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Epidemiology
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▪Marcel Salathé  
 
 
 

▪ I’m a professor in SV with a joint appointment in IC.
▪ I run a group called digital epidemiology lab, based at Campus 

Biotech.
▪ I’m trained as a biologist, with a PhD in evolutionary biology.

2Introduction
Welcome!
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▪ This is a class about digital epidemiology.
▪ You are the third cohort to go through this class. 
▪ For the second time, the class will be lectures + project. 
▪ Future generations of EPFL students will be grateful for your 

feedback. #PayItForward
▪ Today, we will first go through some organizational details of the 

class.

3Introduction
About This Class



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

▪ Lecture Phase + Project Phase
▪ Lecture phase ~ in the middle of the semester
▪ Project phased begins right after

▪Mid-term (and only) exam: 1. April 2024 (no joke)

4Introduction
Class Structure
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▪ 9 lectures - these correspond to 10 chapters in the book.
▪ Book: www.digitalepibook.com
▪ Slides will be made available on Moodle before the lecture.
▪ ~2 chapters / week

5Introduction
Lecture Phase

http://www.digitalepibook.com
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6Introduction
Lecture Phase
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▪ No exercise sessions - if you need help, ask us
▪ In this class, you are strongly encourage to use LLMs.
▪ Exercise due date: Sunday night of week after exercise has been 

handed out.
▪ Exercises will not be graded for correctness, but for reasonable 

submission. 1% of grade per exercise, except 2% for first 
exercise.

7Introduction
Exercises
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▪Goal: hands-on experience with building a digital epidemiology 
prototype
▪ Find your project in an ideation session (10. April)
▪ Pitch it to class on 15. April
▪Work in groups of 3
▪ 2 graded assessments (6. May, 15. May)
▪ 1 progress report to class
▪ Demo Day - Presentation (27. May) 🥳

8Introduction
Project Phase
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Project Phase
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▪Mid-term exam 45% of grade. 
▪ Exam material is everything discussed in class, and 

everything in the book.
▪ You can take one sheet of A4 paper (hand written notes only) with 

you to the exam. 

10Introduction
Midterm Exam
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▪ Exercises: 10%
▪Mid-term exam: 45%
▪ Project: 5% + 10% + 10% (demo) + 20% (report) = 45%

▪ You will always know where you stand, no surprises / gotchas

11Introduction
Final grade
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▪ TAs: Rohan Singh                         Marouane Toumi  
 
 
 
 

▪ There is no office hour - if you have questions, we are always 
available to meet with you (contact us via Moodle).
▪ All communication MUST GO through Moodle (unless agreed 

otherwise)

12Introduction
Help & Communication
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▪ 1/3 Basic concepts in epidemiology
▪ 1/3 Infectious disease dynamics, computational approaches
▪ 1/3 Digital approaches to epidemiology
▪ Discussion about ethical issues

13Introduction
Lecture Structure
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▪ This class mixes a lot fields and approaches. Life sciences, CS, 
math, reading, programming, quantitive and qualitative reasoning 
- we’ll be all over the map. Welcome to novel approaches in a 
multidisciplinary world.
▪ This is a breadth-first class. You will learn many things from many 

different fields, and you’ll likely find it useful in unexpected ways.
▪ This is not a class about COVID-19, but you’ll hear it often.

14Introduction
General Remarks
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RESPECT
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16Introduction
RESPECT
▪ Limit use of laptops and phones in class (ideally zero).
▪We will do our best to help you succeed. If you find anything 

suboptimal to your learning process, please let us know.
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17Epidemiology
Lethality
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▪ Understand what epidemiology is about
▪ Understand surveillance, and different types of it
▪ Understand the concepts of incidence and prevalence
▪ Understand how a case is defined
▪ Understand measures of morbidity
▪ Understand measures of mortality

18Epidemiology
Learning Goals
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▪ Epidemiology (epi + demos + logos)
▪ The study of the distribution and determinants of health and 

disease in the population. 
▪Who is sick (what) or healthy, when, where, and why

19Epidemiology
What is epidemiology?
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▪ Epidemiology is about groups, not individuals
▪ Always ask: what group are we talking about?

20Epidemiology
Who?
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▪ How to study large groups: take a representative sample
▪ Descriptive statistics: helps us to describe the sample.
▪ Inferential statistics: helps us to make inferences about the larger 

group from the sample.
▪ Careful about biases

21Epidemiology
Who?
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▪Morbidity
▪Mortality
▪Why this distinction?  

1. Death was ubiquitous already early in life

22Epidemiology
What?
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▪Morbidity
▪Mortality
▪Why this distinction?  

1. Death was ubiquitous already early in life

23Epidemiology
What?
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24

▪ Salvador Dalí: older brother (also Salvador), died of gastroenteritis 
before his second birthday. Dalí, who was born nine months later 
and given the same first name, believed for the rest of his life to 
be his dead brother's reincarnation.
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25

▪ Pablo Picasso: lost sister to diphtheria when she was barely 
seven years old. Pleaded with God to save her in exchange for his 
sacrifice to give up painting, and he was convinced that her death 
was a sign that God wanted him to be a painter. 
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26

▪ Edvard Munch’s older 
sister died at age fifteen of 
tuberculosis, the same 
disease that killed his 
mother when he was just a 
five year old boy. Munch 
processed this tragic event 
in several paintings 
throughout his career.
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▪Morbidity
▪Mortality
▪Why this distinction?  

1. Death was ubiquitous already early in life  
2. Death is universally understood (as opposed to disease and 
disease severity, which can have different definitions) 
3. Death is final 

27Epidemiology
What?
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▪When during life - childhood diseases and late-life diseases have 
different impacts
▪When in the calendar - understanding timing of disease is critical 

to understand disease dynamics. E.g. many people getting sick at 
once, or a rapid growth of cases, has important implications.

28Epidemiology
When?
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▪ Epidemiology often finds associations (correlations) - but this are 
not the same as causation.
▪ Association can already be enough for action, or a call for more 

studies - but understanding causes is ideal, as it maximizes our 
ability to control an outcome.

29Epidemiology
Why?
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30Epidemiology
Why?

Source: XKCD
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▪ Cholera outbreak in Soho district London, 1854
▪ John Snow: Hypothesized that cholera was caused by agents in 

polluted water (not miasma)
▪ Cholera was a massive problem at the time - a 1849 outbreak 

killed 14,137 residents in London.

31Epidemiology
Where?
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▪ Public health surveillance - many different definitions of what 
counts as surveillance.
▪WHO: “the continuous, systematic collection, analysis and 

interpretation of health-related data”

33Epidemiology
Surveillance 



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

▪ Passive vs active surveillance

34Epidemiology
Surveillance 
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▪ Passive vs active surveillance

35Epidemiology
Surveillance 
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▪ Passive vs active surveillance

36Epidemiology
Surveillance 
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▪ Passive vs active surveillance

37Epidemiology
Surveillance 
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▪ Population-based vs sentinel surveillance

38Epidemiology
Surveillance 
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▪ Influenza:  
1-5% of physicians 
voluntarily reporting

39Epidemiology
Surveillance 
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▪ Case-based vs aggregate surveillance  
 
often a question of resources

40Epidemiology
Surveillance 
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▪ Syndromic vs laboratory surveillance  
 
Digital public health surveillance always syndromic, but may 
change soon.

41Epidemiology
Surveillance 
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▪ Event-based vs indicator-based surveillance  
 
Most of digital public health surveillance is event-based

42Epidemiology
Surveillance 
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43Epidemiology
Lethality
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▪ Incidence: number of new cases during a specified period of time.
▪ Prevalence: number of cases present during a specified period of 

time.

44Epidemiology
Incidence and Prevalence 
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▪ Incidence: number of new cases during a specified period of time.
▪ Prevalence: number of cases present during a specified period of 

time. 

▪ Attack rate: incidence / population at risk (also called incidence 
rate)

45Epidemiology
Incidence and Prevalence 
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▪ Incidence: a measure of risk
▪ Prevalence: a measure of “diseases pressure / burden” in the 

system

46Epidemiology
Incidence and Prevalence 
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▪ Case study: A public health improvement leads to an increase in 
prevalence. How is this possible?  
 
Assume:  
1. Incidence of 1000 new cases per time step  
2. Disease incurable  
3. Disease 100% lethal after 10 time steps

47Epidemiology
Incidence and Prevalence 
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48Epidemiology
Incidence and Prevalence 
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49Epidemiology
Incidence and Prevalence 
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New therapy!
Lethality now 0%
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50Epidemiology
HIV Incidence
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51Epidemiology
HIV Prevalence
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52

Source: Goalkeepers Report 2022, Gates Foundation 



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

53Epidemiology
HIV Incidence

Source: Wang et al. 2016
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54Epidemiology
HIV Incidence

Source: Wang et al. 2016
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55Epidemiology
HIV Incidence and Prevalence 
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▪ Point prevalence vs period prevalence
▪ Seroprevalence 

56Epidemiology
Prevalence 
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57Epidemiology
Incidence and Prevalence 
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58Epidemiology
Seroprevalence
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59Epidemiology
Seroprevalence
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60Epidemiology
Case Definition
▪ A set of criteria that defines a case for a given health condition.
▪ Can vary over time, and over different places
▪Often divided in suspected, probable, and confirmed cases
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61Epidemiology
Case Definition
▪ A set of criteria that defines a case for a given health condition.
▪ Can vary over time, and over different places
▪Often divided in suspected, probable, and confirmed cases
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62Epidemiology
Case Definition
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63Epidemiology
Case Definition
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64Epidemiology
Case Definition
▪ Case definitions can change over time, especially during the early 

phases of newly emerging diseases.

Source: Tsang et al. 2020
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65Epidemiology

▪ Case definitions can change over time, especially during the early 
phases of newly emerging diseases.

Source: Tsang et al. 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

66Epidemiology
Lethality
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67Epidemiology
Morbidity
▪ Disease = reduction in health due to a biological factor (contrast 

with accidents / non-intentional injury)
▪ Factor can be external, i.e. pathogen -> infectious disease
▪ Factor can be internal, i.e cancer -> non-communicable disease 

(NCD)
▪ (Note that 10-15% of humans cancers are currently known to be 

caused by viruses)
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68Epidemiology
Disease Severity
▪Many diseases have a range, from fully asymptotic to deadly.
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69Epidemiology
Disease Severity
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70Epidemiology
Disease Severity
▪ Even when severe disease is relatively rare, in absolute numbers, 

they can overwhelm a healthcare system.
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71Epidemiology
Disease Severity
▪ Frequencies of different severities hard to measure - cases visible 

to healthcare system most likely more severe than average.

Source:  
Buitrago-Garcia et al. 2022
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72Epidemiology
Disease Severity
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73Epidemiology
Disease Severity
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74Epidemiology
Disease Severity
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75Epidemiology
Disease Severity
▪ How to quantify impact? We want to compare disease, and make 

comparison over time and space. 

▪ DALY = YLD + YLL
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76Epidemiology
Disease Severity
▪ How to quantify impact? We want to compare disease, and make 

comparison over time and space. 

▪ DALY = YLL + YLD

Source: Wikipedia
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77Epidemiology
Disease Severity

Source: GBD 2019
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78Epidemiology
Morbidity
▪ Comorbidities = presence of more than one health condition 
▪ US: >27% of US adults have chronic comorbidities
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79Epidemiology
Mortality
▪ How deadly is a disease?  

▪ How deadly is it in a population -> mortality
▪ How deadly is it for an individual -> lethality
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80Epidemiology
Mortality
▪Mortality rate: people dying of disease /  population of interest, in 

a specified period of time
▪ US Data 2021 

(population size 
331.9 million)

https://www.cdc.gov/nchs/fastats/deaths.htm
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▪ Swiss Data 2019 (population size 8.575 million)

81Epidemiology
Mortality

https://www.bfs.admin.ch/bfs/en/home/statistics/health/state-health/diseases/cancer.html
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82Epidemiology
Lethality
▪ How deadly is the disease once you have it? For chronic 

diseases, often expressed in survival rates per time period.
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83Epidemiology
Lethality
▪ How deadly is the disease once you have it? For chronic 

diseases, often expressed in survival rates per time period.
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84Epidemiology
Lethality
▪ How deadly is the disease once you have it? For acute diseases, 

expressed in case fatality rate (CFR).
▪ CFR = number of deaths due to disease / cases
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85Epidemiology
Lethality
▪ IFR = number of deaths due to disease / infections
▪ Since infections often unknown, we need to estimate it from cases
▪ In early phase of outbreak, we haven’t seen all deaths yet 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86Epidemiology
Lethality
▪ IFR of COVID: now known to be 0.5% and 1% (pre-vaccine)
▪ IFR of influenza: 0.03% - 0.1%  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87Epidemiology
Lethality
▪Malaria: CFR: 0.3%
▪ Untreated HIV: CFR 99+%
▪ Huge range of lethalities: from almost non-lethal (certain 

childhood diseases, CFR < 0.001%), to fully lethal (rabies after 
onset of symptoms, CFR 100%)
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88Epidemiology
Lethality


