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0 Case-study

Scarlet fever is commonly known to
affect children aged 2-8 years.

Recently, we have identified a larger
number of cases of scarlet fever
among school-aged children.

Are we currently observing a
shift in the age distribution of
scarlet fever?

Clinicians



0 Case-study

* Now, you collect the dataset between
2016 and 2025 from two regions where
scarlet fever is designated as a

notifiable disease.




0 Case-study

« Kindly explore the dataset and present
the results at the next meeting with
clinicians and the public.

Epidemiologist

* Your presentation should be less than 2
minutes.
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0 Epidemiology

The study of how disease is distributed in populations
and the factors that influence or determine this
distribution.

Gordis Epidemiology, 6" Ed. 2p



0 Epidemiology

The study of how disease is distributed in populations
and the factors that influence or determine this

distribution.
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a Epidemiology

Epidemiology is a quantitative discipline that relies on
* probabillity,
 statistics,

* sound research methods.

Age group 0-2 3-6 7-12
South Korea
2016-2019 |9.1% 71.0% 17.7%
2024-2025 | 3.4% 52.4% 40.9%
P-value <0.0017 <0.0017 <0.0017
T7-test

Lee EW, et al. J Infect 2025.

Field Epidemiology, 3™ Ed. 16p



Case study
Epidemiology
Infectious disease epidemiology

Terms in ID epidemiology

o~ O D =

Epidemics in theory

ONE HEALTH Lab

@ with Computational Epidemiology

JI S o

rraes® THE CATHOLIC UNIVERSITY OF KORE

>

a
as
a
ass
as



e Infectious Disease Epidemiology

What is the special feature of ID epidemiology?

-14 -



What makes ID epidemiology special?

1. Transmission
- A case may also be a risk factor

- A case may be a source without being recognized as a case
Cluster ® 'Y N Transr::icssion_type
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Kim D, et al. Viruses. 2023
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e Infectious Disease Epidemiology ) Jut

What makes ID epidemiology special?

2. Immunity

- Dynamic susceptibles

Age Group
Wave 3 Wave 4 Wave 5 Wave 6 Wave 7
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Kim AR, et al. IORV. 2025
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What makes ID epidemiology special?

3. Urgency

Rapid Communication

Impact of travel restrictions for travellers from China on
the internal spread of SARS-CoV-2 in South Korea

A. No. incoming travellers : 1,000

80000 O Cases with travel restriction

O Cases with travellers (infection probability : 10%, screening specificity : 90%),
70000 O Cases with travellers (infection probability : 10%, screening specificity : 70%),— R
60000 O Cases with travellers (infection probability : 30%, screening specificity : 70%), R

50000
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20000
10000

0

R [ 20

Number of cases

JAN 1 JAN 8 JAN 15 JAN 22 JAN 29

Han C, et al. J Travel Med. 2023
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Population-based data

from sentinel surveillance

Hospitalization from SARI

Pathogen-based surveillance

e Parameters in Infectious Disease Epidemiology

Parameters in ID epidemiology

Mortality data

»Hospital based surveillance
Hospitalized SARI or laboratory reporting

cases
»Syndromic surveillance
Sentinel testing

Medically attended
cases

Symptomatic cases Web searches

: »Community based
Asymptomatic cases surveillance

Sero-prevalence survey

Severity pyramid of influenza

-19 -

X =7EH: Ryu S et al, Cold Spring Harbor Perspectives in Medicine. 2020
Ryu S et al. Viruses 2022




e Parameters in Infectious Disease Epidemiology

Time of infection
l Latent period Infectious period
P Time

@&
lnl

Time of infection
from infector

Time
[m]

Generation interval Serial interval
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0 Parameters in Infectious Disease Epidemiology

Incubation period

o

N

R D




e Parameters in Infectious Disease Epidemiology

Fig. 1: Epidemiological parameters of SARS-CoV-2 transmission.

Infection — Infection
* 1. Latent period *
T _)* 2. Individual variability in ‘_* SR
* * infectiousness * *
Infectious —— 3. Incubation period Infectious

4. Serial interval

D) ASTROBOY

IVCOBANTE

é’ Incubate: sit on (eggs) in order to keep them

w warm and bring them to hatching

Kraemer MUG et al., 2022 Nat Med.
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e Parameters in Infectious Disease Epidemiology f

Is Incubation period a constant
across individuals or vary?



0 Parameters in Infectious Disease Epidemiology

Larger dose of Salmonella typhi is associated with
The incubation period can vary substantially among  shorter incubation period

individuals: 0

 Route of infection, dose of infection 30

« Host genetics, age, immunity 20
* Intervention (e.g. pharmacologic prophylaxis and

treatment) °

Median incubation period(days)

10°~10° 10°

Estimated no. of organisms ingested

-24 -



0 Parameters in Infectious Disease

Epidemiology

: : : : Younger patients have longer incubation period for
The incubation period can vary substantially among A,DSg P I pertod f

individuals: ¢ 0
* Route of infection, dose of infection
* Host genetics, age, immunity

* Intervention (e.g. pharmacologic prophylaxis and
treatment)

Proportion of patients progressed to AID
o
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0 Parameters in Infectious Disease Epidemiology

Antiretroviral therapies lengthen the incubation period of
The incubation period can vary substantially =~ AIDS

among individuals: @ 0.8
b Year of infection
_ _ _ _ <) 1975
* Route of infection, dose of infection k5
@ 0.6 1977
_ _ _ S 1980
* Host genetics, age, immunity ° 1985
2 0.4
. . . &
* Intervention (e.g. pharmacologic prophylaxis g
and treatment) 5 0o
=i0;
.g
o
S
£ o ; L l J
0 3 6 9 12 19

Years since infection
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e Parameters in Infectious Disease Epidemiology

How incubation period of individuals or population

can be applied in the clinical or outbreak settings??



0 Parameters in Infectious Disease Epidemiology

For clinical management
 To predict disease severity, e.g. shorter incubation time is

associated with more severe outcome

1.0 —
0.8 —
0.6 —
0.4 —

0.2 —

0.0 —

Non-Fatal cases

Fatal cases

I I I I

0 9) 10 15

Time (days) from infection to onset of symptoms

-28-

Virlogeux V, et al. Epidemiology 2015



e Parameters in Infectious Disease Epidemiology

For public health control

* To identify the origin of common-source outbreaks

Incubation period

No. of case

9-
8
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5
4
3
2
1
0

m Leaf

21:30-3:30 3:30-9:30 9:30-15:30 15:30-21:30 21:30-3:30 3:30-9:30 9:30-15:30

| |

I January 3, 2018 ! January 4, 2018

Time of symptom onset

Kim S, et al. Infect Chemother 2019



e Parameters in Infectious Disease Epidemiology

For public health control

 To estimate the duration necessary for quarantining suspected
or contacts of cases to ensure that they are not infected upon

release



e Parameters in Infectious Disease Epidemiology

* You collect the linelist from the outbreak investigation.

 Kindly explore the dataset and present the incubation period of
the population (mean, median, and min-max) at the next meeting

with clinicians and the public.

 Your presentation should be less than 2 minutes.



e Parameters in Infectious Disease Epidemiology

Time of infection
l Latent period Infectious period
P Time

@&
lnl

Time of infection
from infector

Time
[m]

Generation interval Serial interval
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e Parameters in Infectious Disease Epidemiology g

Serial Interval

Time of infection
l Latent period Infectious period
Incubation period Symptoms 2
E Ll Time

~

Time of infection
from infector

®) Incubation period Symptoms
P o Time

Generation interval Serial interval
-33-



0 Parameters in Infectious Disease Epidemiology

Serial interval

The time between successive cases in a chain of transmission.

Onset Feb Quarantine
Case 1.1 (busan #11) 18 19 22
F26 Index Grcat]” Visited same restaurant Auarariting
Case 1.2 (busan #39) 19 24
M29 ‘4— Worked at same institution

‘ Onset Quarantine
Case 1.3 (busan #56) 19 23 26
F52

Ryu S, et al. 2020 Emerg Infect Dis.

-34-



e Parameters in Infectious Disease Epidemiology

You collect the linelist from the outbreak investigation.
Kindly explore the dataset and present the serial
interval (mean, median, and min-max) at the next
meeting with clinicians and the public.

Your presentation should be less than 2 minutes.
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e Epidemics: Basic theory

1. Individuals affected by an epidemic move through a no. of infection states
S (susceptible) | (infected) R (recovered)

® — > @ — O
2. Epidemics are spread through contact

/|\
3. Chain reaction ¢ -
7 £
2 3
< 2.
> Random effects : @)
& o.
5 & Equilibrium,
= ° or recurrent
4 C t I o epidemics
\;1"
) On ro Establishment Exponential growth Endemicity =~ 1ime

Ferguson, et al. 2003 Nature
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e Epidemics: Basic theory

1. Individuals affected by an epidemic move through a no. of infection states

S (susceptible) | (infected) R (recovered)

® — e —> °

Ferguson, et al. 2003 Nature



e Epidemics: Basic theory

2. Epidemics are spread through contact

Ferguson, et al. 2003 Nature



Epidemics: Basic theory

2. Epidemics are spread through contact

A  First epidemic wave (19 Jan—19 Apr 2020) B Second epidemic wave (20 Apr-11 Aug 2020)

280 - 280 -
70'79-I 70_79 =
8 60-69 - 0.1 8 60-69 - - 0.1
g g ]
O 50-59 - O CQ -
& o 50-59
= c
= 40-49 - - o 40-49 -
O
g,o 30-39 - 8 30-39 -
<C 20-29- 0 &n 20-29 - 0
10-19 - 10-19 -
0-9 - 0-9 -
s 3232388 a2 222382 o
O &6 & & o o o o %A & & & & & & o o %
- N M ¥ 1 OV ~ - N M S 1 O N
Age of Infector Age of Infector

Ryu, et al. 2021 BMC Infect Dis.






e Epidemics: Basic theory

Primary cases - first infections in the population

‘ Susceptible
‘ Infected




e Epidemics: Basic theory

Primary cases - first infections in the population
Secondary cases - infections caused by the primary cases

‘ Susceptible
‘ Infected




e Epidemics: Basic theory

Primary cases - first infections in the population
Secondary cases - infections caused by the primary cases
Tertiary cases - infections caused by the secondary cases

-44 -



e Epidemics: Basic theory

3. Chain reaction (Exponential Phase)

N

&
3 S
D c
= S,

Random effects . O
=
2 >
- C.
© Equilibrium,
= or recurrent
as epidemics

_ _ —_ >Time

Establishment Exponential growth Endemicity

Ferguson, et al. 2003 Nature
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e Epidemics: Basic theory

3. Chain reaction (Exponential Phase)

Incidence during January 20 to April 29
| L |

T l l I l I I I 1 l I l I
: aegu living-care center open
Drive-thru testing centers in operation , DD&E@U&GyQOﬂgbUk
700 |— . ||||l'fhn2restcﬁ Korea _
Testing all Sincheonj religious group 328 Daegu campaign
@
g 600 — Quarantine all travelers from overseas countries by -
4 m i » 2 »

S Request to go out or to restrict movement to Dague 14days : Scieening measures
= 500 Raising the public alert to the highest level ' -

J — = - -
é n Implementing strict social distancing
, —
8 wol— Raising the public alert to the yellow n —
S level(3 out of 4 level) . . , .
- ( : Ddcqg “‘?'d ('_"LU"qu - Quarantining all travelers from overseas
.g 300 First cases l spedal care 2ones l | countries for 14 days
g in Korea — .
; Guideline for social distancing in our living
£ 200 p—- -

\ Daegu living -care
center closed
100 - -
‘ l
ol | | 4 | |
0Nz 0119 01/2% 0zx2 02008 0216 02123 03 0306 0315 03/22 0329 04/05 o2 ™19 04/26 0503

Time (day)
2020

- 46 -

Kim BN, et al. 2020 Processes
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Epidemics: Basic theory
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e Epidemics: Basic theory

No. of confirmed individuals

® Imported individual
® Linked to imported individual

January

Date of diagnosis

21 22 23 24 25 26 27 28

01 02 03
February

Figure 1. Timeline of individuals with laboratory-confirmed 2019 novel coronavirus infections in Korea, as of February 3, 2020.

Table 1. List of confirmed cases of 2019 novel coronavirus infection in Korea, as of February 3, 2020

Case No. Age (yr) Sex Nationality Date of entry to Korea Suspected infection of place or origin
#1 35 Female Chinese Jan 19, 2020 Wuhan, China

#2 55 Male Korean Jan 22,2020 Wuhan, China

#3 54 Male Korean Jan 20, 2020 Wuhan, China

#4 55 Male Korean Jan 20, 2020 Wuhan, China

#5 33 Male Korean Jan 24.2020 Wuhan, China

#6 55 Male Korean - Case #3

Ryu S, et al. 2020 Epi Health



e Epidemics: Basic theory

4. Controls

* What will be the controls (i.e., public health measures)

against epidemics?

Ryu S, et g]. 2020 WHO Technical consultation meeting



e Epidemics: Basic theory

Environmental measures

4. Controls

Hand hygiene Surface and object cleaning

Respiratory etiquette UV light

Facemasks Ventilation

)
o
g
S
8,
o
3
&
:
3
:
g

Humidity

Social distancing measures
Contact tracing Travel related measures

Travel advice
Isolation of sick individuals

Entry and exit screening
Quarantine of exposed individuals

Internal travel restrictions
School closures

Border closures

Workplace closures

Workplace measures

Avoiding crowding Risk communication

Ryu S, et al. 2020 WHO Technical consultation meeting



Epidemics: Basic theory

30 -

25 -

Started OCV campaign

112(3(4|5|6(7(8|9 1011121314151617181920212223242526272829‘30 1m3

NOV DEC
Date of Onset

Fig 2. Epidemic curve showing symptom onset dates of persons with suspected and confirmed cholera: Isingiro District, Uganda, November to December 2021.

Aceng FL, et al. Plos Global Health. 2025
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e Epidemics: Basic theory

4. Controls

Number infectious

/N

R after controls

O
4

3
2

1
0.5
0.2

0.1

\ Epidemic

No controls

\ slowed (R>1)

Epidemic
stopped (R<1)

= Time

Ferguson, et al. 2003 Nature



e Epidemics: Basic theory

4. Controls

« Basic reproductive number (R))
- The average number of secondary cases generated by an index
case when an epidemic begins in a completely susceptible

population

« Effective reproduction number (R))



e Epidemics: Basic theory

« Basic reproductive number

- The average number of secondary cases generated by an index case when

an epidemic begins in a completely susceptible population.

O 00

Ry =

-54 -



Ex) Ry = 2

iesecke J. Modern Infectious Disease Epidemiology. CRC press



Epidemics: Basic theory

* After relaxed social distancing, R, was increased above 1

A Relaxed strict social distancing measure Started to djstribution of relief funds
70 - General election Started to resuming school
o O Imported cases
D 5o - O Local cases
(%]
(‘0 —
(&
S 30 3
Z 7 4 v
10 =] ' v
0 | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
B s-
4 ] z‘f\\
m-l.; 3 ] / \\\
\
. \ [\
/‘
S W S N U R § S, W A O
1 ‘\I\y / \\’f\ — / ’\/L == R ™
O | | | | | | | | | | | | | I‘wmldﬂwﬁld | | | | | | | | | | | | | |
1825 1 8 1522297 142128 4 1118252 9 162330 7 1421285 121926 2 9
January February March April May June July August

Date of symptom onset

Ryu S, et al. 2021 BMC Infect Dis.
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e Epidemics: Basic theory

Sudan virus disease super-spreading, Uganda,
2022

Komakech et al. BMC Infectious Diseases (2024) 24:520
https://doi.org/10.1186/512879-024-09391-0



e Epidemics: Basic theory

A Sports academy . B Karaoke center D Other settings
/? P Welfare facility for disabled

19y x
D wimd
o

Reading room  Acting school

A
\).:

¥ it \ . C High school
b—20 > _.o<:§
3‘ SR .
; NN Sporadic cases
A\) > © o
Y] 4 o
® o
O

Hwang H, et al. J Inf Dis. 2022
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e Epidemiology

(1) Description of the cases of a disease
*  When do they appear? Where? What ages are they?

Is there any group-defining characteristics that they have in common?

« Why were there so many cases in a certain area?
* Why are there more cases this year than last?
* Where were there no sick children?

(2) Systematically compare the group of disease cases with another group of healthy people.

» Test clues offered by the descriptive study by exploring the differences in characteristics
between the ill and the healthy.

Convert our knowledge about this disease into preventive action.

« Can we influence people’s behavior to lessen their risk of falling ill”?
* Is there any prophylactic treatment?

Modern Infectious Disease Epidemiology, 3 Ed. 1-2p
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22X —— 100% growth

Growth in real observation
not a discontinuous jump

No. Infected cell
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No. Infected cell

e Epidemics: Basic theory

@ 100% growth
@ Continuous
3 Flexible by time and rate of growth

2718 = e¥ —

e (growth rate per unit of time)

|

(Ro—1)

eX -
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