERACIY  olALANIES TF /HISEEA 2.7%) 0] 7Y Bt

20 LEZHYYAE M R FEEY DL 5,997 A 54 B OIAE MRAEAY 6.0%) 0] 7 Bkt

22, 95 FE4 thiE 443589 i &9

URF=ST TP

Hl 2] obA| A 839 (20.9)

19 436 (10.9)
RIE el 368 (9.2)
71et 9 m4d9] XA - %Wﬂ%%xﬂ <A 324 (8.1)
opA| Eotu] il X3HH B A - FFHE| LA 292 (7.3)
71et € w)ide] e Xﬂ 146 (3.6)
ZEto]|ZA0|E 127 (3.2)
FgAg ek 105 (2.6)
SFEAMO|E 101 (2.5)
A A 2 E5=-8A A A (SSRI) 98 (2.4)
ApotAAAIEF 23 7 8F 96 (2.4)
HERRFHA]| 87 (2.2)
71et 9 ul/do] AEA 78 (1.9)
71et & u|Ade] A=A 61 (1.5)
u)d X 8oFE 50 (1.2)
R719A 46 (1.1)
B 41 (1.0)
71et 9 uid9] JIBA 38 (0.9)
uhI 20] A} 35 (0.9)
71t A8 E 35(0.9)
TCA F24 34 (0.8)
71et 9 w43 A=A 34 (0.8)
tsto| =ahyl 34 (0.8)
7|t AEHA T2 33 (0.8)
T ARo|E 30 (0.7)
a9 450 (11.2)
A 4,018 (100)

@91: 71(%). SSRI=selective serotonin receptor inhibitor; TCA=tricyclic antidepressant.
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(11.9%), 99 25071(9.1%), S ZA|CIE 13471(4.9%),
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59 08 Uyt 535 35 A=A A1, g% A
£, 71T, AR, A&F AqA LY, FHEA] b

5 5 AREY 2fn] A gol A= ATHE 3).

()]
b
FOo
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>
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5171 10,5077 22 7Hg @ol Yehgten (19 2), A8l
2,96071(49.4%), AE<Skol 1,45771(24.3%), WHo] Ha}A]
£ 73971 1,83571(30.6%), =3 A= 47+ 61471(10.2%)

A ol gl A A BF o] 4].6%E HFEZ FE9 32.6%H T AAsHy FAto 2 o]z #L-0] 8667 (14.4%)
3. 335354 |55 554%9 &4 v
= S5 U 55 55(n=2,748 [45.8%]) HIE S 5=(n=3,249 [54.1%])

Hat o] (M) £ 3 51423 38+19

F5 ol
=4 AHAE =4 3,642 (41.6) AHAE =4 1,950 (32.6)
249 AR 2= 551 (6.3) UnkA At 190 (3.2)
3&9 UutkA] Ap 470 (5.4) A% = 134 (2.2)
459 71Et AbaLe] o9t = 357 (4.1) I3 3= 110 (1.8)
5¢2 4 5= 306 (3.5) 289 =3 &5 AL8) 81 (1.4)

L& E53
19 Hl z tjobA| WA 372 (13.5) Hl 2] obA H A 503 (15.5)
249 AAbshERA 327 (11.9) RIR e 1 413 (12.7)
39 Eauks 250 (9.1) H 298 (9.2)
49 S| Aol E 134 (4.9) obA| Eotu] dl I3HE A= 232 (7.2)

S| EA) - FFote 24
54 o] 4he] 214 - 128 (4.7) u] Aol ZAA] - 218 (6.7)
A OFA] - A G A OFA] - A

ZEA A=
A 529 (19.3) 409 (12.6)
gAe 467 (17.0) 504 (15.5)
713 483 (17.6) 0(0.0)
71A %] 370 (13.5) 0 (0.0)
CRRT 63 (2.3) 0(0.0)
HD 17 (0.6) 0 (0.0)

9]: 7A(%). CRRT=continuous renal replacement theraphy; HD=hemodialysis.

540

www.phwr.org Vol 17, No 14, 2024


http://www.phwr.org
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g, 10,507

o7 71 o] Y, I thgog F5o] 4087(6.8%)
A=A AR 5174(0.9%) LA 235714 &
A} Zo]= 7} 7]% o]Ato] 1,0837(18.1%) 2.2 71 o] 1}t

Eltth (2% F 2; available online).

6. X|=
AA A5 P9 3,565 F 4RHH S5 A&7 JL47t
53.7%, A A& Y7t 42.5%, AEA k& AA Qo]
3.8%00A AFEAHE 4). Lutd 5= A= Pl 9
F AlA 93974, B Fo 972710 = Hl%:
FEAL, SEA A= FolA 71 AT 4
3707, $YA £o 2354 59 &olgloH, A& = AA
QRO A A&H AdA Y 6374, A¥ &ZEs} 407 5ol
A B = ATHEE 4).
A= FEIFHIEH FEO|HA BT &) 3.6219
5 8878(24.5%)°] AANH A =7E Wokon, 921(25.4%)
o] &gt Fo] ArE WUtk UG AL AmO HL F
290710] A REL, FF FARIERA k& RK(E

Sfgta M4 >25%) 999 5 6478(64.6%)°] LY Aba A
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B4 FE AR FF L UL
N2 B = A
Aury 2| & 1,916 (53.7)
AT A=A 939 (26.3)
At Fo 972 (27.3)
A7 A 5(0.1)
AA 211 (5.9)
AR *E AALH 135 (3.8)
A &2 AA 83 63 (1.8
HAEA 17 (0.5)
FHTF/EH 3} 4(0.1)
SAJet ke 11 (0.3)
A &7 s 40 (1.1)
T A= 1,514 (42.5)
7| A 487 (13.7)
b B 65 (1.8)
A& 5 3% 14 (0.4)
Aefut kA FF 3(0.1)
9 AbA X E 290 (8.1)
714 3] 8¥ 370 (10.4)
AlEHE7] 0(0.0)
A=A A1 17 (0.5)
+9 33 (0.9)
SUA| Fof 235 (6.6)
A 3,565 (100)
F9: A%).

O ATHE 5).

7. oi=H| F£0

sf=A 1950] FH4 13] o] AREEglow, HlzTholo}
AGA S=2 AZAA EFvHAEo] 4287(43.0%) %= 7t
 wol AR SEAIAAL, oM Eot| e dl S50 A=A
N-obA[RAIAE[QI0] 24270(24.3%), €HE S5 HEY
A Y5 A&t oS f1sf Eloble] 2017, ded 4
F e 89 1137, R71A 254 5 A=A 2-2
e 54 ofEr o] 247 447, 584, A1 ofEAo] 113
A AFEAHIH 3). HzrolotAld F5EAH8767)°lA
EFHAE Fol&2 209%(23.9%)01 0t H 1w/ K93
F)olA FAEE A Fol&-2 69.9% (657) ATHE 5).
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ABSTRACT

The purpose of this study was to investigate poisoning causes, symptoms, and treatment, as well as the prognosis for patients
with intoxication in emergency departments. The Korea Disease Control and Prevention Agency presented the results of toxico-
surveillance conducted in 15 emergency medical facilities from June 22, 2022 to May 23, 2023. A total of 5,997 poisoning
cases were recorded, with the highest incidence among people in their 20s (19.0%). Therapeutic drugs were involved in 51.5%
of the cases, with single substance exposure and oral ingestion accounting for 71.4% and 70.2%, respectively. The most
common post-intoxication symptoms were cardiovascular manifestations, including changes in blood pressure and pulse rate
(n=10,507). Treatment modalities included general treatment in 2,127 cases, specialized drug removal therapy in 135 cases,
intensive care in 1,514 cases, and antidote administration in 1,314 cases. The rates of gastric lavage and activated charcoal
administration were 24.5% and 25.4%, respectively, for intentional poisoning cases (n=362). The rate of flumazenil use for
benzodiazepine poisoning was 23.9% (n=876). Hyperbaric oxygen treatment was used in 64.6% of severe carbon monoxide
poisoning cases (COHb>25%, n=99). Finally, the rate of antivenom serum administration was 69.9% for snakebites (n=93).
Severe poisoning was diagnosed in 45.8% of the cases. The general hospitalization rate was 15.4%, and the intensive care unit
admission rate was 16.9%. The all-cause mortality rate was 1.7%. Pesticides were the leading substances identified in deaths
(n=61, 59.8%), with 60.8% of deaths occurring in individuals aged 70 years and older. This study provides valuable insights for

improving poisoning management and informing regarding poisoning prevention and care policies.

Key words: Poisoning; Mortality; Toxico-surveillance; Emergency service, hospital

*Corresponding author: Sung woo Lee, Tel: +82-2-920-5408, E-mail: kuedlee@korea.ac.kr
In this study, we present a summary of the key findings of In-Depth Poisoning Surveillance (2022, June-2023, May).

Introduction or penetration results in harm, such as morbidity and death

[1]. The term “Toxic substances” encompasses all-natural and

Toxic substance poisoning refers to situations wherein chemical substances that enter the human body through in-
excessive exposure to, or abnormal use of, natural or artifi- halation, oral ingestion, or skin contact, consequently com-
cial toxic substances via inhalation, oral intake, skin contact, promising health. Classic toxic substances, such as cyanide
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Key messages
(D What is known previously?

Intentional poisoning is common in emergency depart-
ment poisoning cases, and deaths tend to occur among
older adults.

(@ What new information is presented?

This paper reports on the most common symptoms as-
sociated with poisoning, the use of gastric lavage and
activated charcoal in patients who have been poisoned,
antidote use, and mortalities in emergency department

poisoning cases.

® What are implications?

In terms of the poisoning control, presenting basic data
on major exposures, treatment, and prognosis, and
continuously monitoring them will help identify the ef-
fects of future system or policy implementations and
improvements.

and snake venom, pose dangers due to their inherent toxicity.
Additionally, ordinarily safe substances or products can be-
come toxic based on the route and extent of exposure, as well
as the intended use [1]. The concept of toxic substance poison-
ing incorporates the risk of harm to the human body that has
occurred or may occur post-exposure, alongside the hazardous
nature of the substance itself.

Poisoning from toxic substances can lead to reversible or
irreversible damage to the human body due to acute or chronic
exposure, whether direct or indirect. Acute and direct exposure
is particularly detrimental, leading to high hospitalization and
mortality rates relative to the incidence, causing significant so-
cioeconomic burdens and widespread damage [2]. Thus, it is
essential to manage major toxic substances and concurrently

collect and analyze data on the occurrence and treatment of

548

poisoning cases to prevent and minimize the impact of acute
toxic substance poisoning. In the Republic of Korea (ROK),
although a researcher-led multicenter study has been conduct-
ed in patients who presented to the emergency department
(ED) due to poisoning, nationwide surveys on the treatment
of poisoning, use of antidotes, and mortality rates are present-
ly lacking [3]. To address this gap, the Korea Disease Control
and Prevention Agency initiated the “In-Depth Poisoning
Surveillance” program in June 2022, focusing on cases of acute
physical poisoning caused by toxic substances among patients
seeking care in the ED. These efforts aim to provide source data
for establishing healthcare policies related to poisoning and de-
veloping measures to prevent and manage poisoning incidents.
The findings of a 1-year survey from June 2022 to May 2023
have been made publicly accessible on the official website [4].
In this study, we present a summary of the key findings of the

reported survey.

Methods

1. Participants

The In-Depth Poisoning Surveillance focuses on patients
presenting to an ED of 15 participating hospitals due to poi-
soning from June 1, 2022, to May 31, 2023. The mechanisms
of injury include poisoning by solid, liquid, gaseous, other, or
unknown substances; bites or stings; corrosive injuries; and
toxic gas inhalation. However, individuals bitten or scratched
by non-venomous animals such as dogs or cats were excluded.

In 2022, 10 ED facilities from nine cities and provinces
participated, and in 2023, an additional 5 ED facilities from
tive cities and provinces joined the project. Results of the

analysis of data collected from June to December 2022 have
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been published in an academic journal [5]. This study aimed
to summarize the key findings of the published In-Depth
Poisoning Surveillance report, incorporating the data obtained

from January to May 2023 [4].

2. Survey Items and Analysis Method

The In-Depth Poisoning Surveillance involved assessment
of common and in-depth items (including routes of exposure
to toxic substances, amount and form of exposure, symptoms
and signs of poisoning, treatment of patients, and prognosis).
The assessment results of these items are used to automatically
determine the severity of poisoning [4]. Exposure substances
are categorized into seven major groups (therapeutic drugs,
pesticides, gases, artificial toxic substances, natural toxic sub-
stances, other toxic substances, and unknown toxic substanc-
es) and are further classified into 47 sub-groups and 61 sub-
categories [4]. Data on major symptoms, results of diagnostic
tests, post-admission outcomes, major treatment interventions,
use of antidotes, and type of antidote used were collected from
patient’s medical records, from ED admission to hospital dis-
charge. A standard death report was filed for patient deaths.

For analysis, variables such as age, sex, place of exposure,
cause of poisoning, route of exposure, exposed substances, and
main signs and symptoms post-exposure were used to assess
the general characteristics of patients with acute poisoning.
The status of general and specialized treatment as well as criti-
cal care was determined based on data on gastric lavage, use
of activated charcoal, hemodialysis/filtration/perfusion, intu-
bation, and mechanical ventilation. The rates of gastric lavage
performance in patients with intentional poisoning and rates
of activated charcoal use in patients with intentional poisoning

were calculated. The use and types of antidotes were assessed

www.phwr.org Vol 17, No 14, 2024

to determine the frequently used antidotes and the rate of ap-
propriate antidote use. Appropriate antidote use was defined
as follows: 1) use of flumazenil in patients who experienced in-
tentional benzodiazepine overdose, 2) use of hyperbaric oxy-
gen therapy in patients who experienced severe carbon mon-
oxide poisoning (carboxyhemoglobin concentration 225%),
and 3) administration of antivenom in patients who sustained
a snakebite. The major signs and symptoms of poisoning were
analyzed, and individuals with severe poisoning were identi-
fied. Subsequently, the incidence rate was calculated based on
the intensive care unit (ICU) admission rate, treatment out-
comes, new Poison mortality score, and modified Poison se-
verity score [4]. To determine the prognosis, ED dispositions
(medical-surgical admission and ICU admission) were ana-
lyzed to calculate the mortality rate. The main substances in-
volved were analyzed based on age and the cause of poisoning,
and the age, the major substance of exposure, and cause of ex-
posure were analyzed to ascertain patients with fatal cases. All
results were presented as frequencies and percentages, and sta-
tistical analyses were performed using SPSS Statistics 26.0 for

Windows (IBM Co.).

Results

1. Characteristics of Poisoning Patients

A total of 5,997 patients were analyzed. The proportion
of women (56.2%) was higher than that of men (43.8%).
The most common age group was 20-29 years (19.0%).
Approximately 14.5% and 3.1% of patients were aged >70
years and <10 years, respectively (Figure 1). The most com-
mon place of exposure to toxic substances was home (73.5%),

followed by outdoors (sea and river: 6.7%), commercial
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71.4% of poisoning cases are exposure to a single substance.
70.6% of poisoning cases are oral exposure cases.

56.2% of addiction cases are female.
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1.7% of cases result in death

45.9% of cases are severe poisoning

Figure 1. Result of toxico-surveillance and severe poisoning cases analysis, snapshot
EMRT=emergency medicine results of treatment; GW=general ward: ICU=intensive care unit.

facilities (5.4%), factories (industrial and construction facili-
ties: 2.6%), other locations (1.9%), and schools (1.2%) (Figure
1). Regarding the reasons for poisoning, intentional poisoning
accounted for the highest percentage (67.2%), while uninten-
tional poisoning comprised 32.1% (Figure 1). The primary

route of exposure was oral ingestion (70.6%) (Figure 1).

2. Types of Common and Primary Poisoning
Substances and Characteristics of Exposure

Table 1 shows the frequency of substance exposure among

550

5,997 patients. The total number of exposure substances (in-
cluding all substances involved in cases with multiple substance
exposure) was 9,801, and the number of primary poisoning
substances (the most significant substance among multiple
exposures) was 5,997. Further, 4,283 patients experienced
single-substance poisoning (those who were only exposed to a
single type of substance).

In terms of categorization of primary substances, “thera-
peutic drugs” were the most common (51.5%) (Figure 1).

Among therapeutic drugs, benzodiazepines (14.6%); zolpidem

www.phwr.org Vol 17, No 14, 2024
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Table 1. Top 5 most frequent exposures by primary substance
Substances Primary substances
Medications 3,090 (51.5)
Analgesics, antipyretics and antirheumatics containing acetaminophen 313 (5.2)
Benzodiazepines 876 (14.6)
Zolpidem 458 (7.6)
Other and unknown sedatives/antipsychotics/sleeping pills 347 (5.8)
Other and unknown antidepressants 150 (2.5)
Pesticides 599 (10.0)
Glyphosate 140 (2.3)
Glufosinate 105 (1.8)
Other and unknown herbicides 71 (1.2)
Organic phosphorus 49 (0.8)
Other and unknown pesticides 98 (1.6)
Gases 819 (13.7)
Carbon monoxide 740 (12.3)
Other gases 74 (1.2)
Unknown gas 5(0.1)
Artificial toxinc substances 712 (11.9)
Other acidic substances 47 (0.8)
Alcoholic beverages 44(0.7)
Household products containing sodium hypochlorite 163 (2.7)
Cosmetics/personal care products 80 (1.3)
Otbher artificial toxins 102 (1.7)
Natural toxic substances 706 (11.8)
Other and unknown plants 22 (0.4)
Snakes 93 (1.6)
Bee 359 (6.0)
Marine animals 56 (0.9)
Other and unidentified animals 154 (2.6)
Other toxic substances 43 (0.7)
Unknown substances 28 (0.5)
Total 5,997 (100)
Unit: n (%).
(7.6%); other and unknown sedatives, antipsychotics, and “natural toxic substances,” “bee stings” were the most common

sleeping pills (5.8%); acetaminophen-containing analgesics (6.0% of the total) (Table 1) (Supplementary Table 1; available
and antirheumatics (5.2%); and other and unknown antide- online).

pressants (2.5%) were the most common primary exposure

substances (Table 1). Among gases, “carbon monoxide” was 3. Types of Common Primary Substances of

the most common (12.3% of the total); among “artificial toxic Exposure according to the Intentionality of
substances,” “household products containing sodium hypo- Poisoning
chlorite” were the most common (2.7% of the total). Among In cases of intentional poisoning, the most common
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primary substances (sub-category) were benzodiazepines
(20.9%); zolpidem (10.9%); carbon monoxide (9.2%); oth-
er and unknown sedatives, antipsychotics, and sleeping pills
(8.1%); and acetaminophen-containing analgesics and anti-

rheumatics (7.3%) (Table 2).

4. Severe Poisoning
Of the 5,997 patients, 2,748 (45.8%) experienced severe
poisoning. The meantstandard deviation age of these patients

was 51423 years, which was higher than that (38+19 years) of

patients who experienced non-severe poisoning. The propor-
tion of patients with suicide as the reason for poisoning was
also higher in the severe poisoning group (41.6%) than in the
non-severe group (32.6%) (Table 3). The most common pri-
mary exposure substances in the severe poisoning group were
benzodiazepines (372 patients; 13.5%), carbon monoxide (327
patients; 11.9%), zolpidem (250 patients; 9.1%), glyphosate
(134 patients; 4.9%), and other and unknown sedatives, anti-
psychotics, and sleeping pills (128 patients; 4.7%). Treatments

such as gastric lavage, activated charcoal use, intubation,

Table 2. Frequency ranking of high-frequency primary intoxicants in intentional poisoning
Primary substances n
Benzodiazepines 839 (20.9)
Zolpidem 436 (10.9)
Carbon monoxide 368 (9.2)
Other and unknown sedatives/antipsychotics/sleeping pills 324 (8.1)
Analgesics/antipyretics/antirheumatics containing acetaminophen 292 (7.3)
Other and unknown antidepressants 146 (3.6)
Glyphosate 127 (3.2)
Antipsychotics 105 (2.6)
Glufosinate 101 (2.5)
Selective serotonin receptor inhibitors 98 (2.4)
Household products containing sodium hypochlorite 96 (2.4)
Beta-blockers 87 (2.2)
Other and unknown pesticides 78 (1.9)
Other and unknown herbicides 61 (1.5)
Other and unknown therapeutic drugs 50 (1.2)
Organophosphorus 46 (1.1)
Lithium 41 (1.0
Other and unknown analgesics 38 (0.9)
Valproic acid 35(0.9)
Other therapeutic drugs 35 (0.9)
TCA antidepressants 34(0.8)
Other and unknown anticonvulsants 34 (0.8)
Diphenhydramine 34 (0.8
Other cardiovascular drugs 33 (0.8)
Pyrethroids 30 (0.7)
Other 450 (11.2)
Total 4,018 (100)
Unit: n (%). TCA=tricyclic antidepressant.
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Table 3. Compare characteristics of severe poisoning vs non-severe poisoning

Total poisoning cases (n=5,997)

Severe poisoning (n=2,748 [45.8%])

Non-severe poisoning (n=3,249 [54.1%)])

Average age (yr)+standard 51+23
deviation
Reason for addiction
1 Suicidal intent
2 Workplace poisoning
3 General accidents
4 Other accidental poisoning
5 Environmental poisoning
Substances
1 Benzodiazepines
2 Carbon monoxide
3 Zolpidem
4 Glyphosate
5 Unknown tranquilizers,
antipsychotics, and sleeping pills
Treatment
Gastric irrigation 529 (19.3)
Activated charcoal 467 (17.0)
Intubation 483 (17.6)
Mechanical ventilation 370 (13.5)
CRRT 63 (2.3)
HD 17 (0.6)

38+19

3,642 (41.6) Suicidal intent 1,950 (32.6)
551 (6.3)  General accidents 190 (3.2)
470 (5.4)  Workplace poisoning 134 (2.2)
357 (4.1)  Environmental poisoning 110 (1.8)
306 (3.5) Misuse (intentional misuse) 81 (1.4)
372 (13.5) Benzodiazepines 503 (15.5)
327 (11.9) Carbon monoxide 413 (12.7)
250 (9.1)  Bee 298 (9.2)
134 (4.9)  Analgesics-antipyretics 232(7.2)

with acetaminophen-
antirheumatics
128 (4.7)  Unknown sedatives- 218 (6.7)
antipsychotics-sleeping pills
409 (12.6)
504 (15.5)
0(0.0)
0 (0.0)
0 (0.0)
0 (0.0)

Unit: n (%). CRRT=continuous renal replacement theraphy; HD=hemodialysis.

mechanical ventilation, continuous renal replacement therapy,
and hemodialysis were performed significantly more frequent-
ly in the severe poisoning than in the non-severe group (Table

3).

5. Major Signs and Symptoms

The major physical signs and symptoms of poisoning in-
cluded cardiovascular changes (10,507 patients) (Figure 2),
hypertension (2,960 patients; 49.4%), hypotension (1,457 pa-
tients; 24.3%), increased heart rate (1,835 patients; 30.6%),
and decreased heart rate (614 patients; 10.2%). The most

common neurological symptoms were dizziness (866 patients;

www.phwr.org Vol 17, No 14, 2024

14.4%), followed by headaches (408 patients; 6.8%). Seizures
occurred in 51 patients (0.9%). The most common gastro-
intestinal symptom was liver dysfunction (1,083 patients;

18.1%) (Supplementary Table 2; available online).

6. Treatment

Among the 3,565 recorded treatment activities, general
poisoning treatment was administered in 53.7% of patients,
intensive care treatments in 42.5%, and specialized drug elimi-
nation in 3.8% (Table 4). Among the general poisoning treat-
ments documented, gastrointestinal lavage (939 patients)

and activated charcoal administration (972 patients) were
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Figure 2. Number of occurrences by symptom and sign series

performed at similar rates. For intensive care, the most com-
monly performed intervention was endotracheal intubation
(487 patients), followed by mechanical ventilation (370 pa-
tients) and vasopressor administration (235 patients). Among
specialized drug elimination procedures, continuous renal re-
placement therapy was performed in 63 patients and urine al-
kalinization in 40 patients (Table 4).

Of the 3,621 patients with intentional oral poisoning (in-
tentional poisoning via oral route), 887 (24.5%) had under-
gone gastric lavage, while 921 (25.4%) received activated char-
coal. A total of 290 patients underwent hyperbaric oxygen
therapy, and among the 99 patients with severe exposure to
carbon monoxide (carboxyhemoglobin >25%), 64 (64.6%) re-
ceived hyperbaric oxygen therapy. The ED dispositions of 35
patients who did not receive hyperbaric oxygen therapy were
7 deaths, 13 transfers, 6 ICU admissions, 1 medical-surgical
admission, 7 discharges against medical advice (AMA), and 1

discharge due to symptom improvement (Table 5).
7. Use of Antidote

A total of 19 antidotes were administered at least once. The

most commonly used antidote was flumazenil (428 patients,
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Table 4. Types and frequency of treatment in poisoning
patients
Type n
General treatment 1,916 (53.7)
Gastric lavage 939 (26.3)
Single activated charcoal 972 (27.3)
Whole bowel irrigation 5(0.1)
Irrigation 211 (5.9)
Advanced drug elimination 135 (3.8)
CRRT 63 (1.8)
Hemodialysis 17 (0.5)
Hemoperfusion/hemofilitration 4(0.1)
MDAC 11 (0.3)
Urine alkalinization 40 (1.1)
Critically ill patient treatment 1,514 (42.5)
Intubation 487 (13.7)
CPR 65 (1.8)
Cardioversion 14 (0.4)
ECMO 3.1
Hyperbaric oxygen treatment 290 (8.1)
Mechanical ventilation 370 (10.4)
Pacemaker 0(0.0)
Therapeutic hypothermia 17 (0.5)
Transfusion 33(0.9)
Vasopressor 235 (6.0)
Total 3,565 (100)
Unit: n (%). CRRT=continuous renal replacement theraphy;
MDAC=multidose activated charcoal; CPR=cardiopulmonary
resuscitation; ECMO=extracorporeal menbrane oxygenation.

43.0%; serving as an antagonist for benzodiazepine poison-
ing), followed by N-acetylcysteine for acetaminophen poison-
ing (242 patients; 24.3%), thiamine for alcohol poisoning and
Wernicke’s encephalopathy (201 patients), insulin euglycemic
therapy (113 patients), 2-PAM and atropine for organophos-
phate poisoning (44 patients and 58 patients, respectively),
and lipid emulsion (113 patients) (Figure 3). Among 876 pa-
tients with benzodiazepine poisoning, flumazenil was adminis-
tered to 209 patients (23.9%). Among 93 patients with snake-

bite, 65 received an antivenom serum (Table 5).
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Table 5. Common treatment and antidote utilization rates
Types of poisoning Patients Types of treatment Treatment (%)
Intentional oral exposure 3,621 Gastric irrigation 887 (24.5)
Intentional oral exposure 3,621 Activated charcoal 921 (25.4)
Severe carbon monoxide exposure 99 Hyperbaric oxygen therapy 64 (64.6)
(carbon monoxide hemoglobin in blood =25%)
Benzodiazepine poisoning 876 Flumazenil antidote 209 (23.9)
Snake bite 93 Antivenom 65 (69.9)
500 1 mm n o0
428 — 9
400 - m - 40
300 - - 30
242
c ZOO-Z‘ﬂ3 20 X
113
100 - s - 10
01 0272°T03 01" 13" 01 02048705713 06 12 07|
-100-2 2 22 E§E 22 2% T3 S5 E a5 2 2k-
T X 2835 BT SL RENPRESE2EL 2E
£ 0 & £ § 0 8 £ - ® 8 a & g © 2 3 o
s s 2 g 858 dg g @358 s 2 e 35 2
> 5 < 9 © 9 c ST E® Q8 o E§5 2 5
o) pad E -CC) [0} o (s} = [&] = [0 - o
3 nl_ o o 1= T o g E - E’
I <& @ S = 9 s 8 =& 3
z (6} = © s > 4 s
> [ > D
S T g
o
2 S
z c
© £
8 3
© £
IS
o
<
Q.
[%2]
o
<
o

Figure 3. Type and frequency of antidotes

8. ED Disposition

The ED dispositions were as follows: symptom improve-
ment and discharge home (2,287 patients; 38.1%), discharge
AMA (1,520 patients; 25.3%), ICU admission (1,016 patients;
16.9%), medical-surgical admission (918 patients; 15.3%),
and others (53 patients; 0.9%) (Figure 1).

A total of 102 deaths were reported due to poisoning, ac-
counting for 1.7% of the total analyzed patients. Among them,
34 died in the ED, whereas 68 died after admission (Table

6). Among deceased patients, the proportion of male patients

www.phwr.org Vol 17, No 14, 2024

(70.6%) was more than two-fold higher than that of female pa-
tients. The most common age group among deceased patients
was >70 years (60.8%), followed by 60-69 years (16.7%), 40~
49 years (5.9%), 30-39 years and 50-59 years (4.9% each),
10-19 years (3.9%), and 20-29 years (2.9%) (Table 6). The
most common poisoning substance was pesticides (59.8%),
followed by therapeutic drugs (17.6%), artificial toxic sub-
stances (10.8%), gases (9.8%), natural toxic substances (1.0%),
and unknown toxic substances (1.0%) (Table 6). The most

common reason for poisoning among deceased patients was
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Table 6. Poisoning characteristics of death patients
Poisoning characteristics N
Location of death
Death in the emergency department 34 (33.0)
Death after hospitalization 68 (67.0)
Sex
Male 72 (70.6)
Female 30 (29.4)
Age (yr)
Under 10 -
Teens 4(3.9)
20s 329
30s 5 (4.9)
40s 6 (5.9
50s 5(4.9)
60s 17 (16.7)
70s and older 62 (60.8)
Poisoning substances (major category)
Medications 18 (17.6)
Pesticides 61 (59.8)
Gases 10 (9.8)
Man-made toxins 11 (10.8)
Natural toxins 1(1.0)
Other toxic substances -
Unknown toxic substances 1(1.0)
Reasons of poisoning
Suicide-self-injurious purpose 86 (84.3)
Unknown 4(3.9
Environmental poisoning 3(2.9)
Misuse (misinformed use) 2(2.0)
Intentional poisoning but don’t know why 2(2.0)
Overdose (drug addiction) 1(1.0)
Other 1(1.0)
Other accidental poisoning 1(1.0)
Drug side effects 1(1.0)
General accidents 1(1.0)
Unit: n (%). -=not available.

suicide/self-harm (84.3%), followed by unknown (3.9%), in-
tentional but unknown reason, misuse (2.0% each), overdose
(1.0%), others (1.0%), accidental poisoning due to other acci-

dents (1.0%), adverse drug reactions (1.0%), and general acci-

dents (1.0%) (Table 6).
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Discussion

This descriptive study analyzed various epidemiological
characteristics, including cause of poisoning, route of expo-

sure, and common and primary exposure substances, as well
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as the clinical course (e.g., symptom, treatment, and mortality)
of patients who experienced poisoning using the ED-based In-
Depth Poisoning Surveillance and case analysis data from June
2022 to May 2023. The study revealed differences in epide-
miological characteristics according to age and reason for poi-
soning. During the survey period, 5,997 patients were admit-
ted to 15 ED facilities nationwide due to poisoning, and 86.3%
of them were adults aged >20 years. This figure contrasts with
the 46.7% incidence rate among children aged <12 years doc-
umented by America’s Poison Centers in the 2021 annual re-
port [6] and the 46.6% incidence rate among children and ad-
olescents aged <19 years reported by the Seoul Poison Control
Center [7]. However, these rates align closely with those re-
ported among children in a study on poisoning based on ED
data [8]. This difference can be explained by the inclusion
criteria of reports from America’s Poison Centers and Seoul
Poison Control Center, which include all patients who experi-
enced poisoning identified during ED consultations. The use
of this criteria led to the inclusion of a higher proportion of pa-
tients who experienced unintentional exposures and children,
compared with hospital-based studies of poisoning.

In this study, the most frequently encountered substances
were benzodiazepines, other and unknown sedatives, antipsy-
chotics, sleep aids, bees, carbon monoxide, other unknown an-
tidepressants, and antipsychotic drugs, underscoring the prev-
alence of therapeutic drugs (Supplementary Table 1; available
online). This finding is in line with those of a previous Korean
study [8]. Among children aged <10 years, poisoning was un-
intentional in all cases, predominantly occurring outdoors or
at home due to general accidents, with household items such as
cosmetics and home cleaning agents (e.g., bleach) being often

involved. Except for unknown disposition cases, all children

www.phwr.org Vol 17, No 14, 2024

aged <10 years were normally discharged after hospital care.
Previous studies investigating the characteristics of pediatric
patients who experienced poisoning in the ROK consistently
reported that poisonings in the 0-9-year age group are typical-
ly unintentional and caused by exposure to therapeutic drugs
or household chemicals [9]. Infants and young children, driven
by curiosity and exploration, exhibit low risk awareness, ren-
dering them more vulnerable to exposure to household chemi-
cals and medications [10]. Thus, adult caregivers of infants
and young children at home and caregiving facilities should be
provided with preventive education on poisoning accidents,
tailored to their age and developmental factors.

Although the symptoms of acute poisoning are often non-
specific and diverse, this study identified cardiovascular symp-
toms as the most prevalent (18.1%), including electrocardio-
gram abnormalities (prolonged QTc interval; men >430 ms,
women =440 ms), hypertension, tachycardia, hypotension,
bradycardia, and arrhythmias (Supplementary Table 2; avail-
able online). Gastrointestinal symptoms included abdominal
pain, vomiting, diarrhea, gastrointestinal bleeding, mucosal
damage, perforation, and liver dysfunction (Supplementary
Table 2; available online). However, caution is needed when
interpreting these results, especially in differentiating whether
blood test results or electrocardiogram arrhythmias are due to
underlying conditions or acute poisoning. Despite these limita-
tions, the In-Depth Poisoning Surveillance system is a valuable
tool for monitoring serious damages or complications arising
from newly released drugs or products [11].

In this study, the predominant general treatment was ad-
ministration of activated charcoal (972 patients), whereas the
most common specialized drug elimination treatment was con-

tinuous renal replacement therapy (63 patients). Intubation
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was the most frequently performed intensive care treatment
(487 patients). The most frequently administered antidote
was flumazenil (428 patients), followed by N-acetylcysteine
(242 patients), correlating with the high number of benzodi-
azepine poisoning cases identified in our study. However, the
utilization rate of flumazenil as an antidote for benzodiazepine
poisoning was only 23.9%, possibly influenced by the clinical
guidelines governing its application as an antidote for benzo-
diazepine poisoning [12]. The present study is the first in the
ROK to define and analyze appropriate treatment rates for poi-
soning patients. Among intentional oral poisoning patients,
gastric lavage was performed in 24.5%, whereas activated char-
coal was administered in 25.4%. Despite the recent preference
for activated charcoal over gastric lavage, the rates for these
two general poisoning treatments were similar. Among severe
carbon monoxide poisoning patients, hyperbaric oxygen treat-
ment was administered in 64.6%, with 13.1% transferred for
hyperbaric oxygen treatment and 6.0% admitted to the ICU
without receiving the treatment. This finding suggests the need
for appropriate facilities for administering hyperbaric oxy-
gen treatment and specialized hyperbaric oxygen equipment
for critically ill patients requiring intubation and mechanical
ventilation. The antivenom administration rate in snakebite
patients reached 69.9%, indicating that ongoing monitoring
could assist in estimating the appropriate range of antivenom
treatment rates in the ROK and contribute to the calculation of
antivenom stockpiles.

Approximately 38.1% of the total patients included in the
analysis were discharged home after demonstrating symptom
improvement following treatment in the ED. However, 16.9%
and 15.3% of the patients were admitted to the ICU and gener-

al ward, respectively. Notable, a considerably high proportion
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of patients (25.3%) refused treatment and hospital admission
and were discharged AMA. Although the AMA rate is typical-
ly around 1-2% among all patients presenting to the ED, the
AMA rate among poisoning patients is 15-19%. This under-
scores the need for social management systems to address indi-
viduals facing criminal, ethical, or financial repercussions due
to the misuse and abuse of drugs or the use of illegal drugs [10].

During the survey period, the primary substances causing
death were pesticides (59.8%, 61 patients), specifically glypho-
sate and organophosphates. Two patients ingested paraquat
(Gramoxone), a substance banned since 2012. The mortal-
ity rate from pesticide poisoning is high, ranging from 47%
to 69.5%, as reported in numerous studies [5]. Although the
overall mortality rate due to poisoning has decreased following
the 2012 ban on paraquat pesticides, the incidence and mor-
tality rates due to glyphosate and organophosphate poisonings
have been on the rise [13]. The establishment and improve-
ment of poisoning-related regulations significantly impact the
incidence and prognosis of poisoning cases, underscoring the
need for continuous monitoring. Ongoing concerns surround
the rise in acetaminophen poisoning cases following the 2012
regulation allowing the sale of over-the-counter medications
in convenience stores. In this study, acetaminophen poison-
ing accounted for 5.2% of all poisoning cases, ranking as the
fourth most frequent poisoning substance. Continuous moni-
toring is necessary to validate the impact of this regulation and
understand its adverse effects. Such in-depth surveillance can
serve as a management strategy to monitor the adverse effects
of the sales of over-the-counter medications intended for pub-
lic convenience.

Although the majority of poisoning occurred in young and

middle-aged adult groups (20-59 years), most deaths involved
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individuals aged =60 years. This can be attributed to the higher
incidence of poisoning due to pesticides, a major cause of death
among older adults, and the physiological vulnerability of older
patients who are likely to have underlying health conditions,
leading to poorer prognoses [2]. These findings suggest the
need for increased society-wide attention (e.g., case manage-
ment for older poisoning patients) and a more aggressive and
focused treatment system for older patients who experience
poisoning. This is particularly crucial, given the accelerated ag-
ing of the Korean population toward a super-aged society.

This study presents the results of an ongoing research proj-
ect aimed at specifically understanding the characteristics, clin-
ical manifestations, treatment status, and outcomes of nation-
wide poisoning cases using the existing in-depth survey data
of ED patients with injuries. Particularly, this study conducted
an in-depth survey and analysis of the signs and symptoms of
poisoning as well as treatment and cause of death. The study
is significant in reviewing the types of frequently exposed sub-
stances according to the reason for poisoning and severity of
poisoning and presenting the definition and status of appro-
priate poisoning treatment. Continued follow-up studies and
analyses would enable real-time and annual surveillance and
monitoring of poisoning cases, potentially serving as a basis for
developing national policies on the management of toxic sub-

stance poisoning.
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B 7130l pyrethroid AIE AFA2] Fuf&o] 50%7}
dow, B WA FE ol H-82 oF 114.5 wigk Yoz
el ATt

@ AIMEE?

S5t oFEe) A4H gL g
L5} of|, o] 2 A5 X8k ‘ﬂ'xﬂ Fe
WA 5o, 435 A §5

7] 49 A A ol ng_o}r,}.

57 WA B2 A, shehd uA, 2874 WA=

wEHS5]L =24 BAlE FUA &2 Y ol&sto] wWiAA

Py

g wystel WEE ZolAL, £3 4K 2 43 FAH 5
AASH Aol B3k WAl A% R 9]
A2 olgste] 719 43 L RFL AL Wt

2184 WA= v EBacillus thuringiensis israelensis, Bti)

o
il
jg

—

i

T2 AA EZ (essential oil) 5, 5

A, 2
A Fofjste WAl FES Sote] AR BT A A%

= B3 7182 BAEAROA dege 12021 shet
ZASA G A =272 FASHATHO]. B 7oA

1. 202249 WA FE Fof H]E
017 102+ et
A-E 2022\ HiH| QHZ TL0H H|(%) 20219 HH| HE 104 H|R(%) (%) | |2
A& 1,641 (5.5) 1,173 (4.2) 468 (39.9) 17.5
AA 1,456 (4.9) 1,347 (4.8) 109 (8.1) 48.5
i 311 (1.0) 304 (1.1) 7(2.3) 22.2
SIS 471 (1.6) 366 (1.3) 105 (28.7) 33.6
o 798 (2.7) 729 (2.6) 69 (9.5) 33.3
24k 554 (1.9) 503 (1.8) 51 (10.1) 50.4
HAE 1,720 (5.8) 1,574 (5.6) 146 (9.3) 52.1
AlE 132 (0.4) 125 (0.4) 7 (5.6) 33.0
7371 4,703 (15.9) 4,305 (15.3) 398 (9.2) 34.6
Y 1,539 (5.2) 1,638 (5.8) A99 (16.0) 102.6
8 1,491 (5.0) 1,502 (5.3) A1 (A0.7) 93.2
34 2,585 (8.7) 2,626 (9.3) A4l (A1.6) 123.1
BE 2,268 (7.6) 2,112 (7.5) 156 (7.4) 87.2
A 2,818 (9.5) 2,964 (10.5) A146 (A4.9) 85.4
A 1,841 (6.2) 1,824 (6.5) 17 (0.9) 102.3
A 4,953 (16.7) 4,804 (17.1) 149 (3.1) 275.2
A 373 (1.3) 258 (0.9) 115 (44.6) 53.3
A 29,654 28,154 1,500 (5.3) 57.7
oo a9 A 20219 div] WA B8 A4
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H2.20229 Fulig A of

it
)
ne

= HZLHA AE 22X g L0 HIE(%)
oo BHA| ok 355 HHARo|EA D-Hx=E 6,506 (21.9)
EHIEA 4,573 (15.4)
Hrpolgtz A 1,659 (5.6)
vl A 964 (3.3)
et ER 940 (3.2)
Aol EF 307 (1.0)
Gupato] | A 146 (0.5)
HYEY 105 (0.4)
U-AA/ERATLH EY 24(0.1)
fE AZo|=A A 15,224 (51.4)
%  IGR Hl 2 2ol ZFHRE 3,173 (10.7)
HEZHFE 75 (0.3)
HIAERZERE 45 (0.2)
LHRE 6 (0.0)
T ZEAHA T ZEAH 139 (0.5)
ZEEA S-T| E 128 (0.4)
IGR 34 3,566 (12.0)
355 194 Hle 2 A 1,253 (4.2)
gEE28A 102 (0.3)
o]z A 43 (0.1)
R71%1A &A 1,398 (4.7)
4% T UA THARO|E+HSIHRTIA D-Hl AU+TEAT 673 (2.3)
T AZo|E+TARO|E  Ato|HH AT+ EgtH| A 108 (0.4)
T A 2o E+R7]Q1A AolHr| A+ Z 2 2HEA 43 (0.1
D AZo|E4+mFPARO|E  o]u| TR AZ+T]-TS0-AlH A2 25(0.1)
T AZo|E+HIZYL-HolA] HuAH+RHIIE 21 (0.1)
T AZo|E+L AT ob NEHILEA+S-QIEAIFIE 16 (0.1)
=3 A A 886 (3.0)
45 Y| QY T E| o] = A o e Ft 206 (0.7)
ot} ER x| = 100 (0.3)
Y eYsiE o= A A 306 (1.0)
shah A FE T 21,380 (72.1)
A3 HA FE - KF NEY AIA Bti 1,069 (3.6)
AT AA AT AE 276 (0.9)
A g 2dA T EHAA 192 (0.6)
Al 24 e 91 (0.3)
A FA FE S 1,628 (5.5)
7|5 oF& - Unknown ol7lEd 4,679 (15.8)
ogiEoEotuie I 2 QUo]E 1,406 (4.7)
g E Fotu|= 562 (1.9)
719 k& 5 6,647 (22.4)
A 29,654 (100.0)

@9]: Wet . IGR=Insect Growth Regulator; Bti=Bacillus thuringiensis israelensis.
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2715 AL 94 AFFHEY], wtE, vegE )l did
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2 I

1. 20224 A 2%E o

20229 WA kEFS gt B4 7132 36170 7L
2 ZRIEYon, Fuf v]8-2 29,654 WYt Yoz 20214
el 1,500 Rt A(5.3%) S7FoFATHE 1). I+ 109+
S A S B 57.7 Wit oo, QI ojH] WA ul&
o] &2 AL HH(275.2 Wit Yoz FI=gict. Fufigt
WA okE ZF sHsh okF Fule2 77.6% (23,008 HTF ),
719 OFFE-L 22.4% (6,647 W%t 9), X&F FEF2 5.5%

(1,628 Wtk @)= el qdrt.

2. &g 7|Al0f 2 %E H|m
ASAY A8 712PE R A oFEe RS 28], F

1271 A& &85+

51.4%% % A F

R

UARIL(FHE 2), L F pyrethroid A E-2
P =2 Fufgo] It o2
O 2 benzoylurea A E(11.3%), organophosphate A& (4.7%)

=, &9 370 AE B ot ofF o= SRlF .

N

rlo

o] & A FE AlE(90.9%) 2.2 Sl = et
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i OI
—

20139 5E 20229747] oAl SAY S Tehejof Skt
= & 5,204% 2%, "|d 5007 o LASHATHI]. = A
o] EE3LT Y& WAHAR QA5te] 23}, 33} BHito] 7HsE)
710 wi7fA W& el ufe Fastch mEbA B RALA
= Wl 27] BeE Yo B 7ol A gt B FES
&oto] 1] A A Zelstint.

20229 A B4 7|@ol|A Tt FA FES
29,654 ¥igk oz 20219 thH] <F 1,500 W5k A(5.3%)
&SotAtt. 1 105 B Hat oA 57.7 Wit o g
A=At A FE F 35 FEY FHES 72.1%=, A
4 FEG.5%ET Wol Fuislet. WA FES 28 7]

AEz 2R 23 5 127 AL g3 RoE Fly

o

d

H3.20229 A% A 13) WA &E o) v
WA 2FE O HIE(%)
NS — - Total
s {5

g 708 (48.1) 765 (51.9) 1,473
AA 793 (67.7) 378 (32.3) 1,170
=k 192 (67.8) 91 (32.2) 283
T 323 (73.1) 119 (26.9) 442
o 468 (64.8) 254 (35.2) 730
24t 267 (75.9) 85 (24.1) 352
H A 977 (65.4) 516 (34.6) 1,493
AE 100 (90.9) 10 (9.1) 110
FAA(Bt) 479 (63.3) 277 (36.7) 756
7371 2,846 (70.1)  1,215(29.9) 4,061
sl 900 (84.9) 160 (15.1) 1,059
e 917 (80.8) 218 (19.2) 1,135
3 1,262 (68.4) 582 (31.6) 1,858
AR 1,220 (81.9) 269 (18.1) 1,497
g 1,575 (74.6) 536 (25.4) 2,111
A8 991 (81.0) 233 (19.0) 1,224
A 2,892 (77.2) 855(22.8) 3,747
A F 230 (87.8) 32(12.2) 262
T AY(EE) 1,426 (75.8) 456 (24.2) 1,881
A 16,661 (72.5) 6,318 (27.5) 22,979
ko Wt 9,
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= HAA
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5% 7] #2(integrated mosquito man-

Qth24]. E3F =] A (IMM)

T4 52597455 0A v1&(2018-2022¢)
YR 22 FOHE(O
oz 4l 2%4Z FIHE(%)
Nz [
2018 73.9 26.1
2019 73.8 26.2
2020 773 22.7
2021 74.1 25.9
2022 72.5 27.5
Bt 74.3 25.7
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Current Status of Domestic Mosquito Control in 2022

Gi—Hun Kim, Chang-Won Jang, Sun-Ran Cho, Hee-Il Lee*

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

ABSTRACT

In the Republic of Korea, mosquitoes are an important vector of various diseases, including malaria and Japanese encephalitis.
As mandated by the [Infectious Disease Control and Prevention Act], the Public Health Center must implement vector control
to suppress the occurrence and spread of mosquito-borne diseases. This survey investigates the status of mosquito control
was confirmed by the insecticide purchased by the Public Health Center. The 2022 insecticide purchases amounted to 29,654
million won, representing a 5.3% increase (1,500 million won) compared to 2021. The purchase rate of chemical insecticides
was confirmed a 72.1% comparing eco-friendly insecticides at 5.5%. Classification of insecticides by mode of action resulted
in a total of 12 classes, with the pyrethroid accounting for the largest proportion (51.4%). When comparing insecticide
purchase rates by growth stage, the adulticide purchase rate (72.5%) was higher than the larvicide purchase (27.5%). Analysis
of insecticides purchased by public institutions, reveals a dependence on chemical control for adult mosquitos. However,
long-term use of chemicals has a number of side effects, including the development of insecticide resistance. Therefore, it is
necessary to develop a new control strategy that reduces the side effects of chemical agents by using eco-friendly or physical

control instead of chemical control, while also targeting both adults and larvae in an appropriate ratio.

Key words: Public health; Mosquito control; Insecticide; Chemical; Pyrethroid
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Introduction

Mosquitoes pose a significant health risk as vectors of vari-
ous diseases such as malaria, dengue, chikungunya fever, and
Zika virus infection [1]. In the Republic of Korea, mosquito-
borne diseases include malaria, transmitted by Anopheles spp.,
and Japanese encephalitis, transmitted by Culex tritaeniorhyn-
chus [2]. In addition, Aedes albopictus and Culex pipiens com-

plex that transmit dengue fever, Zika virus infection and West

568

Nile fever, which are diseases that do not occur domestically
but are highly likely to be introduced, are distributed nation-
wide [3,4].

Public health centers and health center and county hospi-
tal (hereinafter referred to as public health institutions) con-
duct basic medical and public health services to improve and
promote public health within their respective regions. Public
health institutions are established by local governments under

[Article 10 of the Regional Public Health Act] and are engaged
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Key messages
(D What is known previously?

Public Health Centers primarily rely on chemical control
to suppress the spread of mosquito-borne diseases.

(@ What new information is presented?

The purchase rate of pyrethroid-based insecticides in
health institutions across the country surpasses 50%. The
average cost of purchasing these pesticides was approxi-
mately 114.5 million won.

® What are implications?

It is necessary to develop a control strategy that reduces
the side effects of conventional chemical insecticides by
implementing eco-friendly or physical control measures
in place of chemical control, and by targeting both adults
and larval mosquitoes in appropriate proportions.

in activities such as sanitation, pest control, and surveillance of
patients with vector-borne diseases.

Mosquito control methods are categorized into physical,
chemical, and eco-friendly approaches [5]. Physical control
involves using attractants or light to capture vectors, reducing
their density, and eliminating larval habitats and adult nesting
places. Chemical control focuses on killing adult mosquitoes
and larvae using insecticidal agents. Eco-friendly control em-
ploys microorganisms (Bacillus thuringiensis israelensis [Bti]),
natural substances (such as essential oils), and aquatic animals
(natural enemies) to reduce mosquito larva density.

Health institutions are controlling mosquitoes, but it is very
difficult to grasp the overall status of control because each in-
stitution uses different vector control insecticides. Therefore,
this study aims to indirectly assess the status of mosquito con-
trol by analyzing insecticides purchased by health institutions

nationwide.

www.phwr.org Vol 17, No 14, 2024

Methods

Health institutions in the Republic of Korea were identified
based on information provided in the second half of the 2021
National Regional Health Care Institutions report published
by the Ministry of Health and Welfare [6]. To investigate pest
control drugs purchased by public health institutions, the pur-
chase of insecticides (item number: 10191509) from January
to December 2022 was investigated using data procured
from the Procurement Information Open Portal of the Public
Procurement Service [7]. We selected and analyzed insecticides
for mosquitoes from among various sanitary pests (ticks, flies,

cockroaches, etc.).

Results

1. 2022 Purchase Status of Vector Control

Insecticides

In 2022, a total of 361 health institutions purchased vector
control insecticides, amounting to a total cost of KRW 29,654
million, marking an increase of KRW 1,500 million (5.3%)
compared with the cost in 2021 (Table 1). The average cost of
pest control per 100,000 people was KRW 57.7 million, with
Jeonnam being the region with the highest control cost relative
to the population (KRW 275.2 million). Among the purchased
vector control insecticides, 77.6% (KRW 23,008 million) were
chemical insecticides, 22.4% (KRW 6,647 million) were re-
pellents, and 5.5% (KRW 1,628 million) were eco-friendly

insecticides.
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Table 1. Increase or decrease in the cost of purchased insecticides in 17 provinces in 2022
. . . . -~ Average mosquito control
PIOVIOS - Crcidon n 2022 %) insetiodesin 2021 0 cost G | costper 100000
populations

SE 1,641 (5.5) 1,173 (4.2) 468 (39.9) 17.5

IC 1,456 (4.9) 1,347 (4.8) 109 (8.1) 48.5

DJ 311 (1.0) 304 (1.1) 7(2.3) 22.2

GJ 471 (1.6) 366 (1.3) 105 (28.7) 33.6

DG 798 (2.7) 729 (2.6) 69 (9.5) 33.3

UsS 554 (1.9) 503 (1.8) 51 (10.1) 50.4

BS 1,720 (5.8) 1,574 (5.6) 146 (9.3) 52.1

SJ 132 (0.4) 125 (0.4) 7 (5.6) 33.0

GG 4,703 (15.9) 4,305 (15.3) 398 (9.2) 34.6

GW 1,539 (5.2) 1,638 (5.8) A99 (16.0) 102.6

CB 1,491 (5.0) 1,502 (5.3) A1l (A0.7) 93.2

CN 2,585 (8.7) 2,626 (9.3) A41 (A1.6) 123.1

GB 2,268 (7.6) 2,112 (7.5) 156 (7.4) 87.2

GN 2,818 (9.5) 2,964 (10.5) A146 (74.9) 85.4

JB 1,841 (6.2) 1,824 (6.5) 17 (0.9) 102.3

JN 4,953 (16.7) 4,804 (17.1) 149 (3.1) 275.2

)i 373 (1.3) 258 (0.9) 115 (44.6) 53.3

Total 29,654 28,154 1,500 (5.3) 57.7
Unit: million won. SE=Seoul; IC=Incheon; Dj=Daejeon; GJ=Gwangju; DG=Deagu; US=Ulsan; BS=Busan; SJ=Sejong; GG=Gyeonggi-do;
GW=Gwangwon-do; CB=Chungcheongbuk-do; CN=Chungcheongnam-do; GB=Gyeongsangbuk-do; GN=Gyeongsangnam-do: JB=Jeollabuk-
do; JN=Jeollanam-do; JJ=Jeju-do. A Decreased purchase amount of mosquito control chemicals compared to 2021.

2. Comparison of Vector Control Insecticides by
Mechanism of Action
The vector control insecticides were classified into 12 class-
es based on the mechanism of action of pesticides [8] (Table 2).
pyrethroid were confirmed to have the highest purchase rate
at 51.4%, followed by benzoylurea (11.3%) and organophos-
phote (4.7%).

3. Proportion of Pest Control Drugs by Growth
Stage
Analysis of the proportion of adulticides and larvicides pur-
chased by public health institutions revealed that the purchase
rate of adulticides was 72.5% and that of larvicides was 27.5%

(Table 3). Seoul had the highest purchase rate of larvicides
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(51.9%), whereas Sejong had the highest purchase rate of adul-
ticides (90.9%).

Discussion

From 2013 to 2022, a total of 5,204 cases of malaria were
reported in the Republic of Korea, averaging more than 500
cases annually [9]. Vector management is very important to
reduce the spread of mosquito borne diseases, including malar-
ia. This study examines the status of mosquito control by ana-
lyzing vector control insecticides purchased by public health
institutions.

In 2022, health institutions nationwide spent KRW 29,654

million on vector control insecticides, marking an increase of
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Table 2. Comparison of classes of insecticides purchased in 17 provinces in 2022

Group Target Classes Chemical name Cost (%)
C Adult, larva PY D-phenothrin 6,506 (21.9)
Etofenprox 4,573 (15.4)
\-cyhalothrin 1,659 (5.0)
Bifenthrin 964 (3.3)
Deltamethrin 940 (3.2)
Cypermethrin 307 (1.0)
a-Cypermethrin 146 (0.5)
Permethrin 105 (0.4)
d-cis/trans prallethrin 24 (0.1)
Sub total 15,224 (51.4)
Larva IGR Benzoylureas Diflubenzuron 3,173 (10.7)
Teflubenzuron 75 (0.3)
Bistrifluron 45 (0.2)
Novaluron 6 (0.0)
Pyriproxyfen Pyriproxyfen 139 (0.5)
Hormone S-methopren 128 (0.4)
Sub total 3,566 (12.0)
Adult, larva OP Temepose 1,253 (4.2)
Dichlorvos 102 (0.3)
Pirimiphos 43 (0.1)
Sub total 1,398 (4.7)
Adult Mixture Pyrethroid+LP gas D-fenothrin+Phthalthrin 673 (2.3)
Pyrethroid+pyrethroid Cypermethrin+Tetramethrin 108 (0.4)
Pyrethroid+organophosphate ~ Cypermethrin+Clorpyrifos 43 (0.1)
Pyrethroid+pyrethroid Imiprothrin+d-T80-Cyphenothrin 25 (0.1)
Pyrethroid+benzoylureas Permethrin+Novaluron 21 (0.1)
Pyrethroid+oxadiazines Etofenprox+S-indoxacarb 16 (0.1)
Sub total 886 (3.0)
Adult Neonicotinoid Dinotefuran 206 (0.7)
Imidacloprid 100 (0.3)
Sub total 306 (1.0)
Total of chemical 21,380 (72.1)
E Larva Biotic insectcide Bti 1,069 (3.6)
Spinosyne Spinosad 276 (0.9)
Natural pyrethrin Pyrethrin X 192 (0.6)
Silicone Dimethicon 91 (0.3)
Total of eco-friendly pest control chemicals 1,628 (5.5)
R - Unknown Icaridin 4,679 (15.8)
IR3535 1,406 (4.7)
DEET 562 (1.9)
Total of repellent chemicals 6,647 (22.4)
Total 29,654 (100.0)

Regulator; OP=organophosphate; LP=liquefied petroleum; Bti=Bacillus thuringiensis israelensis; DEET=N,N-diethyl-m-tolumide.

Unit: million won. C=chemical; E=eco-friendly pest control insecticides; R=repellent chemicals; PY=pyrethroid; IGR=Insect Growth
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Table 3. Purchase rate of adult and larval control chemicals
purchased in 17 provinces in 2022

Purchase rate of insecticides

Provinces (%) Total
Adult Larva

SE 708 (48.1) 765 (51.9) 1,473
IC 793 (67.7) 378 (32.3) 1,170
DJ 192 (67.8) 91 (32.2) 283
GJ 323 (73.1) 119 (26.9) 442
DG 468 (64.8) 254 (35.2) 730
Us 267 (75.9) 85 (24.1) 352
BS 977 (65.4) 516 (34.6) 1,493
sJ 100 (90.9) 10 (9.1) 110
Metropolitan 479 (63.3) 277 (36.7) 756

city (mean)
GG 2,846 (70.1) 1,215(29.9) 4,061
GW 900 (84.9) 160 (15.1) 1,059
CB 917 (80.8) 218(19.2) 1,135
CN 1,262 (68.4) 582 (31.6) 1,858
GB 1,220 (81.9) 269 (18.1) 1,497
GN 1,575 (74.6) 536 (25.4) 2,111
JB 991 (81.0) 233 (19.0) 1,224
JN 2,892 (77.2) 855 (22.8) 3,747
7] 230 (87.8) 32 (12.2) 262
Provincial 1,426 (75.8) 456 (24.2) 1,881

(mean)
Total 16,661 (72.5) 6,318 (27.5) 22,979

Unit: million won. SE=Seoul; IC=Incheon; DJ=Daejeon;
GJ=Gwangju; DG=Deagu; US=Ulsan; BS=Busan; SJ=Sejong;
GG=Gyeonggi-do; GW=Gwangwon-do; CB=Chungcheongbuk-
do; CN=Chungcheongnam-do; GB=Gyeongsangbuk-do;:
GN=Gyeongsangnam-do; JB=Jeollabuk-do; JN=Jeollanam-do;
JJ=Jeju-do.

approximately KRW 1,500 million (5.3%) from the cost in
2021. The average cost per 100,000 people was KRW 57.7
million. The purchases of chemical insecticides accounted for
72.1%, which was higher than the purchases of insect repellent
(22.4%) and eco-friendly insecticides (5.5%). Classification
of vector control insecticides based on mechanism of action
revealed 12 classes. Pyrethroid (51.4%) is an insecticide used

for mosquito control worldwide, including in the Republic of
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Korea. Their mechanism involves continuous nerve stimula-
tion, paralysis by interfering with opening and closing of the
voltage of sodium channels in the nerve membrane, and inter-
rupting the electrical signal transmission in the nervous system
[10]. Insect Growth Regulator (IGR), a larval agent, which can
be classified into inhibition of chitin synthesis (benzoylureas),
growth hormone inhibition (such as pyriproxyfen), and inhi-
bition of Adenosine triphosphate (ATP) synthesis from mito-
chondria (such as diafenthiuron) by the mechanism of action
[11]. In the Republic of Kroea, insecticides that inhibit chitin
synthesis or growth hormones were used. In addition, insec-
ticides such as organophosphate, which kills insects by induc-
ing hypersecretion of acetylcholine, and neonicotinoid, which
acts on the nicotine acetylcholine receptor in insects, were pur-
chased [12,13].

While chemical control is widely used in the Republic of
Korea and around the world, the long-term use of chemicals
leads to insecticides resistance and reducing their effective-
ness. According to the World Health Organization (WHO),
78 countries identified insecticides resistance to one class from
2010 to 2020, with 29 of these 78 countries identifying resis-
tance to at least four class (organophosphate, pyrethroid, or-
ganochlorine, and carbamate) [14]. Also, insecticide resistance
to pyrethroid and organophosphate has also been reported
in the Republic of Korea [15,16]. In order to reduce insecti-
cide resistance, insecticide with different mechanisms must be
cross-used. However, pyrethroids are the most registered on
insecticides with the Public Procurement Service, with limited
representation of IGR and eco-friendly insecticides. Therefore,
it is believed that chemical control and physical control should
be used in parallel, or IGR or eco-friendly insecticide should be

alternately used.
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Table 4. Comparison of larvicide exterminators purchased
at public health centers from 2018 to 2022
Purchase rate of insecticides (%)
Year
Adult Larva
2018 73.9 26.1
2019 73.8 26.2
2020 77.3 22.7
2021 74.1 259
2022 72.5 275
Mean 74.3 25.7

Eco-friendly insecticides include substances derived from
natural products (hereinafter referred to as natural substances),
biological control agents such as natural enemies, insect vi-
ruses, parasites, and fungi [17]. The purchase of eco-friendly
insecticides accounted for 5.5% of health institutions in the
Republic of Korea. The global market of eco-friendly insecti-
cides is growing yearly, and approximately 175 eco-friendly in-
secticides have been registered worldwide [18]. The most used
eco-friendly insecticides in the Republic of Korea is the micro-
bial insecticide Bti (3.6%), which is widely effective for larval
control worldwide [19]. Bti operates by entering the bodies of
mosquito larvae and releasing protein toxins, including Cry
4A, Cry 4B, Cry 11A, and Cyt 1A to kill them [20]. In addi-
tion, Natural substances and silicones are used in the Republic
of Korea. However, the limited adoption of eco-friendly insec-
ticides in the Republic of Korea is attributed to their perceived
lower insecticidal efficacy compared to chemical insecticides,
along with delayed confirmation of effectiveness [21].

Comparing the purchasing rate of insecticides by growth
stage among health institutions, the larvicides was covered
27.5%, which is still below the level of developed countries,
though it has been steadily increasing since 2020 (22.7%)

(Table 4). Given that the larvae live in a limited place, they have

www.phwr.org Vol 17, No 14, 2024

an excellent control effect compared to adult control, particu-
larly in restrictive environments such as urban areas compared
to that in agricultural areas with many unspecified habitats
[22,23]. Therefore, integrated mosquito management (IMM),
which minimizes the use of adulticides and increases the pro-
portion of larval control, is recommended [24]. Additionally,
monitoring of larval habitats and mosquito densities, as well as
mosquito control promotion and education, must be carried
out [25]. In Florida, USA, the combined application of ultra-
low volume (ULV) control and larval control of Ae.aegypti
showed a lower average adult density than that shown in the
control group [26]. Therefore, the simultaneous control of lar-
vae and adults through IMM is an efficient strategy for effective
mosquito control.

An analysis of the current state of mosquito control showed
that health institution mainly used chemicals to control adult
insects. Considering the potential side effects of long-term
chemical control such as insecticide resistance, adopting eco-
friendly or physical control measures is advisable. For efficient
control, it is necessary to establish a vector control strategy for

balancing with larval and adult control.
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ABSTRACT

The Korea Disease Control and Prevention Agency (KDCA) operates infectious animal laboratories with biosafety level 2-3

and clean animal rooms. As the number of animal-related studies and the use of laboratory animals have increased recently

in response to exotic infectious diseases, the quality control of laboratory animals has become more important to derive

experimental results that guarantee reliability and reproducibility. This manuscript aims to raise awareness among researchers

conducting animal experiments by guiding the quality control of laboratory animals in terms of microbiology, genetics, and the

environment at the laboratory animal facilities of the KDCA.
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Introduction

Recently, research related to the diagnosis, analysis of infec-
tion characteristics, pathogenicity evaluation, and vaccine de-
velopment of infectious diseases using laboratory animals has
increased owing to the prevalence of overseas infectious diseas-
es such as coronavirus infection and monkeypox. As the use of
laboratory animals has increased, interest in ethical use consid-
ering the welfare of laboratory animals has also increased, and
establishing a management system for the scientific and ethical
use of laboratory animals in animal testing facilities has become
a very important issue [1]. This study aimed to establish the ac-

curacy and reliability of the research and raise awareness of the

www.phwr.org Vol 17, No 14, 2024

ethical and scientific use of laboratory animals by introducing
quality control measures currently carried out at the laboratory
animal facility of the Korea Disease Control and Prevention
Agency (KDCA).

The laboratory animal facilities of the KDCA consist of an
animal laboratory of infectious diseases (animal biosafety lev-
el 2-3 area, ABL2-3 area) and a clean animal room (specific
pathogen-free area, SPF area). According to the biosafety level
and the purpose of the experiment, it is operated as separate fa-
cilities and areas. A biosafety level 2 research facility can handle
pathogens of risk group 2 according to the classification stan-
dards of risk group of a biological agent, i.e., organisms that

cause diseases with mild symptoms and easy to prevent and
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treat, such as Vibrio cholerae and Salmonella spp. A biosafety
level 3 research facility can handle pathogens of risk group 3
such as Mycobacterium tuberculosis complex and human im-
munodeficiency virus, which can cause fatal diseases but can be
prevented and treated. Therefore, biosafety level 3 areas ensure
the biosafety of facility users by maintaining a higher level of air
conditioning, sterilization, and airtight facilities compared with
level 2 areas. The clean animal room is an area where animal
experiments related to chronic metabolic diseases such as obe-
sity and aging can be performed without exposure to patho-
gens. Since all animal laboratories in KDCA are supplied labo-
ratory animals with SPF grade quality regardless of biosafety
level, more attention and management are required for quality
control of such animals compared with other animal labora-
tory facilities. The quality control of laboratory animals can be
largely divided into microbial, genetic, and environmental con-

trol [2].

Microbiological Control of Laboratory
Animals

It is important to suppress the invasion of microorgan-
isms in the laboratory to maintain the SPF grades of laboratory
animals. SPF refers to the absence of a specific pathogen and
a state in which some microorganisms that cause zoonosis are
harmless to humans but cause lethal diseases in animals, and
diseases, even if not fatal, are controlled [3].

To prevent pathogens from entering the laboratory ani-
mal facility, laboratory animal suppliers monitor bacteria when
bringing the experimental animal into the facility, and import
it only if pathogenic microorganisms are not detected. The

transport box for transporting animals should be equipped
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with a filter to block the inflow of microorganisms into the box
and should not be brought in if microbial contamination is
suspected by checking whether the transport box is damaged
or opened. In addition, it is strictly prohibited to remove live
animals that have been handled within the enclosed area inside
infectious animal rooms. After the experiment was completed,
the carcasses of animals were sterilized with a high-temper-
ature and high-pressure autoclave before being removed to
prevent the spread of pathogens. For equipment such as ex-
perimental tools and breeding equipment, hydrogen peroxide
fumigation or ultraviolet sterilization was performed through a
pass room and pass box before being brought in to prevent mi-
croorganisms from entering.

Pathogens can also be introduced through external air or
water, and the air conditioner filter in the air supply port in-
stalled in the laboratory animal facility building. Only filtered
air is supplied through pre-, medium-, and high-efficiency
particulate air filters, and drinking water supplied to the ani-
mals can be purchased and used separately to prevent the in-
vasion of pathogens [4]. In addition, it is important to manage
whether facility users adhere to safety rules and facility usage
procedures to prevent the spread of pathogens. The KDCA’s
laboratory animal facilities are equipped with access control
systems at all entry points, allowing only authorized personnel
to enter through facial or pass card recognition. Furthermore,
on-duty personnel in the control room monitor the interior
and exterior of the laboratories and the main access routes in
real-time through CCTV monitors to prevent unauthorized
access. To obtain access approval from animal laboratories, us-
ers must complete a 2-h theoretical training and a 5-h practical
training. Additionally, they must be registered as participating

researchers in animal experimentation projects, as reviewed
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by the Institutional Animal Care and Use Committee of the
KDCA. To gain access to ABL3, individuals must undergo
an additional 2-h or more of theoretical and practical train-
ing for newcomers in BL3. Facility managers entering the fa-
cility through facility maintenance contracts are also required

to complete initial entry training. Additionally, they should

undergo maintenance training sessions 1-2 times a year to fa-
miliarize themselves with facility usage procedures. Facility us-
ers and managers should wear personal protective equipment
suitable for the biosafety level of the access laboratory, such
as full-body protective clothing, gloves, rubber, and respira-

tory protection. The cleanliness of laboratory animal facilities

Table 1. Health monitoring of laboratory animals

Method

Microbes

Serological test

Reovirus 3

Rotavirus (Epizootic diarrhea of infant mice)
Sendai virus (HV])

Mouse hepatitis virus (MHV)

Ectromelia virus (Mouse pox)

Mycoplasma spp.

Clostridium piliforme (Tyzzer's disease)
Mouse adenovirus (MAV)

Hantavirus (Hemorrhagic fever with renal syndrome)
Pneumonia virus of mice (PVM)

Mouse encephalomyelitis virus (GD VI)
Minute virus of mice (MVM)

Lymphocytic choriomeningitis (LCM) virus
Cilia associated respiratory (CAR) bacillus

Culture test

Salmonella spp.

Escherichia coli O115a,c:K(B) (Citrobacter rodentium)
Corynebacterium kutscheri

Pseudomonas aeruginosa

Staphylococcus aureus

Dermatophytes

Parasitological test

Spironucleus muris
Syphacia spp.
Aspiculuris tetraptera
Other intestinal protozoa
Ectoparasite

PCR Helicobacter hepaticus

Helicobacter bilis

Mouse cytomegalovirus (MCMV)

Pasteurella pneumotropica

Giardia muris

PCR=polymeric chain reaction; MCMV=mouse cytomegalovirus; HVJ=hemagglutinating virus of Japan; MHV=mouse hepatitis virus;

MAV=mouse adenovirus; PVM=pneumonia virus of mice; MVM=minute virus of mice; LCM=lymphocytic choriomeningitis; CAR=cilia

associated respiratory.
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must be maintained by observing the entrance and exit proce-
dures and movement routes of researchers, and contamination
by other visitors and laboratory animals must be minimized
[1]. In addition, personal health and hygiene must be thor-
oughly managed, such as conducting regular health checkups
before entering and receiving vaccinations, if necessary, to
prevent contamination of the facility and researchers. In infec-
tious animal rooms such as ABL2 and ABL3, breeding rooms
and experimental areas are used separately for each pathogen,
and individually ventilated cages are used as breeding equip-
ment to reduce the possibility of pathogen transmission or
cross-infection.

Besides regular health monitoring is conducted semi-an-
nually (twice a year) to check for contamination by pathogenic
microorganisms in the laboratories. Regular microbial moni-
toring is performed by analyzing sentinel animals raised in
animal laboratories. In accordance with the guidelines of the
Association for Assessment and Certification of Laboratory
Animals, the guidelines of the federation of european labora-
tory animal science associations and the Ministry of Food and
Drug Safety, about 30 pathogens (Table 1) have been selected
for serum, culture, genetic, and parasite tests [5-7]. In addition
to regular monitoring, if a disease is suspected in the labora-
tory, additional tests should be conducted to manage the ani-
mal room based on the presence or absence of microbes. If
pathogenic microbial infections are confirmed, all laboratory
animals raised in the animal room are cleaned and disinfected
using disinfection liquid or hydrogen peroxide fumigation.
Even after disinfection, when pathogenic microorganisms are
re-detected, they are repeatedly performed until they are not

detected [1].

584

Genetic and Environmental Controls for
Laboratory Animals

Another important factor for ensuring the reliability and
reproducibility of animal research is the genetic management
of laboratory animals. Laboratory animals can be classified into
inbred, closed, hybrid, mongrel, and genetically engineered
animals in terms of genetic breeding, the most suitable animal
species for the purpose of the study, and the strain and genetic
characteristics. Accordingly, experiments have been conducted
to select the necessary animal species [3]. Currently, most labo-
ratory animals used by the KDCA are inbred or transformed,
and genetic monitoring is replaced by receiving genetic infor-
mation from experimental animal producers or suppliers when
bringing them in. Regular genetic monitoring is required if the
animal system is maintained through the breeding of suburban
animals on its own After biopsy, DNA is extracted from some
laboratory animals (at the tail end in the case of rodents), and
the genotype is analyzed to maintain genetic quality.

The morphological, physiological, and biochemical char-
acteristics of laboratory animals, and their sensitivity to drugs
and microorganisms, are also affected by environmental fac-
tors in laboratory animal facilities. Therefore, it is important
to maintain the same environment for all laboratory animals
to minimize their impact on the animal test results. The envi-
ronmental factors of the facility include climatic factors such as
temperature, humidity, airflow, and wind speed; physicochem-
ical factors such as ventilation, dust, drunkenness, noise, and
illumination; nutritional factors such as cages, floors, feed, and
drinking water; and biological factors such as social ranking,
competition, and acceptance density among animals [4]. To

minimize the impact of environmental conditions on captive
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Table 2. Permissible values for environmental monitoring of laboratory animal facilities

Falling bacteria

Falling bacteria

Water quality

All areas (without animals)

All areas (with animals)

ABL-2, SPF

(0.5-5 um)

Below 3 colonies

Below 30 colonies

Reference to the Ministry
of Environment
Ordinance No. 439

- Occasional inspection:
in case of malfunction

- Periodic inspection: monthly

- Occasional inspection:
in case of malfunction

- Periodic inspection: monthly

- Occasional inspection:
in case of malfunction

- Periodic inspection:
twice a year

- Occasional inspection:
in case of malfunction

Category Area Standard value Maintenance cycle Measurement
Temperature All areas 21+2C - Daily check Value of automatic
- Periodic inspection: monthly  sensor & thermo-
- Occasional inspection: humidity meter
in case of malfunction
Humidity All areas 40-60% - Daily check Value of automatic
- Periodic inspection: monthly  sensor & thermo-
- Occasional inspection: humidity meter
in case of malfunction
Pressure Clean area 1-3 mmAq - Daily check Value of automatic
difference <animal rooms (9.8-29.4 Pa) - Periodic inspection: monthly  sensor & differential
- Occasional inspection: pressure meter
in case of malfunction
Animal rooms 3-5 mmAq - Daily check Value of automatic
>contaminated area (29.4-49 Pa) - Periodic inspection: monthly sensor & differential
- Occasional inspection: pressure meter
in case of malfunction
Negative-pressure area  —3 to -1 mmAq - Daily check Value of automatic
(-29.4 to —9.8 Pa) - Periodic inspection: monthly sensor & differential
- Occasional inspection: pressure meter
in case of malfunction
Lighting All areas 150-325 lux - Periodic inspection: monthly Illuminance meter
(8 am—8 pm) (12 h) - Occasional inspection:
in case of malfunction
Noise All areas Below 60 dB - Periodic inspection: monthly Sound level meter
- Occasional inspection:
in case of malfunction
Air quality All areas Below 20 ppm (ammonia) - Periodic inspection: monthly Ammonia meter
- Occasional inspection:
in case of malfunction
Air velocity All areas 13-18 cm/s - Periodic inspection: monthly Wind vane
- Occasional inspection:
in case of malfunction
Ventilation All areas 10-15 times/h - Periodic inspection: monthly Calculated with air
- Occasional inspection: flow & floor area
in case of malfunction
Dust All areas (with animals) Below 10.000 particles/ft® - Periodic inspection: monthly Air particle meter

Falling bacteria test
standard procedure

Falling bacteria test
standard procedure

Requesting service to
analysis company

ABL2=animal biosafety level 2; SPF=specific pathogen free.
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animals, the KDCA conducts monthly environmental moni-
toring of parameters such as temperature, lighting, noise, air-
flow speed, ventilation, intoxication, differential pressure, dust,
and water quality (Table 2). When changes occur in the envi-
ronment of animal laboratories due to construction and equip-
ment replacement, etc. We conduct irregular environmental
monitoring and take subsequent measures to maintain the fa-

cility environment [1].

Future Perspective

Microbiological, genetic, and environmental controls of
laboratory animals and management environments are impor-
tant for deriving experimental results that guarantee reliability
and reproducibility [3]. Currently, the KDCA is preparing for
regular health monitoring to ensure stable microbial manage-
ment of laboratory animal facilities. In order to maintain the
cleanliness of the facilities, hydrogen peroxide fumigation and
disinfection will be conducted, and the laboratory environment
will be maintained through inspection and maintenance of in-
dividually ventilated cages. Guidelines and Standard Operating
Procedures for quality control of laboratory animals will be
continuously reviewed and revised in accordance with the cur-
rent situation to provide researchers with up-to-date infor-
mation. Furthermore, a mid- to long-term maintenance plan
for aging-critical biosafety facilities such as double-door auto-
claves, hydrogen peroxide fumigation rooms, fumigators, and
pass boxes will be established. Budget allocation for facility re-
placement will also be pursued as part of the ongoing efforts.

The KDCA will continue to enhance the quality control of
laboratory animals to ensure the reliability and reproducibility

of experimental results and improve the welfare of laboratory

586

animals.
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The Comparison of Coronavirus Disease 2019 Vaccine Adverse
Events between Korea and the UK and Implications for Vaccine
Adverse Event Management System

Joowon Lee*, Haesook Seo, Soyoung Oh, Hyerin Gim
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ABSTRACT
Coronavirus disease 2019 (COVID-19) vaccination programs in the Republic of Korea (ROK) and the United Kingdom

(UK) have been successfully implemented by providing the most available vaccines in a timely manner. Both countries have
collected post-vaccination adverse event (AE) data to continuously monitor evolving vaccine safety, and the cumulative number
of individual case safety reports (ICSRs) obtained in the two countries has exceeded 0.48 million in total, respectively. The
numbers of AEs per ICSR and AE types as well as the probability of having a serious AE per ICSR were lower in the ROK
than in the UK. These findings could imply that the ROK might have adopted different standards and processes from those in
the UK. For example, there were marked inter-country differences in acceptable reporter types, seriousness criteria, causality
assessment criteria, and AE coding system, which could have resulted from the low level of acceptance of internationally
recognized pharmacovigilance principles in the ROK. The International Council for Harmonisation of Technical Requirements
for Pharmaceuticals for Human Use (ICH) guidelines are widely adopted by national regulatory authorities in many countries
including the United States, European Union countries, and the UK, with research institutions and pharmaceutical companies
being no exception. The ROK needs to improve the Adverse Event Following Immunization management system to practice

more effective and sustainable vaccine safety monitoring by adopting ICH guidelines.
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Introduction

Countries and public health experts who participated in
the response to the coronavirus disease 2019 (COVID-19)
pandemic recognized the need for improvements in existing
infectious disease response strategies. Vaccine development

has also been evaluated as an area requiring improvements
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in the efficiency of the response to infectious diseases [1-5].
Conventional vaccine development typically spans more than
a decade, whereas the development of COVID-19 vaccines oc-
curred swiftly, mainly due to the utilization of mRNA technol-
ogy, optimized support from regulatory agencies for vaccine
development, and innovative clinical trial designs [4,6]. In fact,

Pfizer’s COVID-19 vaccine received regulatory approval for
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Key messages
(D What is known previously?

COVID-19 vaccination has been successfully provided
in the ROK and the UK. At the same time, vaccine safe-
ty monitoring in the two countries has been performed
by collecting vaccine-related side effects.

@ What new information is presented?

The number of adverse event reports received in both
countries was similar. However, the numbers of ad-
verse events and types in the ROK were lower than those
in the UK. In addition, fewer serious adverse events
were collected in the ROK. The two countries adopt-
ed different standards and processes for vaccine safety

monitoring.

® What are implications?

Vaccine adverse event management plays an important
role in vaccine safety monitoring. Like the UK, the ROK
needs to adopt well-established guidelines for vaccine
safety management.

vaccination just 11 months following the identification of the
genetic information of the virus in January 2020 and vaccina-
tion campaigns were initiated [7]. However, despite the advan-
tages of expeditiously conducting clinical trials, a major chal-
lenge persists in collecting safety information over an extended
duration from large population groups with diverse charac-
teristics. To address these constraints, ongoing data collection
on vaccine safety is being conducted even post-vaccination to
identify new risks [8,9].

Pharmacovigilance is the science and activities relating to
the detection, assessment, and prevention of problems like ad-
verse effects by drug use. This was first practiced in 1848 in the
United Kingdom (UK), as a review of adverse effects of newly

introduced anesthetics [10]. Subsequently, pharmacovigilance

www.phwr.org Vol 17, No 14, 2024

activities were actively carried out in the UK. In response
to the thalidomide scandal in 1964, the UK established the
world’s first spontaneous adverse drug reaction reporting sys-
tem, known as the Yellow Card scheme. The UK has been
considered a leader in the field of pharmacovigilance and has
headed the pharmacovigilance system in Europe as a member
of the European Medicines Agency (EMA) [11]. During the
COVID-19 pandemic response, the UK was the first country
in the world to approve COVID-19 vaccines, actively collect-
ing and evaluating safety information following vaccination
[12,13]. The UK led the development of the European Good
Pharmacovigilance Practices guidelines, which are utilized
by leading countries in pharmacovigilance including Europe,
Australia, and Canada, as well as numerous countries in Asia,
South America, and Africa. Additionally, the UK provided
the International Council for Harmonisation of Technical
Requirements for Pharmaceuticals for Human Use (ICH)
with its pharmacovigilance terminology as the basis for the
development of Medical Dictionary for Regulatory Activities
(MedDRA). Based on these achievements, the UK is now rec-
ognized as the example that many countries and institutions
keen to benchmark [14-16].

For newly developed medicines such as the COVID-19
vaccines, regulatory agencies and manufacturers continuously
monitor drug safety profile by collecting post-marketing ad-
verse event. Once a signal suspected of having a potentially
causal relationship with the drug is detected, a thorough in-
vestigation is followed to confirm whether it is an identified or
a potential risk for appropriate risk management of the drug
[17]. The process of identifying adverse events with established
causal relationships from the diverse and extensive safety in-

formation collected from post-marketing surveillance is often
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compared to “finding a needle in a haystack.” To overcome
this challenge, individual case safety reports are thoroughly re-
viewed, and various statistical methods are applied to aggre-
gated adverse event data [18,19]. Although advancements in
science have led to more sophisticated analytical methods, the
foundation and most crucial aspect of drug safety monitoring
lies in the appropriate collection and processing of safety infor-
mation [20,21].

COVID-19 vaccinations are actively conducted in the
Republic of Korea (ROK) and the UK. Throughout the
COVID-19 pandemic response process, various vaccines have
been introduced, with both primary and booster shots being
administered. Both countries have systems for collecting ad-
verse events following vaccination to facilitate the comparison
and identify characteristics of adverse events. In this study, we
aimed to compare characteristics observed in the ROK relative
to the UK as the leader in pharmacovigilance, to identify fac-
tors that could potentially improve the adverse event manage-

ment system following vaccination in the ROK.

Methods

To compare the characteristics of adverse events related to
COVID-19 vaccines in the ROK and the UK, data from the
Korean Disease Control and Prevention Agency (KDCA) and
the Medicines and Healthcare Products Regulatory Agency
(MHRA) in the UK were used. The KDCA regularly publishes
reports on adverse events following COVID-19 vaccination
on its website. Similarly, the UK MHRA provides original data,
including adverse events, vaccine information, and safety as-
sessment reports, on its website (www.gov.uk) [22,23]. In the

present study, the 121st weekly report of KDCA, published on
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June 29, 2023, was used, whereas data and reports from the
UK MHRA obtained on July 13, 2023, were used. The adverse
event data comprised cumulative reports collected after vac-
cination initiation, encompassing adverse events related to all
vaccines used for vaccination. The data contained no person-
ally identifiable information as they were publicly disclosed.

In this study, terms such as “adverse event” and "adverse
drug reaction” were used according to the definitions provided
by the ICH. An adverse event refers to any untoward medi-
cal occurrence in a patient administered a medicinal products
and which does not necessarily have to have a causal relation-
ship with this treatment. An adverse drug reaction is defined
as a medical occurrence of which a causal relationship with the
drug is at least reasonable possibility [24]. Therefore adverse
drug reactions are limited to a subgroup of adverse events
which have a reasonable possibility of causal association, ren-
dering it a relatively narrower concept. Since individual case
safety reports may contain multiple adverse events with seri-
ousness being considered at an individual case safety report
(ICSR) level, the number of serious adverse events (SAEs) is
counted at an ICSR level.

To compare the characteristics of adverse events, the num-
ber of ICSRs, the number of adverse events, the number of se-
rious adverse events, the types of adverse events, and the num-
ber of deaths were used. The differences in adverse event col-
lection systems and management methods were compared by
referencing the adverse event management guidelines of both
the ROK and the UK. The types of adverse events were classi-
fied based on the data published by the KDCA for the ROK,
whereas they were classified based on the Preferred Terms (PT)

of the MedDRA for the UK.
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Results

Until June 24, 2023, approximately 135 million
COVID-19 vaccinations were provided in the ROK, whereas
approximately 176 million vaccinations were provided in the
UK [25]. In the ROK, the Pfizer vaccine (59.7%), Moderna
(18.5%), and AstraZeneca (15.0%) were primarily used for
vaccination. In the UK, Pfizer (56.3%) was primarily used for
vaccination, followed by AstraZeneca (28.6%) and Moderna
(15.1%) [23,25,26]. In the ROK, 4.9% of the total vaccina-
tions used bivalent vaccines, whereas in the UK, 12.1% of ad-
ministered vaccines were bivalent [23,26].

In the ROK, there were 483,391 ICSRs, whereas in the
UK 480,658 ICSRs were collected, including 682,174 and
1,651,257 adverse events, respectively. In the ROK, each ICSR
included an average of 1.4 adverse events, whereas in the UK,
each report included an average of 3.4. Therefore, in the UK,
2.4 times more adverse events were reported per report than
in the ROK. The ROK collected data on 49 types of adverse
events, whereas the UK collected over 6,000 types (Table 1).
In the ROK, the top seven most-reported adverse events were
headaches (16.6%), muscle pain (16.1%), dizziness (10.2%),
chest pain (9.5%), nausea (8.0%), fever (6.7%), and allergic re-
actions (6.4%). In the UK, the top seven most-reported adverse
events were headaches (7.9%), fatigue (5.7%), pyrexia (5.6%),
chills (3.9%), nausea (3.5%), pain in extremities (2.8%), and
myalgia (2.8%).

In the ROK, SAEs were reported in 19,603 ICSRs, whereas
the UK received SAEs in 360,450 ICSRs. In the ROK, serious
adverse event (SAE) reports accounted for 4.1% of all ICSRs,
whereas in the UK, they accounted for 75.0%. Therefore, the

probability of including a serious adverse event in an ICSR was

www.phwr.org Vol 17, No 14, 2024

18.5 times higher in the UK than in the ROK. The number of
fatal reports was 1,979 in the ROK and 2,519 in the UK. The
chance of being a serious ICSR due to a fatal event was 14.4
times higher in the ROK than in the UK. In the ROK, the top
five presumed causes of death in fatal cases were sudden car-
diac death (16.4%), ischemic heart disease (14.7%), stroke
(10.7%), pneumonia (6.2%), and sepsis (4.5%). However, ad-
verse event terms associated with the reported deaths could
not be confirmed. In the UK, the term “death” was reported
in 25.5% of cases, making it the most-frequently reported
term associated with deaths, followed by pulmonary embolism
(7.0%), myocardial infarction (5.7%), cardiac arrest (4.5%),
and cerebrovascular accident (3.5%).

In the ROK, event terms for other safety issues, such as off-
label use, medication errors, or vaccine quality issues (quality
defects), were not published. However, 3,875 events related to
such safety issues were collected in the UK. The top five most-
reported terms were inappropriate schedule of product admin-
istration (1,042 events), off-label use (801 events), medication
error (589 events), expired product administered (135 events),

and incorrect dose administered (105 events). Additionally,

Table 1. Adverse event characteristics related to COVID-19
vaccination in Korea and the United Kingdom

Category Korea  United Kingdom
Number of ICSRs 483,391 480,658
Number of AEs 683,174 1,651,257
Number of SAEs 19,603 360,450

Death 1,979 2,519
Other seriousness criteria 17,624 357,931
Number of AE types 49 6,349

COVID-19=Coronavirus Disease 2019; ICSR=individual case
safety report; AE=adverse event; SAE=serious adverse event. “All
types of preferred terms in individual case safety reports were

counted.
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events related to product quality or storage, such as product
contamination (20 events) and product temperature excursion
issues (five events), were also collected.

The ROK and the UK exhibited differences in adverse
event collection system. In the ROK, physicians, dentists, and
traditional Korean medicine doctors could report adverse
events if they diagnosed them after vaccination. Individuals
who received the vaccination (or their guardians) could report
suspected adverse events if they occurred. Text messages were
sent to all vaccinated individuals to inquire the occurrence of
adverse events. Upon receiving reports from vaccinated indi-
viduals or their guardians, appropriate instructions on manag-
ing mild conditions were promptly provided, and these were
not collected as adverse events. However, if conditions requir-
ing medical attentions were reported, the district health center
confirmed the report details and facilitated adverse event re-
porting through the healthcare institution where treatment was
provided [27]. In the UK, there were no restrictions on the in-
dividuals permitted to report adverse events; reporting was not

solely limited to healthcare professionals such as physicians,

A

dentists, and pharmacists, but could also encompass nurses,
vaccine recipients, friends, guardians, or even legal profession-
als. Individuals who desire to report adverse events utilized the
Yellow Card scheme operated by the MHRA. Even when ad-
verse events were reported to vaccine manufacturers, the re-
ports were forwarded to the MHRA, where they were managed
alongside the cases collected through the Yellow Card scheme
and used for vaccine safety monitoring. All reported adverse
events, regardless of severity, quality of information, or accu-
racy of diagnosis, were collected and managed in the database
[28,29].

In the ROK, various agencies were involved in handling the
collected adverse events, whereas in the UK, a dedicated agency
was responsible for overseeing the entire process. In the ROK,
the investigation and causality assessment for adverse events
were sequentially conducted by various agencies, including dis-
trict health centers, local government staff and epidemiologists,
joint public—private rapid response teams at the local govern-
ment level, vaccination-related injury investigation teams, and

the KDCA [27]. In the UK, the MHRA was responsible for all
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Epidemiologic investigation Review of information

District health
center staff
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Figure 1. Adverse event processing flow in Korea and the United Kingdom
(A) Korea. (B) United Kingdom. CHM=Commission on Human Medicines.
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processing stages, including the receipt and initial data entry of
adverse events, additional data collection, causality assessment,
and implementation of measures necessary for safety monitor-
ing and management. In the UK, the data analysis related to
safety and efficacy was conducted by professionals comprising
doctors, pharmacists, and scientists (Figure 1) [30,31].

In the ROK and the UK, different causality criteria were
adopted in medical assessment of adverse events. In the ROK,
the criteria for reviewing causality included an eligibility fac-
tor, where the validity of the diagnosis of reported adverse
events was evaluated based on assessment criteria, such as the
Brighton Collaboration case definitions [32]. For causality as-
sessment, the causality assessment algorithm developed by the
World Health Organization was used and results were catego-
rized into five items (definite, probable, possible, unlikely, and
not related) [27,33]. In the UK, the causality assessment results
were classified into two categories based on whether there was
a reasonable possibility of a causal relationship between the ad-
verse event and the medication: related or not-related. Adverse
events collected through spontaneous reporting in the UK were
considered that there was an implied causality because the re-
porters had already judged the adverse events as related to vac-
cine administration when reporting them [20,28]. Therefore,
all the adverse events from the UK used in this study were clas-

sified as adverse drug reactions.

Discussion and Suggestions for
Improvement

1. Expanding the Sources of Adverse Event

Collection

Various guidelines recommend that the entities that

www.phwr.org Vol 17, No 14, 2024

perform pharmacovigilance collect safety information from
all possible sources related to drug use. They also advise ad-
verse events that do not contain the minimum required in-
formation still need to be databased for safety monitoring and
attempts should be made to obtain additional information
[20,28,30,34]. Rather than restricting the reporting of adverse
events to only certain healthcare professionals as is currently
the case in the ROK, it is necessary to broaden the scope of ad-
verse event reporters to include all healthcare professionals and
diverse consumers like vaccine recipients.

According to a report published by the National Academy
of Medicine of Korea, the United States, Canada, Europe, the
UK, and Australia have been collecting adverse events from
various reporters, including vaccine recipients, in addition to
healthcare professionals [35]. The ICH also recommends col-
lecting and storing reports from various non-healthcare pro-
fessionals regardless of the quality of information [24]. In the
ROK, adverse events reported by vaccine recipients are selec-
tively collected through healthcare professionals based on the
seriousness of medical conditions, which may lead to the pos-
sibility of missing adverse events. Therefore, as recommended
by ICH, it is necessary to collect adverse events even from non-
healthcare professionals with actively gathering additional in-
formation during the case processing.

Furthermore, it is important to carefully review the types
of adverse events that have been collected. The current system,
which pre-determines the types of adverse events to be col-
lected and selectively gathers them based on the time window
of adverse events occurrence after vaccination, poses limita-
tions in adequate collection of diverse adverse event informa-
tion [36,37]. In this particular scenario, monitoring the poten-

tial side effects of vaccines becomes challenging. Therefore, it is
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crucial to collect all adverse events to accurately understand the
safety profile of the vaccines. Collecting diverse information
is essential for monitoring new risks, especially in the case of
newly developed vaccines such as those for COVID-19, where
safety profiles have not been fully elucidated. Considering that
vaccines are biological products, it is crucial to collate a wide
range of adverse events, including those not previously known,
to monitor the possibility of quality issues arising during man-
ufacturing and distribution processes [38]. According to the
definition of adverse events by the ICH, adverse events encom-
pass all undesirable and untoward medical occurrences [24].
Improvements are needed to collect all types of adverse events

occurring after vaccination.

2. Improvements in Processing Adverse Event
Information
In the ROK, despite a similar scale of adverse event re-
porting compared to the UK, the number of collected adverse
events was limited, with only 49 types reported. The ICSR
could contain various expressions in the reporter's language,
including symptoms, signs, abnormal laboratory test results,

suspected or confirmed diagnoses, and other terms used to

denote adverse events. Appropriate medical coding standards
are necessary to convert information in the ICSR into a stan-
dardized terms for adverse events without omitting or adding
content. The differences between the ROK and the UK suggest
that coding standards used for processing adverse event infor-
mation included in adverse event reports may be different in
the two countries. The UK uses MedDRA for pharmacovigi-
lance, coding reported information in the ICSR into MedDRA
terms in the safety database following the MedDRA coding
guides. For example, the MedDRA guides provide instructions
on what to collect from adverse event information in various
situations, such as when multiple confirmed diagnoses are re-
ported together in the ICSR, when different suspected diagno-
ses and confirmed diagnoses are reported together, and when
suspected diagnoses are reported along with various symptoms
and abnormal laboratory test results. It also provides guidances
for handling safety-related information, such as medication er-
rors or product quality issues [39].

MedDRA is a medical terminology developed and man-
aged by the ICH and is used for pharmacovigilance by various
regulatory agencies and international organizations [40,41].

MedDRA consists of five hierarchical levels based on the level

Description

- Highest level of MedDRA hierarchy that provides the broadest concept for data retrieval
- Superordinate descriptor for one or more HLTs related by anatomy, pathology, physiology,

- Superordinate descriptor for the PTs linked to it. It is an inclusive category which links PTs
related to it by anatomy, pathology, physiology, etiology, or function

- Distinct descriptor (single medical concept) for a symptom, sign, disease, diagnosis,
therapeutic indication, investigation, surgical, or medical procedure, and medical, social, or

- LLTs constitute the lowest level of the terminology. Each LLT is linked to only one PT

SOC=System Organ Class; MedDRA=Medical Dictionary for Regulatory Activities; HLGT=High Level Group Term; HLT=High Level Term;

Table 2. Levels of structural hierarchy in MedDRA Version 26.0
Level  Number of terms
SOC 27
HLGT 337
etiology, or function
HLT 1,737
PT 25,916
family history characteristic
LLT 86,714
PT=Preferred Term; LLT=Lowest Level Term.
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of medical definition that each term possesses, ranging from
the broadest category, System Organ Class, to the Lowest Level
Terms, where reported information is directly coded (Table
2) [42,43]. The hierarchical terminology system is useful for
selectively extracting adverse event data, as it allows for data
extraction by combining terms at different levels according
to the medical definitions of the risks requiring analysis. The
MedDRA terminology system was used in exploring the po-
tential risks of the AstraZeneca COVID-19 vaccine, where nar-
rowing the evaluation scope to specific-site thromboses (such
as cerebral venous sinus thrombosis) led to the detection of
signals that were not identified in the overall thromboembolic
events data (Table 3) [17,44,45]. The ROK should also active-
ly utilize MedDRA to collect vaccine safety information and
evaluate risks.

The difference in the number of serious adverse events re-
ported also suggests the possibility of using different criteria for
assessing seriousness. The ROK should consider adopting the
ICH definition as the criterion for assessing the seriousness of
adverse events, similar to the approach used in the UK [46].
The medical seriousness of adverse events from the vaccine de-
velopment stage are evaluated according to the ICH definition.
This facilitates consistent comparison of various studies and
information collected from different countries. The current

criteria for assessing seriousness used in the ROK are narrower

in scope than the ICH definition and even include specific ad-
verse events so called “adverse event of special interest” that
are not relevant to the level of seriousness. This presents con-
straints on the comparison of seriousness of adverse events col-
lected during diverse stages in vaccine lifecycle or from differ-
ent countries where vaccines are available.

“Adverse event of special interest” refers to medical issues
requiring careful safety monitoring through additional infor-
mation collection, and it is not typically used as a criterion for
seriousness assessment [24,46-48]. The seriousness criteria of
ICH include a medically important event, and the EMA pro-
vides the list of terms titled as “Important Medical Event” for
seriousness assessment [49]. Using the concept of a medically
important event defined by ICH as the seriousness criteria is
preferable than using adverse events of special interest for the
assessment.

Considering the types of data proposed by ICH for adverse
event collection, improvements can be made to the format of
adverse event reporting forms or criteria for additional data
collection [50,51]. In the adverse event reporting forms cur-
rently used in the ROK, there is no space to record information
about concomitant medications relevant to adverse events or
medications other than the vaccine that may be suspected to be
associated with the adverse event. Additional efforts are there-

fore needed to collate the necessary information for causality

Table 3. Safety signal assessment for Vaxzevria

Signal

MedDRA search strategy

Conclusion

Thromboembolic events
Disseminated intravascular coagulation
coagulation’

Cerebral venous sinus thrombosis

Haemorrhagic stroke

SMQ ‘Embolic and thrombotic events’

PT ‘Disseminated intravascular

PT ‘Cerebral venous thrombosis’, PT
‘Cerebral venous sinus thrombosis’

PT ‘Haemorrhagic stroke’

- No evidence to suggest an association

- A signal of disproportionality was noted

MedDRA=Medical Dictionary for Regulatory Activities; SMQ=Standardised MedDRA Query; PT=Preferred Term.
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assessment [37]. ICH recommends collecting information
about the time of start and end of adverse events regardless
of the diagnosis, rather than distinguishing between the onset
and diagnosis times of adverse events. Information about the
end point of adverse events should also be collected [50]. The
types of data requiring collection and the actual values of the
data collected can reflect the recommendations of ICH. For in-
stance, in the format used in the ROK, the values for adverse
event outcomes such as “life-threatening,” “hospitalization,”
and “no treatment” may overlap in meaning or include con-
tent that is not easily interpretable as an adverse event outcome
[37]. According to the ICH, adverse event outcomes can be
described using six values: “recovered, recovering, ongoing, re-

covered with sequelae, fatal, unknown” [51].

3. Improving the Management of Causality

Assessment

Generally, individual adverse events do not contain suf-
ficient information for causality assessment, and it is difficult
to determine causality based solely on single adverse events
(except in well-described cases with sufficient information)
[28,47,52]. Various methods have been applied to causality
assessment, but there are reports indicating that classification
criteria based on the degree of certainty of causality (such as
certain, possible, and probable) do not show additional utility
in terms of safety analysis or regulatory reporting compared to
the binary decision criteria of whether the event is related or
not [47,53]. For this reason, major regulatory agencies such
as those in the United States and Europe have been applying
a binary decision criterion of whether the event is related or
not, especially when collecting adverse events through solicited

methods such as clinical trials for vaccine development. They
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acknowledge implied causality for adverse events from sponta-
neous reporting [20,28,47,53-55].

The ROK has been using causality assessment criteria with
five classifications, similar to the World Health Organization—
Uppsala Monitoring Centre (WHO-UMC) classification sys-
tem based on the certainty of causality. However, there are dif-
ferences in the meaning of “unlikely.” In the ROK, the term
“unlikely” encompasses all cases with insufficient data for cau-
sality assessment, covering the meanings of WHO-UMC’s

» «

“unlikely,” “conditional/unclassified,” and “unassessable/un-
classifiable.” In addition to “unlikely,” there was also a crite-
rion called “definitely not related,” which denies causality and
is not present in the WHO-UMC classification [27,56]. These
five criteria are not used in major countries such as the United
States, Europe, and the UK and do not reflect the evaluation re-
sults determined by causality assessment algorithms [27].

In the ROK, the causality classification criteria are not
only used for medical assessment, but also for compensation
awarded for adverse reactions following vaccination [27,57].
Generally, adverse events collected through spontaneous re-
porting are classified as having a causal relationship [20,28],
but in the ROK, additional causality assessments are conducted
for cases collected through spontaneous reporting, resulting in
limited acknowledgment of causality [58]. This is presumed to
be associated with a structure where the eligibility for compen-
sation for adverse events from spontaneous reporting is deter-
mined based on the results of causality assessments.

Causality assessment is conducted at various levels and
stages, including at the levels of ICSRs, aggregated adverse
event data, and data extracted based on the definition of sus-
pected medical issues [19,33]. The Brighton Collaboration

case definitions can be used to analyze an aggregated dataset of
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multiple adverse events. In managing individual adverse events,
reference to case definitions is made to verify the necessary in-
formation for medical assessment and to collect additional data
[38,59-61]. In the process of individually assessing adverse
event causality, caution should be exercised to avoid automati-
cally excluding causality or nullifying the case as an adverse
event, if it does not align with the Brighton Collaboration case

definition.

4. Safety Evaluation and Considerations for Data

Quality Management

When adverse event collection is conducted smoothly, it
becomes important to establish a strategy for continuously and
efficiently monitoring vaccine safety. Vaccines are medicinal
products used for disease prevention in healthy populations,
so they generally have a lower safety margin than therapeu-
tic drugs [38]. Vaccine safety monitoring strategies should be
designed to detect even relatively low levels of risk at an early
stage [62]. Furthermore, it is essential to obtain real-time ac-
cess to pharmacovigilance information collected by regulatory
agencies and vaccine manufacturers in various countries such
as the United States and Europe. Establishing safety monitor-
ing strategies in a format that allows for the comparison of di-
verse data generated is crucial.

Efforts to improve the quality of collected adverse event in-
formation are also necessary. It is important to define the types
and priorities of data to be collected and establish detailed
management standards to ensure consistent data processing.
Various institutions and personnel in the ROK are involved in
adverse event management tasks. Therefore, there is a need to
provide sufficient job training and develop standard operat-

ing procedures or job manuals. The adoption of commercially
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available safety databases for the management of adverse
events can also be considered. These systems are developed in
accordance with ICH standards and reflect the requirements of
regulatory agencies in each country, making them useful tools
for improving the quality of adverse event management in the

short term [63,64].

Conclusion

This study compared adverse events reported following
COVID-19 vaccination in the ROK and the UK and their re-
spective adverse event management systems. The ROK had a
similar scale of adverse event reporting compared to the UK,
indicating a well-established system for collecting adverse
events. However, differences were observed in the number and
type of adverse events collected from the reported information,
suggesting the possibility of applying different standards in
processing adverse event information compared to the UK.

To effectively analyze adverse event data, it is crucial to de-
fine and incorporate data types and formats considering safety
assessment strategies from the stage of the adverse event collec-
tion. Furthermore, it is necessary to process safety information
according to universal standards to compare safety informa-
tion from various studies with data from the ROK. It is recom-
mended that the ROK adopts MedDRA and adheres to the
overall ICH standards in order to enhance the vaccine safety

management system in the ROK.
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QuickStats

Trends in the Prevalence of Secondhand Smoke Exposure,
2013-2022

In 2022, the prevalence of secondhand smoke exposure among adults aged 19 years and over was 2.6% indoors at home,
6.3% indoors in working area, and 7.4% indoors in public area. This data shows a continuously decreasing in last 10 years.

Notably, in 2022, the decrease of the prevalence of secondhand smoke exposure indoors in working areas was significant (Figure 1).
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Figure 1. Trends the prevalence of secondhand smoke exposure, 2013-2022

*Prevalence of secondhand smoke exposure at home amongst current non-smokers: percentage of people exposed to smoke for the past 7 days
from tobacco used by others at home amongst current non-smokers (including past smokers), and aged 19 years and over

Prevalence of secondhand smoke exposure in indoor working areas amongst current non-smokers: percentage of people exposed to smoke for
the past 7 days from tobacco used by others at indoor working areas, amongst current non-smokers (including past smokers) who have a job, are
aged 19 years and over

$Prevalence of secondhand smoke exposure in indoor public areas: percentage of people exposed to smoke for the past 7 days from tobacco used
by others in indoor public areas amongst current non-smokers (including past smokers) aged 19 years and over

¥The mean in Figure 1 was calculated using the direct standardization method based on a 2005 population projection

Source: Korea Health Statistics 2022, Korea National Health and Nutrition Examination Survey, https://knhanes.kdca.go.kr/

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

www.phwr.org Vol 17, No 14, 2024 615


http://www.phwr.org

