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HISTORY OF PANDEMICS

PAN-DEM:IC (of a disease) prevalent over
a whole country or the world.

THROUGHOUT HISTORY, as humans
Deathiol spread across the world, infectious

Antonine Plague 165-180 ® ‘ diseases have been a constant
Plague of Justinian 541-542 30-50M § companion. Even in this modern
Japanese Smallpox Epidemic 735.737 —e era, outbreaks are nearly constant.

Here are some of history's most
deadly pandemics, from the
Antonine Plague to COVID-19.

Black Death (Bubonic Plague) 200M
1247-1351

Throughout the 17th and 18th
centuries, a series of
“Great Plagues’ routinely
ravaged cities across Europe.

Smallpox 56M
1520

18th Century Great Plagues 600K ‘
1700

Cholera 6 outbreak 1M
1817-1923

The Third Plague 12M
1855

Spanish Flu 40-50M

Yellow Fever 100-150K 1918-1919

LATE 1800s b
Russian Flu 1M
1889-1890
1900
1925
HIV/AIDS 25-35M
1981-PRESENT AsianFlu 11M 5
19571958 228

Hong Kong Flu 1v1
1968-1970
1975

2000
R Swine Flu | 200K
MERS 850 Ebola 11.2K @ 2009-2010
i f .3 - x
2012-PRESENT e ZCOVID-19 6.9M

* 2019-02:30pM PT, MAR 1, 2023 [ONGOING]

12025

WHO officially declared COVID-19

2 mandamie an Mar 11 2090

DEATH TOLL
[HIGHEST TO LOWEST]

200M

Black Death (Bubonic Plague)
1347-1351

56M
Smallpox
1520

in rats and spread to
humans via infected fleas.

out 30-50% of Europe's
population. It took more than
200 years for the continent's
population to recover.

ward off smallpox.

< e e

25-35M 12M 6.9M" 3M

HIV/AIDS The Third Plague  COVID-19 Antonine 17th Century
1981-PRESENT 1855 2019-02:30pm PT,  Plague Great Plagues
MAR 1, 2023 165-180 1600
[ONGOING]
® ® & - .
™ 600K 200K 100-150K
Cholera 6 Japanese 18th Century Swine Flu Yellow Fever
outbreak  Smallpox Epidemic Great Plagues 2009-2010 LATE 1800s
1817-1923 735-737 1700

“Johns Hopkins University estimates

Sources:
CDC, WHO, BBC

40-50M
Spanish Flu
1918-1919

Native Americans. In Europe during the
1800s, an estimated 400,000 people
were being killed by smallpox annually.

Ll
The plague originated The outbreak wiped Smallpox killed an estimated 90% of
The first ever vaccine was created to

1M
Asian Flu
1957.1958

|
1.3K
Ebola
2014-2016

@ e 1 e e
It is hard to calculate and forecast
the impact of COVID-19 because
the disease is new to medicine,
and data is still coming in.

*Johns Hopkins University estimates

30-50M

Plague of Justinian
541.542

The death toll of this plague
is still under debate as new
evidence is uncovered, but
many think it may have
helped hasten the fall of
the Roman Empire.

& ®

™ ™
Russian Flu  Hong Keng Flu

1889-1890 1968-1970
|
850 770
MERS SARS

2012-PRESENT  2002-2003

VISUAL .
Wikipedia, @ @
@ CAPITATISTINN CEw L
Encyclopedia Britannica
Johns Hopkins University
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Pandemic influenza in the past 100 years

Estimated
attributable Age groups

Pandemic emeraence Estimated R CFR excess most
9 mortality affected

worldwide

Area of Estimated

!,ZL;}?;? ? HINT 1.5-1.8 2-3% 20-50 million  Young adults
“Asian” China : ’
Ijlgrﬁmz-:(?)?lgg Socu;ifrl‘:]rn H3N2 1.3-1.6 <0.2% 1-4 million All age groups

Children, young

2009-2010 . H1N1 o 151,700~ adults and
“H1N1pdm” Mexico (SI0) L aLo R 575,400* pregnant
women

Pandemic Influenza Preparedness and Response. A WHO Guidance Document, 2009

UK Influenza Pandemic Preparedness Strateqy 2071. * Dawood FS, et al. Lancet Infect Dis 2012:12:68%-95




- The 2009 H1N1 pandemic began
from North America.

- The 15t laboratory-confirmed cases
appeared in Mexico in February and
March of 20009.

- Cases that were detected in
California in late March were
laboratory-confirmed by mid-April.

- By the end of April, cases had been
reported in a number of U.S. states
and in countries on various
continents.

- On April 25, the WHO declared a
public health emergency of
international concern.

- On June 11, WHO declared that the
situation met the criteria for phase 6,
that is, a full-fledged pandemic.

Number of cumulative positive HLN1 samples by country

Oo
[C] 1-24,999 W 75,000-99 999
T 25.000-49,999 [l =100000

[ 50,000-74,999 [l Not available

Figure 1. HIN1 Influenza Pandemic.
Data are from the World Health Organization and http://fluNet.org.

N Engl J Med 2014,370:1335-42.




Classic
swine
HiN1

Human
H3MN2

Avian

North American swine
H3NZ and H1N2

2000

2009 Human H1N1

(NEJM 2009, 360: 2605-2615)
(NEJM 2009, 367 115-719)
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Cumulative deaths
* 1-10
® 1-50
® 51-100
. 101 and mere

[ Countrytemitony/area with confinmed cases

@ WHD 2090, All Rights Resanved. Disclaimar.

Timeline
Pandemic (H1N1) 2009 laboratory confirmed cases
And number of deaths as reported to WHO
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Previous Mext

Chinese Taipei has rapoited forty-cne desths associated with pandemic (H1M1) 2000,

Viewl/download static maps.




Cumulative case incidence rate in Korea

Cumulative rate per 10,000 population

]
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KCDC. Analysis of reported pandemic influenza(A/H1N1 2009) virus infections in Korea




Cumulative case incidence rate in Korea

Table 1. Reported number of pandemic influenzalA/H1N1 2009) cases, April 2009 - August 2010

Data collection sources _ Total no. of cases
Death registry of ANB (subjects of analysis)
NIDSS (A) e —. -
epidemiological investigation (B) (A U B)
No. of reported cases 763,752 270 263 763,759

NIDSS : National Infectious Disease Surveillance System

Table 2. Case incidence and case fatality of pandemic influenzalA/H1N1 2009) by sex and age group

Case incidence Case fatality
No. of Rate No. of
reported case (/100,000) RR 95% Cl fatalcase  Hate(%) AR 95% Cl
Total 763,759 1538.1 270 0.04
Sex Male 404,658 1626.7 1.13 1.12-1.13 141 0.03 1.09 0.86-1.39
Female 359,101 14491 Ref. 129 0.04 Ref.
Age 0-9 276,092 5510.9 61.00 59.23 - 62.82 17 0.01 0.19 0.11-0.32
10-19 276,694 4058.1 61.14 59.36 - 62.95 8 0.003 0.09 0.04-0.19
20-29 92,061 1291.7 20.34 19.74 - 20.96 10 0.01 0.11 0.06-0.22
30-39 55,675 661.2 12.30 11.93-12.68 18 0.03 0.20 0.12-0.34
40-49 30,436 349.8 6.72 6.52 - 6.94 25 0.08 0.28 0.18-0.44
50-59 20,706 327.4 457 443-4.72 43 0.21 0.48 0.34-0.70
60-69 7,569 188.9 1.67 1.61-1.73 60 0.79 0.67 0.49-0.94
70 or over 4,526 139.3 Ref. 89 1.97 Ref.

1) Case incidence rate = No. of reported cases / Mid—year population * 100,000,
2) Case fatality rate = No, of fatal cases / No. of reported cases * 100,

RR! Relative risk for no. of reported cases, Relative rigsk for no. of fatal cases.
95% CI : Wald 95% Confidence Limits, Ref, : Reference group

KCDC. Analysis of reported pandemic influenza(A/H1NT 2009) virus infections in Korea
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H 2 A (Middle East Respiratory
Syndrome)

- 3E2E/TRT

. MERS-CoVO| oJ8t 357|2e=

. 2012 AL C|OLZHH[OtO M XS EnEl

» Erasmus Medical Center (Netherlands)01|)\1 HfOIEV\ ALY =t

‘ BRIEF REPORT |

Isolation of a Novel Coronavirus
from a Man with Pneumonia in Saudi Arabia

Ali Moh Zalka, M.D., Ph.D., Sander van Boheemen, M.5c., Theo M. Bestebroer, B.5c,,
Albert D.M.E. Osterhaus, DV.M., Ph.D., and Ron A.M. Fouchier, Ph.D.

SUMMARY

A previously unknown coronavirus was isolated from the sputum of a 60-year-old
man who presented with acute pneumonia and subsequent renal failure with a fatal
outcome in Saudi Arabia. The virus (called HCoV-EMC) replicated readily in cell cul-
ture, producing cytopathic effects of rounding, detachment, and syncytium forma-
tion. The virus represents a novel betacoronavirus species. The closest known rela-
tives are bat coronaviruses HKU4 and HKUS. Here, the clinical data, virus isolation,
and molecular identification are presented. The clinical picture was remarkably sim-
ilar to that of the severe acute respiratory syndrome (SARS) outbreak in 2003 and
reminds us that animal coronaviruses can cause severe disease in humans.
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Confirmed global cases of MERS-CoV
Reported to WHO as of 20 May 2016 (n=1733)

1104
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Other countries: Algeria, Austria, Bahrain, China, Egypt, France, Germany, Greece, Iran, Italy, Jordan, Kuwait, Lebanon, Malaysia, Netherlands, Oman, Philippines, Qatar, South (f/’ C “ ‘{; World Health
Africa, Thailand, Tunisia, Turkey, United Arab Emirates, United Kingdom, United States of America, Yemen \l W V 0 t
Please note that the underlying data is subject to change as the investigations around cases are ongoing. Onset date estimated if not available. \l' " rganlza ion




Index Case

68/M
« Chief complaint: fever, myalgia, cough, and dyspnea
- Travel History
- returned from Bahrain on 11 May 2015
- UAE: 29 Apr 2015 - 30 Apr 2015
- Riyadh, Saudi Arabia: 1 May 2015 - 2 May 2015
« He denied any contact with camel, or ingestion of camel meat or milk.
- He didn't meet any ill-looking person or visit any hospital in Saudi Arabia.

« Confirmation of MERS: 20 May 2015.




2015 MERS In South Korea
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Distribution of the Associated
Hospitals
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ransmission chain

FIGURE 2

Simplified transmission diagram illustrating the superspreading events associated with Cases 1, 14, 16 and fourth-
generation infections of MERS-CoV, South Korea, 11 May-19 June 2015 (n = 166)
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MERS-CoV: Middle East respiratory syndrome coronavirus.

Eurosurveillance Volume 20, Issue 25, 25/Jun/2015
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Variahle L IV Cehene Pyalue
(N = 186) (N=153) [N =33)
Median age (range] - years 535 (16-88) 53 (17-HG) GikG [49-86) <[40
Ape =55 vears - no. (%) 97 [52.2]) 67 (44.6) Hr(a0n9] <[1,041
Male sex - no, (%) 1140 (39.5) HH {57.49] 22 (66,7 042345
Health care worker - no. (%) 3 [21.0) 39 (25.5) ) <(L.00 1
Asymplormatic cases 2(1L1) p ] 1.0
Preumonia - no,total no, (%) 147,/ 182 * (80.8) 116150 (77.3) 31/32(969) 0.598
Coexisting medical conditions - no, (%)
Chie oF more coexisting medical conditions 10K} [55.4) 75 (49.0) 28(81.8) <0001
Hyperension 539 (31.7) 42 (27.5 17 151.5) 0.7
Maberes 35 [18.H) 23 (15.0) 12[36.4) 00044
Solid organ malignancy 23(13.4) 15 (9.%] 10(%0.3] 0.2
Chronic hing disease 19 10,2) 7 (4.6] 12(36.4] <0001
Chronic heart disease 17(9.1) 101(6.5] T(21.2) B
Cerebrovascular disease 17 (9.1} 12 {7.8] 5015.2] 0,160
Chronic liver disease 10 [3.4) Gi3a) 4012.1] nova
Chronic kidney disease a9(4.8) G {3.9] F09.0] 01,2401
Hematologic malignancy 4[2.2) 2(1.3) Z6.0) [.145

Infection & Chemotherapy 2016, 48(2). 118-126.




LY $HXpo| QAQFAL - X

o O o

| =

Survivors (N= peceased?® (N =

Variable Total (N = 186) 153) o
Antiviral agents - no. (%) 138 (74.2) 113(73.9) 25 (75.8)
Initiation of antiviral agents within 48 h. after 26 (14.0) 18(11.8) 8(24.2)
symptom onset
Proportion of each regimen (%)
Interferon + ribavirin + lopinavir/ritonavir 81.1 81.4 80.0
Interferon + ribavirin 12.7 14.1 4.0
Ribavirin + lopinavir/ritonavir 5.0 2.6 16.0
Ribavirin 0.7 08 0
Lopinavir/ritonavir 0.7 0.8 0
Antibiotics - no. (%) 140 (75.3) 109 (71.2) 31 (93.9)
Mechanical ventilation 45 (24.2) 20(13.1) 25 (75.8)
Haemodialysis - no. (%) 15(8.1) 5(3.3) 10 (30.3)
Extracorporeal membrane oxygenation - no. (%) 13 (7.0) 10 (6.5) 3(9.1)
Convalescent serum - no. (%) 7(3.8) 6(3.9) 1 (3.0
Intravenous immunoglobulin - no. (%) 52.7) 2(1.3) 3(9.1)

dDeceased were determined at 28 days since the onset of symptoms.

Infection & Chemotherapy 2016, 48(2): 118-126.
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Variable 0dd ratio (95% u}h P-value
Age =55 years 8.63(3.19-23.30) =0.01
Symptoms during the entire disease course

Dyspnea 18.81 (2.39-148.41) =0.01
Coexisting medical condition

Diabetes mellitus 2.47 (1.06-5.72) 0.04

Chronic lung disease 2.24 (1.04-4.79) 0.04
Vital sign at admission

Systolic blood pressure <90 mm Hg 5.38 (1.65-17.49) <0.01
Laboratory abnormalities at admission

White blood cell count =10,000 / mm> 3.16 (1.10-9.07) 0.03
Treatment

Mechanical ventilation 8.04 (2.95-21.92) =0.01

9In Cox-regression analysis, the data was censored at September 30, 2015 for survivors.

bl denotes confidence interval.

Infection & Chemotherapy 2016, 48(2). 118-126.
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AZLHO| AT HS-19 (COVID-19)

COronaVlirus Disease 2019
DAZLHHO|H ALY F-19 (R ELH19)

201948 128 &= ZH||0|(Hubei)d 2%t Wuhan)lM XS 21
20204 18 3129 WHO= =XN|& 5527 H[AAEf Mz
20204 3& 11¥ WHO= @ MAAE QI Cf 3 (pandemic) 412

- WHO(1948 M 2h7F MASH pandemic: 1968 &35 ZHA/H3N2), 2009
H AESIEFAUXHA/HINT)

LZ|LIEH= 20203 1€ 202 A COVID-19 2HX} 2+l
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« B.C.
. Before Christ > Before Corona
« AD.
: anno domini = After Disease
(A.C.: After Corona)

CHCACW POrK eumes

Our New Historical Divide:

B.C.and A.C. — the World
Before Corona and the World
After

Here are some trends to watch.

f v = -~




COVID-19 M szt

WHOO 218 H M| CoVID-19 Td ¥ (2020.1.~2025.4) WHOO ETE H M7 covID-19 AFY $£(2020.1.~2025.4.)

an an Jan
2023 2025 2021 2022 2023 2024 2025

o M MA TELM9 £ At2E 777,720,205F, £& AfQss
7094447802 HINE(25413 7|F)

https.//dportal kdca.go.kr/pot/bbs/BD_selectBbs.do?q bbsSn=1025#




Estimated cumulative excess deaths per 100,000 people during COVID-19, Jun 17,
2024

For countries that have not reported all-cause mortality data for a given week, an estimate is shown, with uncertainty interval. If reported data is
available, that value only is shown. On the map, only the central estimate is shown.

BB Table S Map [~ Line Ll Bar Zoom to... v 2D 3D

No data 0 100 200 300 400 500 600 700 800
A 4 | | | I
p Play time-lapse Jan 1, 2020 . Jun 17, 2024
Data source: The Economist (2024); World Health Organization (2025); Population based on various sources (2024) - Learn more about this data CCBY

https.//ourworldindata.org/coronavirus




Estimated cumulative excess deaths during COVID-19, World
For countries that have not reported all-cause mortality data for a given week, an estimate is shown, with uncertainty

interval. If reported data is available, that value only is shown. For comparison, cumulative confirmed COVID-19
deaths are shown.

BB Table |~ Line Lul Bar « Change country or region
40 million
o Upper bound, 95% uncertainty
35 million interva
30 million
Central estimate
25 million
20 million Lower bound
15 million
10 million
Confirmed deaths
5 million
D I |
Jan 1,2020  Jun4, 2021 QOct 17, 2022 Feb 29, 2024 Aug 10, 2025
» Jan1,2020 @ @ Aug10,2025

Data source: The Economist (2024); World Health Organization (2025) - Learn more about this data
OurWorldinData.org/coronavirus | CC BY

& - i

https.//ourworldindata.org/coronavirus
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Importance of infectious diseases

- Total amount of infectious diseases are decreasing.

« "The time has come to close the book on infectious diseases”
- US Surgeon General William H Stewart, 1969

- Really?

FIGURE 1. Crude death rate* for infectious diseases — United States, 1900-1996"
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tAdapted from Armstrong GL, Conn LA, Pinner RW. Trends in infectious disease mortality in
the United States during the 20th century. JAMA 1999:281;61-6.

S American Water Works Association. Water chlorination principles and practices: AWWA manual
M20. Denver, Colorado: American Water Works Association, 1973,
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Importance of infectious diseases

' AEHIM 1pdm 09

Total amount of infectious diseases are decreasing.
However, impact of infectious diseases are increasing.
- New & re-emerging infectious diseases
- Rapid transmission of transmissible diseases

- Antimicrobial resistance, social perception, bioterror, etc.
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Unpredictability: unknown unknown

“Black Swan” Event

The Black Swan: The Impact of the Highly
Improbable Nassim Nicholas Taleb - 2007

has never happened before
has a major impact

Is rationalized by hindsight
after the occurrence as if it
was expected

“Unknown Unknowns”




The driver-pathogen interactions that
contribute the emergence of infectious
zoonotic diseases

Human Domain
Human Haalth lssues
Behavior, Attitedes, Preferences, Culture
Lifestyle, Economics, Technology
Movemeni, Transport, Trade

maﬂ-.ﬁﬂ vironment Fﬂfﬂf’fﬂc\ l / Human-Animal Interface: \
| Built Environment” Companion Animal Ownership \

| Pollution (&ir, Water, Noise, Light. Solid Waste) Animals as Food, Husbandry Practices ,
! Urban/ Periurban Development Wildlife Managemeni Practices
Mor-animal Farming Practices Hakbstat Encroachment
{Crop Choice, Irrigation) s
— Disease ~—

Emergence
Re-emergence

Persistence \ 1

Environmental Domain Animal Domain
Long-term dlimatic change Mon-human Animal Health Issues
Global Weather Influences (ENSO) Behavior, Geographic Range,
Local/Regional Weather Patterns Biodiversity Loss, Predator-prey
Altitude, Temperature, Humidity —m— Balance, Habitat and Feeding
Soil and Vegetation Type Freferences or Requirements
Animal-Environment Interface:

Expansion/ loss of range
Irwasive Species
Environmental Effect on Immunity
Hec:t of Ervironmental Conditions en Lifespan

a"ll:: REPI‘DUJEf.IDI'I (especially vector 51

Homo Sapiens is just one of many animal species that share a common
environment!
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True picture of Korean medical system

Fig. 2.1 Overview chart of the health care system
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Hierarchical retionship

e C o tual relationship

» Total No. of health care institution
- 52,914 (2007)
 Total No. of hospital beds
- 450,119 (2007)
- 6.8 beds per 1,000 population (2006)
- 2nd highest among OECD countries
« Annual medical visits per person
- 11.8 cases
(cf. OECD countries average: 6.8

cases)

3 WEEMEST BAFETY?

Chun C-B, Kim S-Y, Lee J-Y, Lee S-Y. Republic of Korea:
Health system review. Health Systems in Transition, 2009,
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National infectious disease prevention
and control system was not enough.

- Inadequate number and expertise of the
staffs

- field epidemiologic investigators
- infectious diseases specialists ‘
- nurses g k

- Inadequate facilities and equipment
- Isolation room (negative pressure)
- Personal protective equipment(PPE)
- Inefficient use

« Who/what was the control tower?

« The Control Tower should be the Consult
Tower.




7| 8 Al FE H=A U ofwd

o =2

Ao

Strict and rigid application of the
guideline can lead a bad result.

« The guideline cannot be perfect.

« There are a variety of situation in the real field.

« The guideline with only declarative information cannot be helpful

to cope with various situations.

- Flexible response depending on the situation

- based on the professional assistance & consultation
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v Swiss Cheese Model

BUCCESBIVE LAYERE OF DEFENBES

SUCCESSIVE LAYERS OF DEFENSES




o8| o= sfof 3Ltz




H S} 71 &l Q S},

L) Al .
2L TITE ZAL S RHE K| = HA| MEUE PieK
0|I:|O| || AH§|-| A .| LO:II:I |E |X—|
Ak 2e| el K2 ) FEL}, L2 N A 2 MEX| 2 HH 23 2HY| THAA
(EE ol R0 7Y) ™ () ‘] |7:|I-$-T
s o gt
. 5 . 5 7INgE 20220408 2 257 [7az| 252 | @) T
. BOMOlE  MEXE  122E2RUBLIE,
vorEs  slsHa  sldeEz(es)
i @513 Qa g I oy [®
HE7te Als 17144 | o sixiel 2 Hol ol Solg Kol
8121 (RAT) CALENS RN E T
sguu RN 257 42 [ : -
(2%, SNS) ~ soio “PICK
G siissias
@ - (e Zikd 74 u A MHEZERI = A AlASEO]lAH |_x|:n
HEpAE) A I:I_I_?:I Ea—'—; I_-I = I_lﬁ—l— I_l__ll_t:l _'Iil I:IA EI_I-
*604] o[4S HolPE e (e 7IMEI= 2022.04.08. 27 10:40 233 | @) ere7l un
H2 Y= XA (GARH|E) MY ks o z2
@s 149 55 ex= b O [
2= =3
FELMO I HIEN PCR(REK BE) (38 149 2} 312 21
olx ZANER ASZAZA(RAT) 'SH'E IRLMO T QIH
of= M21 o1 AHE MuiAl ol &
SRR S0l SOMPCREML 67RO F2IIS MAYHAMR oY) Fhseit ob o
x.ﬂéjﬁ (Rl g e il oAl dle QNIT=E 24 MOILE QS +Z OFLS
- ANY STIH IR NS F LE
SRR SOl HEYER: 45 (3% 12 SEf) #A BE B7g(0] 22 AR | 45 2N
ZHa| o= 0|gt2x}: e .
(32 149 ) 34 L DFR A2 942 o 5 24l
AR/ FYMLRIH RS (7102

FOiIT 71Xt ZA2] @IEt 20220815




7190M A2t € IS 32| oA}

Hospital €

June! July August

The Journal of Infectious Diseases, Volume 204, Issue suppl 1, July 2011, Pages $483-5S490
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Conversion of paradigm
- high accessibility > high safety
- Quantity - quality
. preserve the accessibility as much as possible

- under the social consensus

Reform the delivery system
- block the "Doctor shopping” \
- differentiated service of each ste B; <

- value-based benefit

1\. Q k %
Control the overcrowding of ER \ Qs?’ //
Enhance Infection control ,\W//
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{1) Submitting inbound information

Symptoms {action)

s guarantine
Airline, Passengers,
Crews

P
% 1)

carrier roaming % copy
information By %

Mational Quarantine
Service

(2) Providing
information on
inbound visitors to
contaminated

(1) Submitting
inbound information
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Ministry of Culture, Sports
and Tourism

(4) Registering a DUR and
receiver qualification system

Ministry of Justice
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(5) Connecting medical iI'IT’E}-lI'EGn

&:

Action (inspection,
isolation, hospitalization)

a person who enters
the country

action

I3

municipal and
provincial health
centers

action

=

Medical period

Fig. 7. An Overview of the Quarantine Information System

J. Korean Soc. Hazard Mitig. Vol. 20, No. 3 (Jun. 2020), pp.39~50
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Government
Trust
Press Based on Public
Science
Medical  In risk communication,
professionals .
trust is the currency of

transaction.
- Gaya Gamhewage, 2014




Thank you for your attention!




