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After this course,

• In community epidemics, superspreading can be 
quantified and described.



Epidemiological parameters
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Case or individual based
- Incubation Period 
- Latent period 

Transmission pair based
- Generation time
- Serial Intervals 
- Superspreading potential 

Transmissibility 
- Reproduction number
- Superspreading potential 

Ryu S, et al. 2022 Viruses
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Epidemiological parameters
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Host 
factor

Environmental 
factor

Pathogen 
factor

• Physiological factors

• Behavioural factors

• Immunological factors

• Crowding

• Inter-hospital transfer

• Virulence

• Co-infection 

with another pathogen

Individual variability of infectiousness 

Epidemiological parameters
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Measures for transmissibility

• Infection attack rate
- The proportion of a population (subgroup) infected over the course of an epidemic

• Secondary (infection) attack rate
- The proportion of individuals infected in a semi-closed setting (e.g., households) in 

an outbreak caused by an index case (ideally accounting for pre-existing immunity)
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Measures for transmissibility

• Basic reproductive number (R0)
- The average number of secondary cases generated by an index case 

when an epidemic begins in a completely susceptible population

• Effective reproduction number (Rt)

• Parameter for superspreading potential ?
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Measures for transmissibility

• Basic reproductive number (R0)
- The average number of secondary cases generated by an index case 

when an epidemic begins in a completely susceptible population

• Effective reproduction number (Rt)

• Overdispersion parameter (K)



Contents

1.Measures for transmissibility

2. Basic reproduction number

3. Probability distribution

4. Superspreading potential

5. Practice



12

Basic reproduction number

R0 = 1 

• Basic reproductive number
- The average number of secondary cases generated by an index case when 
an epidemic begins in a completely susceptible population.
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R0 > 1
Ex) R0 = 2

Basic reproduction number
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Basic reproduction number

• R0 < 1 → the disease will eventually disappear

• R0 = 1 → the disease will become endemic

• R0 > 1 → there will be endemic

Giesecke J.	Modern	Infectious	Disease	Epidemiology.	CRC	press
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Basic reproduction number

R0

Likelihood model based on the 
probability distribution

Info. of parameters, susceptible populations, etc

Compartment model with 
differential equations

Info. of offspring distribution

Kim	D,	et	al.	Viruses. 2022이효정 ,	감염재생산지수,	2023

𝑌~ 𝑃𝑜𝑖𝑠𝑠𝑜𝑛(𝜆)
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Basic reproduction number

https://en.wikipedia.org/wiki/Poisson_distribution

Siméon Denis Poisson
(1781-1840)
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Probability distribution 확률변수가특정값을가질확률을
나타내는함수

Continuous 
probability distribution

Discrete 
probability distribution

Probability distribution



Probability distribution

https://en.wikipedia.org/wiki/Normal_distribution

• Continuous probability distribution

• General form of its probability 
density function(PDF):

𝑓 𝑥! θ =
1
2πσ"

𝑒
#(%#μ)!
"'!

Mean: μ
Standard deviation: σ

Normal distribution



• Maximum likelihood estimation (MLE)

• Estimate the most appropriate 
parameters among the assumed 
probability distribution forms.

Probability distribution
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𝑌~ 𝑃𝑜𝑖𝑠𝑠𝑜𝑛(𝜆)

𝑌 : Expected value of a specific event occurring (𝑖. 𝑒., 𝐼𝑛𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝑎𝑠𝑒𝑠)

𝜆 : Mean no. of times a specific event occurs within a time unit (𝑖. 𝑒. , 𝑅()

𝑁𝑜. 𝑠𝑒𝑐𝑜𝑛𝑑𝑎𝑟𝑦 𝑖𝑛𝑓𝑒𝑐𝑡𝑒𝑑 𝑐𝑎𝑠𝑒𝑠 𝑓𝑟𝑜𝑚 𝑎 𝑝𝑟𝑖𝑚𝑎𝑟𝑦 𝑐𝑎𝑠𝑒~ 𝑃𝑜𝑖𝑠𝑠𝑜𝑛(𝑅()

Probability distribution
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𝑌~ 𝑃𝑜𝑖𝑠𝑠𝑜𝑛(𝜆)

Branching Processes

Probability distribution
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• Probability density function (PDF):

• E (X) = λ
• Var (X) = λNo. of occurrences
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𝒇(𝒌; λ)~𝑷𝒐𝒊𝒔 λ

Probability distribution
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𝒇(𝒌; λ)~𝑷𝒐𝒊𝒔 λ

No. of occurrences

Pr
ob

ab
ili

ty
 o

fk
oc

cu
rr

en
ce

s

𝑮𝒆𝒏𝒆𝒓𝒂𝒕𝒊𝒐𝒏 𝟏 ~ 𝑷𝒐𝒊𝒔𝒔𝒐𝒏(𝑹𝟎)

𝑮𝒆𝒏𝒆𝒓𝒂𝒕𝒊𝒐𝒏 𝟐 ~ 𝑷𝒐𝒊𝒔𝒔𝒐𝒏(𝑹𝟎)

𝑮𝒆𝒏𝒆𝒓𝒂𝒕𝒊𝒐𝒏 𝟑 ~ 𝑷𝒐𝒊𝒔𝒔𝒐𝒏(𝑹𝟎)

𝑌~ 𝑃𝑜𝑖𝑠𝑠𝑜𝑛(𝜆)

• E (X) = λ
• Var (X) = λ

Probability distribution
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More accurate model than the Poisson distribution by allowing the mean 
and variance to be different is needed.

Probability distribution

https://en.wikipedia.org/wiki/Poisson_distribution
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𝒇(𝒌; λ)~𝑷𝒐𝒊𝒔 λ

Siméon Denis Poisson (1781-1840)
https://en.wikipedia.org/wiki/Blaise_Pascal

𝑌~ 𝑁𝐵(𝑟, 𝑝)

Blaise Pascal (1623-1662)

Probability distribution
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For occurrences of associated discrete events

https://en.wikipedia.org/wiki/Negative_binomial_distribution

Probability distribution

The Enhanced Fujita Scale (EF Scale)
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Superspreading potential
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• Negative binomial distribution

- Distribution reflecting variation in individual infectiousness 

in the Poisson distribution 

• Parameters

- Mean (R0)

- Variance (kappa) : Variation in individual infectiousness

Superspreading potential

Smaller K, à Greater the variation  (i.e., Highly likelihood SSE)
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𝑌~ 𝑁𝐵(𝑟, 𝑝) • Probability density function 
𝑁𝐵(𝑟, 𝑝) = 𝑘 + 𝑟 − 1

𝑘 J 1 − 𝑝 𝑘 𝑝𝑟
• 𝑟 No. successes by the trial is stopped
• 𝑝 Probability of success in each trial
• 𝑘 No. of failures

• E (X) = 
!(#$%)

%

• Var (X) =
!(#$%)
%!

Negative binomial distributionhttps://en.wikipedia.org/wiki/Negative_binomial_distribution

Superspreading potential
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𝑌~ 𝑃𝑜𝑖𝑠𝑠𝑜𝑛(𝜆)

𝑁𝑜. 𝑠𝑒𝑐𝑜𝑛𝑑𝑎𝑟𝑦 𝑖𝑛𝑓𝑒𝑐𝑡𝑒𝑑 𝑐𝑎𝑠𝑒𝑠 𝑓𝑟𝑜𝑚 𝑎 𝑝𝑟𝑖𝑚𝑎𝑟𝑦 𝑐𝑎𝑠𝑒~ 𝑃𝑜𝑖𝑠𝑠𝑜𝑛(𝑅()

Superspreading potential

Z~ 𝑃𝑜𝑖𝑠𝑠𝑜𝑛(𝑅!)
Offspring distribution with mean 𝑅0: Not applicable when the variance is 
greater or less than the mean                                         
(Failed to show heterogeneity)

Alternative :	Negative	binomial	distribution (Poisson−Gammamixture)
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Superspreading potential

Negative binomial distribution
(Poisson−Gamma mixture)

Z~ 𝑃𝑜𝑖𝑠𝑠𝑜𝑛(𝑅!)

𝐀𝐬𝐬𝐮𝐦𝐢𝐧𝐠 𝑮𝒂𝒎𝒎𝒂(𝜞) distribution
𝑅( ~𝛤 𝛼,

𝑝
1 − 𝑝

𝛼 : shape parameter
p/1-p : scale parameter
p : probability 

𝑃 𝑍 = 𝑧 =
𝛤 𝑘 + 𝑧
𝑧! 𝛤 𝑘

𝑘
𝑘 + 𝑅2

3 𝑅2
𝑘 + 𝑅2

4

𝑍~𝑁𝐵(𝑅(, 𝑘)

Gamma distribution is used in statistics to model a wide range of processes



Superspreading potential
Gamma−Poisson mixture

https://en.wikipedia.org/wiki/Negative_binomial_distribution
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Superspreading potential

Gamma−Poisson Mixture

https://en.wikipedia.org/wiki/Negative_binomial_distribution

𝑓 𝑧; 𝛼, 𝑝 = ' ()*
*!' (

1 − 𝑝 * 𝑝(

𝑃 𝑍 = 𝑧 =
𝛤 𝑘 + 𝑧
𝑧! 𝛤 𝑘

𝑘
𝑘 + 𝑅2

3 𝑅2
𝑘 + 𝑅2

4

𝑍~𝑁𝐵(𝑅(, 𝑘)

*  𝛼 = 𝑘, 𝑝 = 3
3:;

대입 (𝜇 = 𝑅2)

𝐸(𝑍) = 𝜇

𝑉𝑎𝑟 𝑍 = 𝜇 + *"

+
= 𝑅( +

<'
!

=

Lower the 𝑘 , larger the variance
⇒ Increase of ℎ𝑒𝑡𝑒𝑟𝑜𝑔𝑒𝑛𝑒𝑖𝑡𝑦

𝑘 : shape parameter and dispersion parameter
𝑅": basic reproduction number
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Superspreading potential

Offspring distribution fitted with 
negative binomial distribution

Likelihood model based on the 
final size of all clusters

R0

Based on data type

Superspreading potential

Kucharski	AJ,	et	al.	Eurosurveillance. 2015Adam	DC,	et	al.	Nat	Med. 2021
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Superspreading potential

Likelihood model based on the 
final size of all clusters

Info. of infector-infectee pair 

Infector A B C D E F G H

No. 
offspring

11 10 6 6 5 4 4 …

Offspring distribution fitted with 
negative binomial distribution

No. of secondary cases (i.e., infectee) from each infectors

Info. of final size of cluster

n= 3

n= 2

Superspreading potential
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Final No. of cluster size

Likelihood model based on the 
final size of all clusters

Offspring distribution fitted with 
negative binomial distribution

Superspreading potential

n= 18
n= 89

n= 1

Superspreading potential

Kucharski	AJ,	et	al.	Eurosurveillance. 2015
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Superspreading events

Superspreading potential

Offspring distribution fitted with 
negative binomial distribution

Likelihood model based on the 
final size of all clusters

R0
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R package for Fitting Distributions



Practice

• library(MASS)

• "fitdistr" function estimates 
the parameters ‘μʹ and ‘size’ 
of the log normal distribution



① Add data

② Plot histogram 
- for distribution assumption

③ Negative binomial distribution fitting by MLE fitting
- Estimates the 𝑅(and 𝑘

④ Plot PDF

⑤ 95% confidence interval for 𝑅( and 𝑘

Practice



① Add data

② Plot histogram 
- for distribution assumption

Practice

생략또는 right =T: ~이상
Right =F: ~미만



③ Negative binomial distribution fitting by MLE
- Estimates the 𝑅( and 𝑘

Practice

Fitting NB distribution by MLE

<𝑹𝟎@𝒌



④ Plot PDF

Practice



Practice

④ Plot PDF



⑤ 95% confidence interval of 𝑅( and 𝑘

Practice
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1.Measures for transmissibility
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3. Probability distribution

4. Superspreading potential

5. Practice
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