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▪ Understand key concepts of infectious disease epidemiology: 
- Emergence  
- Transmission  
- Contagion  
- Course of infection  
- Heterogeneities 
- Vaccination  
- Control

2Infectious Disease Epidemiology
Learning Objectives
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3Infectious Disease Epidemiology
Learning Objectives
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4Infectious Disease Epidemiology
Learning Objectives



Di
gi

ta
l E

pi
de

m
io

lo
gy

 L
ab

    
 B

IO
-5

21
    

  S
pr

ing
 se

m
es

te
r 2

02
5

5

▪ Until mid 19th century, 
doctors had wrong 
conception of 
infectious disease 
spread (miasma, foul 
air).
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▪ Parasites: extract resources from another organism
▪ Host: an organism which provides resources to parasites

▪ Pathogen: disease-causing parasite

6Infectious Disease Epidemiology
Emergence



Di
gi

ta
l E

pi
de

m
io

lo
gy

 L
ab

    
 B

IO
-5

21
    

  S
pr

ing
 se

m
es

te
r 2

02
5

▪ Parasitism as old as life - responsible for major adaptations, 
including sexual reproduction.

7Infectious Disease Epidemiology
Emergence
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▪ Zoonosis - jump from an animal reservoir species

8Infectious Disease Epidemiology
Emergence
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9

Evidence

Infectious Disease Epidemiology
Emergence
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▪ Spill-over events

10Infectious Disease Epidemiology
Emergence
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11Infectious Disease Epidemiology
Emergence

Modified from Antia et al. 2003
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12Infectious Disease Epidemiology
Emergence
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13Infectious Disease Epidemiology
Transmission
▪ Contagion: In a new host, a pathogen needs to be able to transmit 

itself from one individual to the next.
▪ Transmission mode vs Transmission route
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14Infectious Disease Epidemiology
Transmission
▪ Contact: the link between (potential) infecting individual and 

infected individual. Depends on transmission.
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15Infectious Disease Epidemiology
Transmission
▪ Cholera: caused by Vibrio cholerae. Ingested through water, can 

cause severe dehydration which can lead to death (CFR ~2%)

Source: https://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0000898
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16Infectious Disease Epidemiology
Waterborne transmission
▪ Cholera
▪ Salmonella* (Typhoid fever)
▪ Hepatitis A and E
▪ Polio**

* mostly foodborne 
** ~95% asymptomatic
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17Infectious Disease Epidemiology
Airborne transmission
▪ Airborne: aerosols and droplet. Respiratory diseases, measles, 

chickenpox, TB, pneumonic plague, etc.

▪ Before COVID: 
< 5 μm: aerosol  
> 5 μm: droplets 

▪ Aerosol transmission
▪ Droplet transmission
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18Infectious Disease Epidemiology
Airborne transmission
▪ Airborne: aerosols and droplet. Respiratory diseases, measles, 

chickenpox, TB, pneumonic plague, etc.

▪ Before COVID: 
< 5 μm: aerosol  
> 5 μm: droplets 

▪ Aerosol transmission
▪ Droplet transmission
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19Infectious Disease Epidemiology
Airborne transmission
▪ Aerosols up to 100 μm can remain suspended for long time.
▪ Viral load in aerosols higher than in droplets
▪ Aerosol likely the dominant transmission mode
▪ Both play a role, but droplet only over short distances. Aerosol 

over short AND long distances.
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20Infectious Disease Epidemiology
Airborne transmission
▪ Influenza: still thought to be mostly droplet, but evidence is shaky 

after COVID-19.

Source: Brankston et al 2007



Di
gi

ta
l E

pi
de

m
io

lo
gy

 L
ab

    
 B

IO
-5

21
    

  S
pr

ing
 se

m
es

te
r 2

02
5

21Infectious Disease Epidemiology
Airborne transmission

Source: Atkinson & Wein, 2008

▪ A mathematical model
▪ “An analysis of this model 

in conjunction with 
influenza and rhinovirus 
data suggests that aerosol 
transmission is far more 
dominant than contact 
transmission for influenza.”

▪ close contacts unlikely to 
generate enough 
transmission
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22Infectious Disease Epidemiology
Airborne transmission

Source: Mubareke, 2009
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23Infectious Disease Epidemiology
Airborne transmission

Source: Mubareke, 2009

▪ A outbreak in hospital 
ward setting
▪ “A directional indoor 

airflow was found; it was 
inadvertently created by 
an unopposed air jet from 
a separate air purifier 
placed next to the index 
patient’s bed.”
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24Infectious Disease Epidemiology
Airborne transmission

Source: Noti et al, 2012

▪ A simulated patient 
examination room
▪ “Infectious influenza was 

recovered in all aerosol 
fractions.”
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25Infectious Disease Epidemiology
Airborne transmission

Source: Cowling et al, 2013

▪ Application of a 
mathematical model to 
data from randomized 
controlled trials in Hong 
Kong and Bangkok 
households
▪ “Measures to reduce 

transmission by contact 
may not be sufficient to 
control influenza 
transmission”
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26Infectious Disease Epidemiology
Airborne transmission

Source: Lindsley et al, 2016

▪ Influenza patients were 
asked to cough and 
exhale into a 
spirometer
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27Infectious Disease Epidemiology
Airborne transmission

Source: Xiao et al, 2018

▪Modelling 
investigation

▪ Best fit of 1’140 
scenario: model 
with 94% long-
range airborne 
route
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28Infectious Disease Epidemiology
Contact Transmission
▪ Physical Transmission, e.g. Mpox via skin leasons
▪ Fomite transmission (via object) - e.g. hospital acquired bacterial 

infections
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29Infectious Disease Epidemiology
Contact Transmission
▪ Physical Transmission
▪ Fomite transmission (via object)

Source: Leung et al, 2021
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30Infectious Disease Epidemiology
Vector-borne Transmission
▪Mostly through mosquitoes, ticks, and fleas.
▪Malaria, Dengue, Zika, Chikungunya, West nile; Lyme disease; 

bubonic plague
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31Infectious Disease Epidemiology
Vector-borne Transmission

Aedes aegypti (Yellow fever mosquito)
Source: Kraemer et al, 2015
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32Infectious Disease Epidemiology
Vector-borne Transmission

Aedes albopictus (Asian tiger mosquito)
Source: Kraemer et al, 2015
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33Infectious Disease Epidemiology
Vector-borne Transmission
▪Malaria: caused by different species of the genus Plasmodium 

(unicellular eukaryotes) - transmitted through mosquitoes
▪ Caused an estimated 627,000 deaths out of 241 million cases in 

2020



Di
gi

ta
l E

pi
de

m
io

lo
gy

 L
ab

    
 B

IO
-5

21
    

  S
pr

ing
 se

m
es

te
r 2

02
5

34Infectious Disease Epidemiology
Body fluid transmission
▪ Sexually transmitted diseases, e.g. HIV/AIDS, Hepatitis B
▪ Epstein-Barr virus (mononucleosis) transmissible through saliva, 

but HIV is not
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35Infectious Disease Epidemiology
Food borne transmission
▪ Salmonella, Norovirus, E.Coli - but rather part of complex 

transmission chains
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36Infectious Disease Epidemiology
Vertical vs horizontal transmission

congenital  
infection
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37Infectious Disease Epidemiology
Contagion

Source: Antia et al. 2003
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38Infectious Disease Epidemiology
Contagion

Source: Antia et al. 2003

▪ Reproductive number R: number of “offspring infections” per 
infection (on average) 

▪ R0 at t = 0
▪ Re at t > 0

▪ Re = R0 * fraction of susceptible



Di
gi

ta
l E

pi
de

m
io

lo
gy

 L
ab

    
 B

IO
-5

21
    

  S
pr

ing
 se

m
es

te
r 2

02
5

39Infectious Disease Epidemiology
Contagion
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40Infectious Disease Epidemiology
Superspreading
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41Infectious Disease Epidemiology
Superspreading

Source: Lloyd-Smith et al. 2005
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42Infectious Disease Epidemiology
Course of Infection
▪ Immune system: innate & adaptive 

▪ Pathogen enters body - is there any response? The earlier and 
the more specific, the better (that is why first encounters are the 
most dangerous)
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43Infectious Disease Epidemiology
Course of Infection
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44Infectious Disease Epidemiology
Heterogeneties 
▪ Heterogeneities in contact, age, and space are three major 

contributors to outcomes - but there are many other important 
heterogeneities
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48Infectious Disease Epidemiology
Heterogeneties 
▪ Spatial population distribution highly non-random / non-even
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49Infectious Disease Epidemiology
Vaccination 
▪ Variolation: inoculation with smallpox from another patient in hope 

of a milder disease course (mortality ~ 2%), compared to natural 
infection (mortality ~30%).
▪ Vaccination (from vacca, cow): Edward Jenner (18th century) 

observed that people infected with milder cowpox rarely got 
smallpox.
▪ Effect of vaccines depends on immune response they can induce
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50Infectious Disease Epidemiology
Vaccination 
▪Whole pathogen vaccines (with attenuated or killed pathogen), 

e.g. MMR vaccine
▪ Subunit / acellular vaccines (parts of pathogen), e.g. acellular 

Pertussis vaccine
▪ Nucleic acid vaccines (e.g. mRNA vaccines)
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51Infectious Disease Epidemiology
Vaccination 
▪ Vaccines are rarely perfect, must be continuously evaluated.
▪ Vaccine efficacy: how well does a vaccine perform in a trial?
▪ Vaccine effectiveness: how well does a vaccine perform in the real 

world?  

▪ Vaccines can: block infection AND/OR reduce transmission AND/
OR reduce severity
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52Infectious Disease Epidemiology
Herd Immunity 
▪ Infection protection conferred by others who are vaccinated - 

assumes vaccine is infection blocking (or at least transmission 
reducing).
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53Infectious Disease Epidemiology
Herd Immunity 
▪ Herd immunity threshold - fraction of population that needs to be 

vaccinated in order to bring R < 1.
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54Infectious Disease Epidemiology
Herd Immunity 
▪ Herd immunity threshold - fraction of population that needs to be 

vaccinated in order to bring R < 1.
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55Infectious Disease Epidemiology
Herd Immunity 
▪ Even with substantial herd immunity, you can have some 

outbreaks. Somewhat counter intuition, many in those outbreaks 
may be vaccinated.
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57Infectious Disease Epidemiology
Control
▪ pharmaceutical and non-pharmaceutical interventions (NPIs)
▪ pre-exposure and post-exposure
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58Infectious Disease Epidemiology
Control
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59Infectious Disease Epidemiology
Control
▪ Border closure and control
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60Infectious Disease Epidemiology
Control
▪ Border closure and control
▪ Social and physical distancing
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61Infectious Disease Epidemiology
Control
▪ Border closure and control
▪ Social and physical distancing
▪ Closures (events, schools, restaurants, etc.)
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62Infectious Disease Epidemiology
Control
▪ Border closure and control
▪ Social and physical distancing
▪ Closures (events, schools, restaurants, etc.)
▪ TTIQ: Test, contact trace, isolate or quarantine
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63Infectious Disease Epidemiology
Control
▪ Border closure and control
▪ Social and physical distancing
▪ Closures (events, schools, restaurants, etc.)
▪ TTIQ: Test, contact trace, isolate or quarantine
▪Masks
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64Infectious Disease Epidemiology
Control
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65Infectious Disease Epidemiology
Control
▪ Border closure and control
▪ Social and physical distancing
▪ Closures (events, schools, restaurants, etc.)
▪ TTIQ: Test, contact trace, isolate or quarantine
▪Masks
▪ Clean indoor air



Di
gi

ta
l E

pi
de

m
io

lo
gy

 L
ab

    
 B

IO
-5

21
    

  S
pr

ing
 se

m
es

te
r 2

02
5

66Infectious Disease Epidemiology
Control
▪ Border closure and control
▪ Social and physical distancing
▪ Closures (events, schools, restaurants, etc.)
▪ TTIQ: Test, contact trace, isolate or quarantine
▪Masks
▪ Clean indoor air
▪ Disinfection


