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FZ 319 A7olA =ZATG5A o)+ BI=FAT65A o] Hs] S|z gt AFYFol 2 AR HuHY

F AT E mFAA d71 0GR 9F0) F7ol whet € % SFA ol-go] FkhE AOR BuHT gk B ATL
7% AFur AFTS ARSL] 1FHIE AT =AY AFIFS BANGL. ATRAS 0 DY, YL AYA S A

O_'__]
A AR BAY AFLAAAEE ol §5HeT B4 23 1L L ALo|A S, A BVAY A 3718 st £E ] 5
oz0] B @] k2 YA AT BAYS BASAE AT A3} OF B2 AT wARAG F7H= 804 ol WEoI A
B BTN oleiet AR BA AL BT HIAE 804 o4 et AT FAYS BT 2 AT wFATA I
hEs f1do] U 91 1 3 AuHFA o] 348 F7HUTHE AL BARLHE HolA 2ol Ae.

N = 2. ZEt 71E S o) AT oRE A4 89S Bb
AR 49 AFES hYOR ATE SBokT o] F TR

wHIITE AP ofE 58 BE, WAKAAAE o5 o] oA S9) 1F BALS LStk 2 A4 7%
7] % AL s BE, FHAS 5L olgr B4R WSl AgAFol oEA Aol B T S e o

ZHoA FHoket Aoz RyEY Qok1]. FHZ 39 A+ T ®golZl sty 1A} S0l kE W AT} ERIEA|
oAl =FAFG5A o) HIk=FRIT(65A] mlghel vls  ghe ©3do] Qv T AR oA 60Al T 654 oS
27|20 Q% ARYYPo] 2 Ao HIHT Yk F  BE st 1A BFe] Bt & o AR A ¥
U AFolM = e dSolA Hi7|LdEd s &0 S71et F3}2 17 27|(young-old), %71(old-old), F7](oldest old)
wtel o7 @ SFA ool Z/kste ACE HuET It o AR S FRlste A% H A5} ZE(exposure) ST
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(QHF 712, S5, AL 5] HRghe AEsterk
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=
=3 oflojZ ot FAe| Ehttps://www.airkorea.
or. kool A AlFst= 71 LASHHIA 20069 1Y 197
B 20204 12¢¥ 3197H4] 49 49 A7 0E 55
FEBHYLh @29 H9 1.2 9 oo o HAYoh=

Az 4dF Heol AM B AR 2 sE=RE U2

X
SAA AFYE SAREE 20069 149 1¥95H 2020
W 1249 319704 A 9E dE AMGAF 5 o] &5l e
AP EF 7]=(International Classification of Diseases [ICD]-
1022 Zt Alo] et AFgAt 5 FESHh = AT
oA TGS Bty AA AT H=F AT
¥} Bl wshy] Y5 A= AA|, 654 wlT, 65-79A, 80A

olgoE FHote] A ARt £5 FESH5I

4) X2
2 ATANE 1 A2, 28 0F S Anst $A
AUl ARG A=, AAEE AA ] FHL,

A AR} ¥4 3 23 (distributed lag non-linear model)<
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2) RE TEO ME HYIY
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TA19] 200649 19 195E 20209 12€ 3197kX19] 714+
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-7 APTEE N BYe FES)
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for Statistical Computing) 21315 o|-8-5}0] 24519

2 o
1. 387|2 AL EE
A2 Ao1A A AR EE 4.2 H9 1.03 (95% con-

fidence interval [CI]: 1.00, 1.06), 2124 F< 1.11 (95%
CI: 1.08, 1.13)0]3dt}. 654 vlgtofA AP EE AL
.06 (95%

£t 4Ld
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7% 1.05 (95% CI: 1.00, 1.11), 22 3¢ 1.12 (95%
CL: 1.08, 1.17)At. 80A] ol/dolA HHifidees ALY 73
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A 3% 1.07 (95% CL:

rr
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1.00 b, ool |
—I10 (IJ 1I0 2IO 3IO I —I10 (I) 1I0 2I0 3IO I
Temperature Temperature
134 65-79 . 80Kl 014
“ 12 } . 1.25 A
B 127 2 1.20
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e o7 & 1.05 1 HH{
09 ‘ 1.00 +4 ty
—I10 (I) 1I0 2IO 3IO I —I10 (I) 1I0 2I0 3IO I
Temperature Temperature
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21 Qg7 94 8AZ T QE ST} WA HALAT Y T

A1 ppb 3719)

_ 3 ) SR 95% A=t
ik 3l HAS BZEQX} p-value A — -
ot ot
A 0.0005 0.0001 <0.0001 1.0005 1.0003 1.0007
0-64A] 0.0000 0.0001 0.9094 1.0000 0.9997 1.0003
65-79A -0.0001 0.0001 0.5866 0.9999 0.9997 1.0002
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B2 Agwd 99 8AE 21 e &2 5ot AE A Abge] #34 (1 ppb 57HD)
] ] ] A2l 0] 95% Alzi72t
bik 3 HA BZEQX} p-value AT — -
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R EERRE
A 0.0005 0.0002 0.0021 1.0005 1.0002 1.0009
0-64A] 0.0003 0.0003 0.3023 1.0003 0.9997 1.0010
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80A o]4F 0.0008 0.0002 0.0007 1.0008 1.0004 1.0013
CERREE!
A 0.0002 0.0003 0.4393 1.0002 0.9996 1.0008
0-64A] 0.0008 0.0006 0.1666 1.0008 0.9996 1.0021
65-79A -0.0006 0.0005 0.1939 0.9994 0.9984 1.0003
80A o]4F 0.0007 0.0005 0.1359 1.0007 0.9998 1.0016
HES
A 0.0000 0.0002 0.8560 1.0000 0.9996 1.0005
0-64A] -0.0006 0.0005 0.2298 0.9994 0.9984 1.0004
65-79A -0.0003 0.0004 0.3792 0.9997 0.9990 1.0004
80A o]4F 0.0005 0.0003 0.1790 1.0005 0.9998 1.0011
= 9J AZJFY QEFYE, 0EAE F IS AHoR A
o = Qe ohS vl Bavt Qi B A V)& A
2 A= 7|THSRE Qg kLRI AT £4 Y AFolA AFgEC 7F "= 7]2(minimum mortality
517] 93 AAARES] BAH AFLJAAEE SEoIHUIL £ temperature) 52 T2 W A0 Qg LA AT IF

4 A% 12 D ALAA FAY, JHBVIS A 3718
selstoict. £4 7] F E0 et ©] =B =Y AT
of Ay BRHS BANAL, OF RBE AW wATLAY
Z7H= 804 o4 Mol AR BHFS st w5t
Qg e A WBke 8 W vl Zast, 37 wsto] o
Sl QA 4% 5 gaclne BARARA € AdolAE
6541 712 REH: 704, 804 o142 B HUF PO F
A= olo} Tk, olo] 80A] oS 2NFS Ao 02
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ABSTRACT

Recent studies have reported that extreme temperatures have a greater impact on health in the elderly (aged 65 and over) than
in the non-elderly (under age 65). Recent studies have also reported that increases in the use of outpatient visits and emergency
department visits among elderly were found to be associated with the increase of air pollutants and ozone exposure. This study
analyze the health effects of climate change in elderly by further subdividing the elderly by age compared to previous studies.
This study was used to daily mortality data, the aggregate data obtained through Korean Statistical Information Service. As
a result of the analysis, high and low temperatures were associated with an increased risk of mortality due to all-cause and
cardiovascular mortality. In addition, the increase in non-accidental and cardiovascular mortality due to ozone exposure was
observed only in the 80-year-old or older group. In conclusion, this study confirmed that the levels of health impact associated
with climate change are not identical for all the age groups of the elderly group, but they are significantly increased for the

oldest-old group.

Key words: Health effect; Temperature; Climate change; The elderly; Environment

*Corresponding author: Kyoung—Nam Kim, Tel: +82-2-2220-0662, E-mail: kkn002@hanyang.ac.kr

Introduction [1]. A recent study abroad reported that the elderly group (65

years and older) was more susceptible to health impacts from

The elderly population is considered a vulnerable group in extreme temperatures than the non-elderly group (64 and
terms of environmental health owing to reduced physiologi- under). A domestic study also reported an increase in outpa-
cal reserve capacity, limited resources and capabilities to avoid tient and emergency department utilization among the elderly,
environmental hazards, and the presence of comorbidities which can be attributed to the increasing levels of air pollutants
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Key messages
(D What is known previously?

Recent studies reported that the health impact of climate
change on the elderly.

(@ What new information is presented?

To analyze the health impact of climate change in the el-
derly, aggregated data were used.

(® What are implications?

As a result of the mortality data analysis, high and low
temperatures were associated with an increased risk of
all-cause and cardiovascular mortality. In addition, the
increase in non-accidental and cardiovascular mortal-
ity due to ozone exposure was observed only in the
80-year-old or older group.

and ozone [2]. However, most studies have focused on the en-
tire age group or the entire adult group, followed by subgroup
analyses on the elderly. Although this is an effective way to de-
termine how the effects of climate change on health vary across
age groups, it cannot specifically identify age-specific exposures
and outcomes. Thus, in an aging society, it is also necessary to
identify the health impacts in young-old, old-old, and oldest-
old groups, with a comprehensive age categorization rather
than grouping all people aged above G0 or 65 into a single cat-
egory of elderly. In terms of exposure, although many studies
have examined the effects of high and low temperatures [3-5],
few studies have considered the effects of air pollutants. Among
air pollutant concentrations, the concentration of ozone in-
creases as temperatures increases. Therefore, ozone concentra-
tion is predicted to increase under climate change [6]. Hence,
in this study, we aimed to analyze the health impacts of climate
change on the elderly population using the cause of death data

of Statistics Korea, which is a comprehensive source than those
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used for previous studies.

Methods

1. Resources
1) Meteorological data
The daily average values of meteorological variables (e.g.,
average daily temperature, humidity, and perceived tempera-
ture) were obtained for 16 cities and provinces using the daily
data provided by the Korea Meteorological Administration's
synoptic weather observing stations (http://data.kma.go.kr/

cmmn/main.do).

2) Daily ozone concentration data

The daily hourly ozone concentrations measured from
January 1, 2000, to December 31, 2020, were obtained from
the Air Korea air pollution measurement network (https://
www.airkorea.or.kr ) of the Korea Environment Corporation.
As ozone is generated by high temperatures and ultraviolet ra-
diation and has large diurnal variation, daily 8-h maximum
ozone concentration was calculated from the normal hourly
ozone concentration. Concentrations measured at stations
in the air pollution measurement network were averaged for
each of the seven cities and provinces. The analysis was limited
to seven metropolitan areas (Seoul, Busan, Daegu, Incheon,
Gwangju, Daejeon, and Ulsan) because of insufficient air pol-

lution stations to measure exposure outside of these areas.

3) Cause of death data of Statistics Korea
The number of deaths per day by region from January 1,
2006, to December 31, 2020, was obtained from the cause of

death data of Statistics Korea. The number of deaths for each
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cause was extracted using the International Classification of
Diseases (ICD-10). To analyze the relevance of the aged popu-
lation and compare the total population with the non-aged
population, the number of deaths per day was extracted for

four age groups: total, under 65, 65-79, and 80 and older.

4) Related resources
This study linked the meteorological data, daily ozone con-
centration data, and cause of death data of Statistics Korea by

province and by date.

2. Statistical Analysis
1) Effects of extreme temperatures on health

A distributed lag non-linear model was used to analyze the
total effect over 7 days of exposure. Each model was corrected
for relative humidity, day of the week, region, and long-term
trend. For each health outcome, the analyses presented the
relative risk (RR) of higher and lower temperatures using the
minimum mortality temperature as a reference. By setting the
lowest risk minimum mortality temperature at 25°C, which
represented the 90th percentile of the yearly temperature, the
RRs of cold (-12°C) and hot (33°C) temperatures were calcu-
lated. The analysis of this study was performed using R soft-

ware (version 4.2.0; R Foundation for Statistical Computing).

2) Effects of ozone exposure on health
For the time series analysis, a generalized additive mixed
model was constructed using ozone concentration as the in-
dependent variable and the number of deaths per day as the
dependent variable. This model included the seven metropoli-
tan areas as random effects to analyze the overall relevance

of the seven metropolitan areas. The model also included

www.phwr.org Vol 16, No 33, 2023

meteorological factors, days of the week, and long-term trends
as covariates. The meteorological factors were extracted
from the meteorological records of each city from January 1,
2006, to December 31, 2020, from the Korea Meteorological
Administration and included the average temperature of the
day and the average temperature and average humidity of the
previous 7 days. Separate models were built for each cause of
death, and the regression coefficients () and RRs were sum-
marized. An exponential function was applied to the regression
coefficients derived from the model to obtain the RR. Separate
models were also built for each age group. The analyses were

performed using R software.

Results

1. Effects of Extreme Temperatures on Health
For all age groups, the RR was 1.03 (95% confidence in-
terval [CI]: 1.00, 1.06) for low temperature and 1.11 (95% CI:
1.08, 1.13) for high temperature. For those under 65, the RR
was 1.01 (95% CI: 0.96, 1.07) for low temperature and 1.06
(95% CI: 1.01, 1.10) for high temperature. In the 65-79 age
group, the RR was 1.05 (95% CI: 1.00, 1.11) for low tempera-
ture and 1.12 (95% CI: 1.08, 1.17) for high temperature. For
the 80 and older group, the RR was 1.04 (95% CI: 0.99, 1.09)
for low temperature and 1.14 (95% CI: 1.10, 1.18) for high
temperature (Figure 1). By setting the lowest risk minimum
mortality temperature at 26°C, the RR of cold (-12°C) and
hot (33°C) temperatures were calculated. For all age groups,
the RR was 1.11 (95% CI: 1.04, 1.18) for low temperature
and 1.10 (95% CL: 1.05, 1.15) for high temperature. For those
under 65, the RR was 1.12 (95% CI: 0.96, 1.30) for low tem-
perature and 1.02 (95% CI: 0.91, 1.14) for high temperature.
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In the 65-79 age group, the RR was 1.09 (95% CI: 0.98, 1.21)
for low temperature and 1.20 (95% CI: 1.10, 1.30) for high
temperature. For the 80 and older group, the RR was 1.12 (95%
CIL: 1.02, 1.22) for low temperature and 1.07 (95% CI: 1.00,

1.14) for high temperature (Figure 2).

2. Effects of Ozone Exposure on Health

For all age groups, the daily 8-h maximum ozone concen-
trations were significantly associated with total non-accidental
deaths, with a 0.05% (95% CI: 0.03, 0.07) increase in mortal-
ity per 1 ppb increase in ozone concentration. However, no
such significant association was observed in the age group un-
der 79. In the age group of 80 and above, there was a 0.07%
(95% CI: 0.04, 0.10) increase in mortality per 1 ppb increase

in ozone concentration (Table 1). This trend was also evident
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ity, stratified by age groups

in overall cardiovascular disease mortality, where a 1 ppb in-
crease in ozone concentration was associated with a 0.08%
(95% CI: 0.04, 0.13) increase in total mortality from cardio-
vascular disease in the age group of 80 and older. However, al-
though the detailed mortality data from cardiovascular disease
showed a similar trend in the magnitude of the association, no
significant association was observed. This may have been due
to the decrease in statistical power associated with the lower
numbers of deaths per day as the diseases were classified into

sub-diseases (Table 2).

Discussion

By analyzing the impacts of climate change on the health

of the elderly population using aggregate data on the causes
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mortality, stratified by age groups

Table 1. Associations between daily mean concentration of O, (1 ppb increment of O;) and non-accidental mortality, stratified
by age groups
Age group B SE p-value RR LL uL

Total 0.0005 0.0001 <0.0001 1.0005 1.0003 1.0007

<65 yrs 0.0000 0.0001 0.9094 1.0000 0.9997 1.0003

65-79 yrs -0.0001 0.0001 0.5866 0.9999 0.9997 1.0002

=80 yrs 0.0007 0.0001 <0.0001 1.0007 1.0004 1.0010
SE=standard error; RR=relative risk; LL=lower limit; UL=upper limit.

of death, this study revealed an increase in total mortality and
mortality from cardiovascular disease at high and low tem-
peratures. The association between short-term exposure to
atmospheric ozone and mortality in the elderly population
was analyzed, and an increase in non-accidental deaths due to
ozone exposure was observed in the age group of 80 and older.
Because of the physiological changes attributable to aging, such

as decreased muscle mass and immunity, and the cognitive

www.phwr.org Vol 16, No 33, 2023

impacts of coping with environmental changes, environmental
health policies and programs should consider age groups above
70 or 80 as more vulnerable groups, rather than simply apply-
ing the same interventions to all aged 65 or older. Therefore,
an effective plan should be developed to inform those aged 80
and older about the effects of ozone on health and send alarms,
such as ozone warnings and alerts, to them. This study re-

ferred to previous studies that defined the minimum mortality
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Table 2. Associations between daily mean concentration of O (1 ppb increment of O;) and cardiovascular mortality, stratified
by age groups
Age group B SE p-value RR LL UL

Cardiovascular diseases

Total 0.0005 0.0002 0.0021 1.0005 1.0002 1.0009

<65 yrs 0.0003 0.0003 0.3023 1.0003 0.9997 1.0010

65-79 yrs -0.0003 0.0003 0.2173 0.9997 0.9992 1.0002

=80 yrs 0.0008 0.0002 0.0007 1.0008 1.0004 1.0013
Ischaemic heart disease

Total 0.0002 0.0003 0.4393 1.0002 0.9996 1.0008

<65 years 0.0008 0.0006 0.1666 1.0008 0.9996 1.0021

65-79 yrs -0.00006 0.0005 0.1939 0.9994 0.9984 1.0003

=80 yrs 0.0007 0.0005 0.1359 1.0007 0.9998 1.0016
Stroke

Total 0.0000 0.0002 0.8560 1.0000 0.9996 1.0005

<65 yrs -0.00006 0.0005 0.2298 0.9994 0.9984 1.0004

65-79 yrs -0.0003 0.0004 0.3792 0.9997 0.9990 1.0004

=80 yrs 0.0005 0.0003 0.1790 1.0005 0.9998 1.0011
SE=standard error; RR=relative risk; LL=lower limit; UL=upper limit.

temperature as the threshold temperature at which high and
low temperatures begin to have adverse effects on health [1,7].
A typical environmental epidemiologic analysis methodol-
ogy was used for the time series study, wherein the ecologi-
cal study was conducted by aggregating daily data by region.
Nevertheless, as ecological studies have limitations in explain-
ing causality, conducting further studies utilizing individual-
level data, such as cohorts, may be required. In the future, the
methodology used in this study and the use of cohorts and
other personalized data on comorbidities are expected to allow
for a more comprehensive analysis of specific conditions. The
significance of this study is that it analyzed specific age groups
and revealed varying risks across age groups in the older popu-
lation, with a high risk for the oldest age group. In future stud-
ies, it will be necessary to identify the impacts on health in
young-old, old-old, and oldest-old groups with more detailed

age categorization, rather than categorizing all people aged
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above 60 or 65 as a single age group of elderly. This will pro-
vide a concrete and helpful basis for developing health and be-
havioral interventions to address the effects of climate change

on the health of the elderly population.
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Confirmatory Diagnosis of Re—Emerging Filoviruses

Hwachul Shin, Myung—Min Choi, Hwajung Yi, Yoon-Seok Chung*

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

ABSTRACT

Ebolavirus and Marburgvirus, part of the filovirus family (Filoviridae), are class 1 infectious diseases that can cause severe
hemorrhagic fever in humans and have a high mortality rate of 75% or more. Rapid and accurate diagnosis of filovirus
infections is crucial for effective outbreak control and patient management. The gold-standard methods for diagnosing
filoviruses are gene detection, antigen test and antibody test. Diagnostic capabilites have improved owing to advancement in
point-of-care testing and the use of mobile laboratory facilities, particularly in resource-limited settings. However, challenges
associated with development, standardization, and validation of highly sensitive and specific diagnostic tools remain. In this
article, we introduce the role of gene and antigen detection tests and serological tests in filovirus diagnosis, and compare and

describe the characteristics, strengths, and weaknesses of each of these tests.

Key words: Filovirus; Ebolaviruses; Marburgviruses; Diagnosis
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Introduction

Filovirus is a negative-strand RNA virus of the Filoviridae
family, which includes six virus genera. “Filo” is derived from
the Latin word “filum,” which means thread-like. The most
commonly encountered filoviruses are the Ebolavirus and
Marburgvirus, which first appeared near the Ebola River in the
Democratic Republic of Congo in 1976. They have caused sev-
eral epidemics and infected numerous people, including the re-
cent outbreak in Uganda, Africa [1]. There are other filoviruses
without any reported infections in humans, such as the Cueva

and Dianlo viruses in bats and the Straia and Thamno viruses

www.phwr.org Vol 16, No 33, 2023

in fish [2]. Filovirus is a highly contagious deleterious patho-
gen that can cause severe bleeding and high fever in several
animals, including humans. Filovirus outbreaks predominantly
occur in sub-Saharan Africa, enough to establish it as endemic
to Africa (Figure 1). These outbreaks in Africa have been pre-
dominantly caused by the Ebolavirus and Marburgvirus. There
were 28,000 reported cases of Ebolavirus in West Africa be-
tween 2014 and 2016, of which 11,000 resulted in death.
Approximately 2,200 patients died in the Democratic Republic
of Congo between 2018 and 2020 because of an Ebolavirus
outbreak. More recently, 216 cases and eight deaths due to

Ebolavirus infection have been reported since 2021 [1,3].
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Key messages
(D What is known previously?

Ebolavirus and Marburgvirus are representative viruses
of the filovirus family, known for causing viral hemor-
rhagic fever in humans and primates.

(@ What new information is presented?

Diagnostic methods for filoviruses include antigen and
gene detection tests, used for confirmation as the virus
is present in high levels in symptomatic patients' blood.
Serological testing, unsuitable for early stages, is used
alongside other tests.

® What are implications?

No filovirus infections have been reported in South
Korea, but increased population movement and trav-
el raise the risk of spread. Understanding various test
methods is essential for preparedness.

N N G
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1975, MARV

- Reported Ebolavirus outbreaks
- Reported Marburgvirus outbreaks
- Reported Ebolavirus & Marburgvirus outbreaks
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Filovirus infections do not have specific clinical symptoms.
They present with fever, headache, muscle pain, and weakness,
which can also occur in other infectious diseases. In particu-
lar, accurately diagnosing a filovirus infection is challenging
because it is difficult to distinguish its early symptoms from
those of other infectious diseases, such as viral hemorrhagic fe-
ver or malaria. The use of accurate and rapid diagnostic tests is
a crucial factor in ensuring effective patient management and
preventing the spread of the infection. Moreover, accurate di-
agnosis is especially important in underdeveloped areas, such
as African deserts and jungles, where filovirus infections fre-
quently occur, but laboratory equipment and facilities are inad-
equate [3].

Developing accurate and reliable confirmatory tests for
filovirus infection is a continuous task. Genetic testing meth-
odologies, such as real-time reverse transcription polymerase

chain reaction (real-time RT-PCR) that detects virus RNA in a

Sudan

1976, SUDV
1979, SUDV
2004, SUDV
2011, SUDV

Uganda

2000, EBOV
2007, BDBV
2011, SUDV
2012, EBOV
2007, MARV
2009, MARV
2022, SUDV

Kenya
1980, MARV
1987, MARV

D.R. Congo
1976, EBOV
1995, EBOV
1998-2000, MARV

2007, EBOV & Marburgvirus outbreaks
2008, EBOV EBOV=Ebolavirus; TAFV=Tai forest
2012, EBOV

ebolavirus; MARV=Marburgvirus; SUDV=

2014, EBOV
Sudan ebolavirus; BDBV=Bundibugyo

Figure 1. Distribution of Ebolavirus

2017, EBOV
2018, EBOV
2021, EBOV

2022 EBOV ebolavirus. Reused from Centers for Dis-

ease Control and Prevention (https://www.
cdc.gov/vhf/ebola/history/chronology.
html) [1].
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patient’s sample, have high specificity and sensitivity. However,
they are not easily accessible, requiring specialized facilities,
equipment, and trained personnel. Although loop-mediated
isothermal amplification (LAMP) has been developed as a
point-of-care testing (POCT) method, it has its disadvantages;
designing primers and optimizing experiments for LAMP are
challenging [4]. Additionally, antigen- and antibody-based de-
tection tests are limited by their low sensitivity, low specificity,
and cross-reactivity with other pathogens [5].

Recently, technologies for diagnosing filovirus have greatly
evolved, including the development of a new POCT. However,
confirmatory tests are appropriate and effective for the local
situation should be selected based on a comprehensive review
of the population’s characteristics, level of biosecurity facilities,
infection prevention infrastructure, medical environment, and
local laboratory size. Therefore, it is essential to understand
both the advantages and limitations of each confirmatory test
[6]. Thus, herein, we aimed to discuss the characteristics of
filoviruses and their confirmatory diagnostic tests and describe

the advantages and limitations of each diagnostic method.

Confirmatory Laboratory Tests for Filovirus

1. Introduction

As its name suggests, filoviruses have a long filamentous
form, which can be circular, U-shaped, or 6-shaped, with a
length of approximately 860 to 1,200 nm. Examination of
the Filoviridae phylogenetic tree based on the nucleic acid se-
quence shows a 55-58% difference between genera and a 23—
36% difference between species of the same genus (Figure 2)
(3]

The gene of the Ebolavirus is approximately 19 kb long and

www.phwr.org Vol 16, No 33, 2023

has the following sequence: 3'-NP-VP35-VP40-GP-VP30-
VP24-L-5'". It contains a single strand of RNA, which encodes
for seven proteins: nucleoprotein (NP), glycoprotein (GP),
large protein (L), minor matrix protein (VP24), replication-
transcription protein (VP30), polymerase cofactor (VP35),
and matrix protein (VP40). Marburgviruses also have similar
structural characteristics (Figure 3) [7].

Several methods that can be used in general laboratory en-
vironments have been developed to detect viral infections and
diseases [8]. The methods can be divided into three main cat-
egories: 1) gene detection tests that amplify and detect specific
sequences of viral RNA, 2) antigen tests to directly culture vi-
ruses or identify specific viral antigens, and 3) serological tests
that detect the host’s immune response of production of anti-
bodies against viruses.

Certain antiviral antibodies may persist for several years af-
ter recovery from an infection. However, antibody testing may

not be a suitable diagnostic test during the early or acute stages

Genus
Bundibugyo virus, FJ217161
Tai Forest virus, FJ2171612
Ebola virus, AF086833
Ebolavirus
Bombali virus, MF319185
Sudan virus, AY729654
Reston virus, AF522874
0.99 Lloviu virus, JF828358 | Cuevavirus
_1|: Marburg virus, DQ217792 Marburgvirus
Ravn virus, DQ447649
Mengla virus, KX317887 | Dianlovirus
Xilang virus, MG599980 | Striavirus

Huangjiao virus, MG599980 | Thamnovirus

Figure 2. Phylogenetic tree of filoviruses. Six clades (genera)
were identified using the complete filovirus genome

The sequence was aligned using Clustal-Omega ver. 1.2.1. and
phylogenetic tree was created in fast tree ver. 2.1. Reused from
International Committee on Taxonomy of Viruses (httpsl//ictv.

global/report/chapter/filoviridae/filoviridae) [2].
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of an infection because antibodies form after a certain period
has elapsed since the onset of the infection its symptoms. In
contrast, antigen detection and PCR tests for filovirus infection
can be used during the early stages because the serum virus lev-
els need to be higher than a certain level to produce symptoms

[9].

2. Filovirus Testing Methods

Diagnostic tests for filovirus include virus genome detec-
tion, antigen detection analysis (including virus isolation cul-
ture), and serological analysis (Table 1).

Gene detection methods include the conventional RT-PCR,

1188

Figure 3. Structure and genome com-
position of Filoviruses
GP=glycoprotein; L=large protein;
NP=nucleoprotein; VP24=minor matrix
5’ protein; VP30=replication-transcription
protein: VP35=polymerase cofactor;
VP40=matrix protein. Reused from
5 International Committee on Taxonomy
of Viruses (https://ictv.global/report/
chapter/filoviridae/filoviridae) [2].

real-time RT-PCR, and LAMP. Conventional RT-PCR is a
method of amplifying genes such as L, GP, and NP, followed by
the detection of amplicons via electrophoresis. It has a higher
sensitivity than antigen or antibody detection tests do [10]. In
this test method, after the sample is inactivated using a simple
chemical, a confirmatory test is possible following RNA extrac-
tion from a biosafety level 2 laboratory. In addition to blood
and serum, this method can also detect viruses in bodily fluids
such as saliva and semen. Fluid testing is essential to determine
the diagnosis and prognosis of a disease [11]. The NP-RNA
of the Ebolavirus continues to be detected in various fluids of

convalescent patients several weeks after an infection [12].
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Table 1. Advantages and disadvantages of filovirus diagnostic methods

Diagnostic method Advantage

Disadvantage

Nucleic acid amplification tests
Conventional RT-PCR

Real-time RT-PCR
RT-PCR

LAMP PCR
a limited environment

Virus isolation

Antigen detection test

a limited environment
ELISA

Serological test
IFAT -

ELISA

* High sensitivity and specificity

* High sensitivity and specificity
* Faster test time than Conventional

* Easy and quick diagnosis is possible in

* The most accurate diagnosis method

LFIs * Easy and quick diagnosis is possible in

* Simultaneous processing of a large
amount of samples is possible

* Simultaneous processing of a large
amount of samples is possible

* Possible occurrence in BL2 when the
antigen is inactiveted by irradiation, etc

* The process is complex and requires specialized
manpower and expensive equipment

* The process is complex and requires specialized
manpower and expensive equipment

* The design of primers and probes is difficult
and the optimization of experiment condition is
required

* The objectivity of diagnosis may be lowered

* Depending on the cell-line, sensitivity may be
low

* High biosafety level is required
* Low sensitivity and specificity

* High biosafety level is required
* Low sensitivity and specificity

* High biosafety level is required
* Low sensitivity and specificity

* Not suitable for early infection patients

RT-PCR=reverse transcription PCR; LAMP=loop-mediated isothermal amplification; LFIs=lateral flow immunoassays; ELISA=enzyme-

linked immunosorbent assay; IFAT=indirect fluorescent antibody detection test; -=not available.

Real-time RT-PCR is a diagnostic method that detects am-
plicon fluorescence in real-time using filovirus-specific prim-
ers and fluorescence probes. Real-time PCR for Ebolaviruses
was developed in the early 2000s [12]. Compared to the con-
ventional RT-PCR, amplicon detection in real-time RT-PCR is
more sensitive and specific and generally provides a faster di-
agnostic time; it takes approximately 2-3 hours from virus in-
activation to RNA extraction and obtaining test results. Despite
these advantages, real-time RT-PCR requires specialized hu-
man resources and expensive equipment and cannot be used

in the field where laboratories are poorly equipped, such as in

www.phwr.org Vol 16, No 33, 2023

underdeveloped areas (e.g. Africa) [6].

LAMP is a technique of amplifying genes at a specific tem-
perature. It is a confirmatory test for identifying viral genome
via fluorescence and coloration and using simple equipment
and reagents. While such tests may be advantageous for on-site
diagnosis with limited environmental conditions, designing a
primer for LAMP PCR is more challenging than designing the
primer for real-time RT-PCR. This is because the design must
target several areas of an RNA template, and many optimiza-
tion experiments are required to ensure specificity and efficacy.

Another disadvantage of LAMP is that making an objective
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diagnosis is difficult because the result is discerned based on
fluorescence and coloration [13].

The most traditional way to detect Ebolaviruses is to isolate
the virus after infecting Vero EG cells. The isolated viruses can
be observed directly with an electron microscope or indirectly
with immunofluorescence staining. This method confirms the
presence of the virus due to its cytopathic effect. However, it
may be challenging to isolate the virus due to its low sensitivity
depending on the cells. Furthermore, a biosafety level 4 facility
is required to utilize this method as it is a high-risk pathogen
[14].

There are two antigen testing methods that can be used:
enzyme-linked immunosorbent assay (ELISA) and lateral flow
immunoassays (LFIs). The method of detecting viral antigens
in serum is generally suitable in symptomatic patients because
the antigen increases to a detectable level within a few days of
infection onset.

ELISA has been used in some countries as a method for de-
tecting antigens directly on a plate [13]. However, currently,
it is rarely used in clinical practice because real-time RT-PCR
has replaced ELISA. LFIs for the diagnosis of filovirus have
been recently developed and are primarily used for rapid an-
tigen detection in the field. This method is suitable to obtain a
quick diagnosis because it does not require electricity at sites
where resources and facilities are scarce, is easy to use, and can
be performed quickly [6]. It has been successfully used to di-
agnose other infectious diseases, such as HIV and malaria, in
resource-poor environments. The World Health Organization
and U.S. Food and Drug Administrarion has granted acceler-
ated approval for three types of rapid diagnostic testing kits for
the Ebolavirus.

Serological tests for the detection of an Ebola infection
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include indirect fluorescent antibody detection test (IFAT) and
ELISA. However, Ebola infection-induced production of im-
munoglobulin (Ig) antibodies occurs 2-11 days after the onset
of symptoms in patients, and IgG antibodies appear 2 weeks af-
ter the onset of infection, if the patient survives. Therefore, the
antibody testing method is more suitable for use in research,
such as retrospective evaluations and immunity surveys, than
as a confirmatory test [6].

IFAT is used to detect specific antibodies against viruses in
a patient’s serum [15]. It used to played an important role in
the clinical diagnosis of viral hemorrhagic fever. However, cur-
rently, it is not used as a confirmatory test because it must be
performed at a biosafety level 4 facility, its sensitivity and speci-
ficity are low, and it is not suitable for large-scale screening [16].
Thus, ELISA was developed. It is faster than IFAT and allows
for the simultaneous testing of larger quantities of specimens.
Furthermore, confirmatory testing is possible at biosafety lev-
el 2 laboratories if the virus used as an antigen is inactivated
by gamma-ray irradiation or if representative antigens are

recombined.

Conclusion

Filovirus-induced infections can be confirmed by appro-
priately using laboratory tests and POCTs according to the
situation and conditions. Laboratory confirmatory tests for
filovirus are the gold standard due to the high sensitivity and
specificity of real-time RT-PCR, a PCR test in RNA detection
analysis. However, in terms of expensive facilities and equip-
ment and specialized professionals that are required, such tests
can be challenging to perform in areas where laboratories are

not available, such as in West Africa, where a recent resurgence
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took place. Contrastingly, POCT methods, such as LFIs and
LAMP, are simple and portable and can be used in an environ-
ment with limited facilities and resources. However, the sensi-
tivity and specificity of POCT methods need to be improved.
Further studies are required to develop a new diagnostic testing
method with high accuracy that can be used in various envi-
ronments, including in the field. In particular, it is necessary to
research and develop diagnostic tools that can be used even in
areas with limited facilities, workforce, and resources to quickly

and accurately detect and control filovirus infection.
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Revision of “Immunization Standard and Method” in
the Republic of Korea
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ABSTRACT

The Korea Disease Control and Prevention Agency (KDCA) publishes “Epidemiology and management of vaccine preventable
disease” and periodically revises it for effective immunization. The revised edition was renamed “Immunization Standard and
Method” to clarify the purpose of publication. The main revisions 1) include new chapters on new infectious diseases, newly
developed vaccines, and special matters; 2) reflect the latest epidemiology; 3) apply changed infectious disease diagnosis and
reporting standards; 4) partially change immunization standards; and 5) guide for special situations. The KDCA plans to
regularly revise “Immunization Standard and Method” to reflect the latest knowledge so that medical personnel and health-

related public officials can efficiently and safely perform immunization tasks.

Key words: Immunization; Vaccines; Vaccine-preventable disease
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Introduction

1. Background of the Revision of “Immunization

Standard and Method”

Immunization is one of the most effective and cost-benefi-
cial public health measures for the prevention of infectious dis-
eases. Immunization promotes human health by preventing the
occurrence of infectious diseases as well as downgrading their
severity. The Korea Disease Control and Prevention Agency
(KDCA) first published the “Epidemiology and Management
of Vaccine-Preventable Diseases” in 2005 [1]. This publication

comprehensively summarizes various aspects of immunization
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to elucidate the epidemiology of vaccine-preventable infectious
diseases in the Republic of Korea and promote effective use of
vaccines. These guidelines have been revised periodically to
reflect changes in immunization strategies. Table 1 highlights
the publication history. It has been 6 years since the publica-
tion of the fifth edition of “Epidemiology and Management of
Vaccine-Preventable Diseases” in 2017 [2]. Since then, there
has been a need to include changes in epidemiological informa-
tion, development of novel vaccines, and modifications of the
matters approved for existing vaccines. Based on this, we intro-
duce the major revisions in the sixth edition of “Immunization

Standard and Method,” revised in 2023, in this article [3].
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Key messages
(D What is known previously?

The “Epidemiology and Management of Vaccine-
Preventable Disease” has been revised and published un-
til the fifth edition of 2017 and is being used as a stan-
dard for vaccinating medical personnel in the Republic
of Korea.

(@ What new information is presented?

1) Include new chapters on new infectious diseases, new
vaccines; 2) reflect the latest epidemiology: 3) apply
changed infectious disease diagnosis and reporting stan-
dards; 4) partially change immunization standards; and
5) guide for special situations.

(® What are implications?

Medical personnel and related public officials are expect-
ed to contribute to the effective and safe implementation
of vaccination by referring the latest research results on
vaccination.

Main body

1. Major Revisions of “Immunization Standard
and Method”
Since the publication of “Epidemiology and Management
of Vaccine-Preventable Diseases” in 2005 by the KDCA,

guidelines have been periodically revised to incorporate the

latest information to provide a reference document for public
health centers and medical institutions that are involved in im-
munization strategies.

The KDCA began working on the sixth edition in 2021,
and the editorial team consisted of members of subcom-
mittees by sector under the Korea Advisory Committee on
Immunization Practices (KACIP) and experts in the field for
each infectious disease. The editorial team reviewed research
literature in the Republic of Korea and abroad, including dis-
ease epidemiology and the latest research on the efficacy and
safety of each vaccine. In addition, the editorial team incor-
porated immunization recommendations in the Republic of
Korea and abroad, modifications of the matters approved for
each vaccine, and novel vaccines. The KDCA supervised the
actualization of standards for the diagnosis and reporting of in-
fectious diseases and the needed revisions.

In this edition, certain immunization standards were re-
vised to include recent changes and related academic societies
and expert advisory committees in each field were consulted
for the same. Finally, after deliberation by the KACIP, immu-
nization standards in the Republic of Korea were changed.
Local governments and the medical community were notified
to ensure that healthcare professionals conducting immuniza-

tion comply with the immunization standards.

Table 1. Publication history

Year (month)

Title

2005 (January)
2005 (July)
2006 (July)
2011 (December)
2013 (May)
2017 (April)
2023 (June)

Epidemiology and management of vaccine preventable disease (Ist ed)
Epidemiology and management of vaccine preventable disease (2nd ed)
Epidemiology and management of vaccine preventable disease (3rd ed)
Epidemiology and management of vaccine preventable disease (4th ed)
Epidemiology and management of vaccine preventable disease (4th revised ed)
Epidemiology and management of vaccine preventable disease (5th ed)
Immunization Standard and Method (6th ed)
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The major revisions are stated in the subsequent paragraphs.

First, chapters for coronavirus disease 2019 (COVID-19),
herpes zoster, and special cases, such as patients with chronic
diseases and immunocompromised patients, were newly add-
ed, in order to address new infectious diseases, newly devel-
oped vaccines, and immunization guidelines for special cases.
In the “Immunization Standard and Method”, a new chapter
on COVID-19, a novel infectious disease, was added to de-
scribe the overall management of the disease, including epide-
miology, diagnostic criteria, treatment strategies, and preven-
tion measures. The fifth edition addressed chickenpox and her-
pes zoster in the same chapter, whereas the revised guidelines
have separated the two diseases into individual chapters as
their clinical aspects and vaccines for immunization are differ-
ent. In addition, the revision includes novel vaccines for herpes
zoster that were developed after publication of the fifth edition.
Furthermore, chapters on special cases, such as patients with
chronic diseases and immunocompromised patients, were
newly added to address the specific immunization standards,
including the timing and the method of immunization for such
cases.

Second, we included the latest epidemiological information
for various infectious diseases. Epidemiological information
provides scientific evidence that aids in the protection of popu-
lations from diseases. The circumstances in which diseases oc-
cur differ in each country, or even in different places within a
country, can change over time. In particular, the circumstances
of disease occurrence for vaccine-preventable diseases change
depending on the effectiveness of the vaccine and the vaccina-
tion rate. Hence, “Immunization Standard and Method” have
been revised to include the latest epidemiological information

on such vaccine-preventable infectious diseases.
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Third, to reflect the revised diagnosis and reporting stan-
dards for national notifiable infectious diseases, the contents of
the guideline of “2023 Case Definitions for National Notifiable
Infectious Diseases” were uniformly incorporated into the di-
agnosis and reporting standards for each infectious disease
[4]. The existing “Epidemiology and Management of Vaccine-
Preventable Disease” was published in 2017; however, the
classification of national notifiable infectious diseases was reor-
ganized in 2020, and the notification of diagnostic criteria for
reporting infectious diseases (KDCA Notification No. 2023-3)
was partially revised. The revised “Immunization Standard and
Method” uniformly applied the “2023 Case Definitions for
National Notifiable Infectious Diseases” guidelines to actualize
the diagnosis and reporting standards for infectious diseases.

Fourth, immunization standards have been partially re-
vised to include epidemiological information, the latest re-
search on vaccine effectiveness and safety, and the matters ap-
proved for existing vaccines. The immunization standards for
Japanese encephalitis (inactivated vaccine), human papilloma
virus infection, and herpes zoster (for patients undergoing he-
matopoietic stem cell transplantation), which are supported by
the national immunization program, have been revised, and lo-
cal governments and consigned medical institutions were no-
tified to ensure that national immunization is implemented to
reflect these changes. The immunization standards were par-
tially revised to reflect the latest research for other immuniza-
tion approaches not supported by the national immunization
program. Table 2 highlights the major changes in the immuni-
zation standards.

Fifth, detailed guidelines on special circumstances that oc-
cur frequently during immunization in the field were added.

With the development of science and technology, there are
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Table 2. Summary table of major changes of Immunization Standard

Before

After

JEV * (Interval between dose 1 to dose 2)
7-30 days, minimum interval 7 days
* (Age for dose 2) 12-23 months
* (Interval between dose 2 to dose 3) 12 months
* (Definition of dose 3) Dose of Primary series
HPV? * (2-dose series)
@ Age for dose 1
HPV2, HPV9: Age 9-14 years
HPV4: Age 9-13 years
@ Interval between dose 1 to dose 2
HPV2, HPV4: 6 months
HPV9: 6-12 months
(® Minimum interval between dose 1 to dose 2
HPV2, HPV9: 5 months
HPV4: 6 months
* (3-dose series)
Age for dose 1 of HPV4: Age 14-26 years
VAR for + (Change the number of vaccination)

HSCT? Primary vaccinations (<13 year): 1 dose

* (Interval between dose 1 to dose 2)
1 month, minimum interval 4 weeks”

* (Age for dose 2) 13-23 months

* (Interval between dose 2 to dose 3) 11 months

* (Definition of dose 3) Booster dose

* (2-dose series) Unify the age and interval of initial
vaccination regardless of vaccine type
@ Age for dose 1: Age 9-14 years
@ Interval between dose 1 to dose 2: 6-12 months
(® Minimum interval between dose 1 to dose 2: 5

months

* (3-dose series)
Age for dose 1 of HPV4: Age 15-26 years
+ (Change the number of vaccination)
Primary vaccinations (<13 year): 2—dose
% Minimum interval between dose 1 to dose (<13
years): 3 months

IJEV=inactivated Japanese encephalitis vaccine; HPV=human papilomavirus; VAR=varicella; HSCT=hematopoietic stem cell transplantation.
a)I]EVI The second dose is conducted 1 month after the first dose, and booster dose is recommended 11 months after the second dose. “If
accelerated vaccination is required, such as staying in a country where Japanese encephalitis is prevalent for more than 30 days, the dose 2
can be vaccinated at least 7 days apart after the dose 1. “HPV vaccine: If the first dose is started at the age of 9-14 years, it can be completed

with 2-dose series. “VAR vaccine for HSCT: Those under the age of 13 can be completed with 2-dose series.

many different types of vaccines. Hence, many special circum-
stances occur in the field; for example, the standard immuniza-
tion schedule cannot be applied at times due to specific existing
health conditions. Thus, a specific schedule was added to reflect
commonly occurring immunization situations, such as delayed
vaccination, mis-vaccination, and heterologous vaccination. In
addition, frequently asked questions (FAQs) were prepared for
many situations related to each infectious disease to ensure safe

immunization in the medical field.
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Conclusion

This revision focused on revising the “Immunization
Standard and Method” to reflect novel vaccines that were de-
veloped, changes in the matters approved for existing vaccines,
and recent research. In addition, to clearly indicate the purpose
of publication of these revisions, the existing “Epidemiology
and Management of Vaccine-Preventable Disease” was re-
named as “Immunization Standard and Method”. To summa-
rize, “Immunization Standard and Method” is a standard for
immunization, and we expect that “Immunization Standard

and Method” will be used by healthcare professionals who
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administer immunization and related public officials to imple-
ment effective and safe immunization in the field. The KDCA
will continue to revise “Immunization Standard and Method”
in the future to reflect the situations in which infectious dis-
eases occur, development of novel vaccines, and latest research
in the Republic of Korea and abroad to contribute to public

health through the prevention of infectious diseases.
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QuickStats

Trends in Hypertension and Diabetes Patients and
Medical Expenses, 2011-2021

In 2021, the numbers of hypertension and diabetes patients in the Republic of Korea was 7.16 million and 3.56 million,

respectively, showing an increase of 323 thousand (4.7%) and 218 thousand (6.5%), respectively, from that of the previous

year (Figure 1). Medical expenses in 2021 were 4.3 trillion won for hypertension and 3.2 trillion won for diabetes, showing an

increase of approximately 2 trillion won in 10 years (Figure 2). Thus, the number of hypertension and diabetes patients and the

associated medical expenses have increased.
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Figure 1. Number of hypertension and diabetes patients,
2011-2021
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Figure 2. Medical expenses of hypertension and diabetes,
2011-2021

*International Classification of Diseases (ICD) codes: Hypertension, I110-115; Diabetes, E10-E14

Source: National Health Insurance Service, National Health Insurance Statistical (2021)

Reported by: Division of Chronic Disease Prevention, Bureau of Chronic Disease Prevention and Control, Korea Disease Control and

Prevention Agency
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