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■ Epidemiology and Disease Modeling

■ Contact Tracing

■ Epidemiological Surveillance and Situational Reports

■ Variant Surveillance
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■ Epidemiology := Study of risk factors, occurrences, distributions, causes and 
consequences of diseases in a defined population

■ Makes use of statistical methods / models to describe spread of diseases and identify 
cause-effect relationships

Epidemiology
Definitions You Should Know
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■ (Period, Point) Prevalence: Pr = !!"#$%#$!
!&'&

 à [0,1]

□ Ratio of all cases and the complete population for a given timespan or at a given 
point while event of interest have happened before

■ Risk, Cumulative Incidence, Incidence Proportion: IPΔt =
!!"#$%#$!	"#$%!&	Δt

!)"#*	()	)+
 à [0,1]

□ “Probability to catch the disease”

□ Ratio of new cases during a given timespan Δt	and persons at risk at t0 (excl. 
infected person at t0).

■ Incidence Rate: IR = !!"#$%#$!"#$%!&	Δt
∑ )	+	!$%,-

 à [0, ♾[ (per normalized pop) per timespan

□ Ratio of new cases during a given timespan Δt	and person years at risk during the 
same period of time, i.e. total amount of time (in years) each person of the 
population is at risk of the disease during the period of interest

Prevalence and Incidence
For a specific medical condition in a given population…
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Prevalence and Incidence
Summary
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PPrreevvaalleennccee IInncciiddeennccee  
PPrrooppoorrttiioonn

IInncciiddeennccee
RRaattee

Numerator #all cases 
(new and pre-
existing)

#new cases #new cases

Denominator Population at 
point in time / 
period of time

#population at 
risk

Total person 
years of 
observation



Prevalence and Incidence
Epidemiologist’s Bathtub

Data Management for 
Digital Health, Winter 
2023

DDaattaa  MMaannaaggeemmeenntt  ffoorr  
EEppiiddeemmiioollooggyy

99

https://www.technologynetworks.com/immunology/articles/incidence-vs-prevalence-329073



■ Scenario: As an epidemiologist, you conducted a survey amongst your fellow 
students. You ask whether people are currently infected with COVID-19. 

■ Period prevalence for 2020-2024: ?

■ Incidence proportion in 2021: ?

■ Incidence proportion in 2022: ?

■ Incidence rate: ?

Example
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■ Scenario: As an epidemiologist, you conducted a survey amongst your fellow 
students. You ask whether people are currently infected with COVID-19. 

■ Period prevalence for 2020-2024: 4 total cases / 5 size of population = 80%

■ Incidence proportion in 2021: 2 new case / 5 people at risk at t0 = 40%

■ Incidence proportion in 2022: 4 new case / 5 people at risk at t0 = 80%

■ Incidence rate: 7 new cases / 16 person years = 437,5 new cases per 1k person years

Example (cont’d)
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■ Susceptible individuals

■ (Exposed individuals)

■ Infected individuals

■ Recovered individuals

■ S(E)IR model : = S à (E à) I à R

■ Carrier individuals

■ Deceased individuals

■ Vaccinated individuals

■ Maternally-derived immunity

■ Further models: SECIR, SEIRD, MSIR, SIRV, etc.

Compartment Models in Epidemiology
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■ Basic reproduction R0 (typically estimated) := Expected number of new cases caused 
by a single case at t0 when all individuals were in compartment S

■ Effective reproduction Rt (observed) := Avg. number of new cases caused by a single 
case at time point t (this is what you find in situational reports)

■ Linking Rt and R0: Let s be the proportion of people in compartment S, who can get 
infected (e.g. no immunity): Rt = R0 * s

■ Herd immunity := Indirect protection against infectious diseases once a specific 
percentage pimmune of the population has become immune so that Rt < 1.

□ Rt < 1 ó R0 * s < 1

□ R0 * (1-pimmune) < 1

□ pimmune > 1-R0
-1

Reproduction number R
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Reproduction number Rt

COVID-19 in Germany Mar 2020 - Dec 2022
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Reproduction number R
Examples
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DDiisseeaassee TTrraannssmmiissssiioonn  wwaayy RR00 HHeerrdd  iimmmmuunniittyy
((1-R0-1))

CChhiicckkeennppooxx,,  
mmuummppss

Aerosol, Respiratory droplets 10-12 90-92%

AAIIDDSS Body fluids 2-5 50-80%

CCOOVVIIDD--1199,,  SSAARRSS Respiratory droplets, aerosols 2-4 50-75%

EEbboollaa
((22001144))

Body fluids 1.8 44%

IInnfflluueennzzaa  ((sseeaassoonnaall  
ssttrraaiinnss))

Respiratory droplets 1.3 23%



Reproduction number R
Impact of pimmune / Vaccinations
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■ Epidemiological surveillance := On-going, systematic collection, 
analysis, evaluation and dissemination of health data for the 
purpose of planning, implementation and evaluation of disease 
control measures (RKI)

■ What could be sources of health data?

■ What could be measures?
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Epidemiological Surveillance and Situational Reports
<< Brainstorming Sessions >>

Photo by Jason Blackeye
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Real-world DataTM

Saving Lives 1854
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https://www.ph.ucla.edu/epi/snow/graphics/
broadblock_original.jpg
https://en.wikipedia.org/wiki/John_Snow

■ Until the 19th century, it was not understood how 
disease transmission works (according to miasma 
theory, “bad air” was made responsible)

■ During 1846-1860 cholera outbreak, physician 
John Snow hypothesized germ-contaminated 
water might be the actual cause of the disease

■ Using a dot map of incidents, he found evidence 
that cholera cases are related to the public water 
pump on Broad Street

■ 1st epidemiological study

■ Germ theory was still rejected, until confirmed by 
more formal experiments (Louis Pasteur)
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■ Florence Nightingale (1820-1910)

■ Served as nursing administrator of British 
Army hospital in Scutari, Turkey during 
Crimean War (1853-1856)

■ Rose / coxcomb / polar-area  diagram 
designed by Florence Nightingale and William 
Farr, 1858

■ Visualizes army deaths by reason

□ Blue: Preventable infectious diseases

□ Red: Wounds

□ Black: Other reasons

Real-world DataTM

Saving Lives 1858
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Diagram from ‘Notes on Matters Affecting the 
Health, Efficiency, and Hospital Administration of 
the British Army’ by Florence Nightingale. Florence 
Nightingale Museum Collection

H. Lenthall, London 



Influenza Pandemic (Spanish flu)
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■ Official organizations 
create daily/weekly 
situational reports

■ Most of the reports 
are static, e.g. HTML, 
Excel, PDF

2022 Situational Reports
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■ Kickstarted in Jan, launched Feb 1, 2020

■ Incorporates in-memory database to enable 
real-time analytics

■ Longitudinal pandemic database with 
220k+ entries for 680+ regions

■ Worldwide open access to latest data

■ Interactive graphical data analysis tool

■ Daily #nCoVStats update on Twitter

■ Link: https://we.analyzegenomes.com/
apps/nCoVStats/

How we have started #nCoVStats
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What is Crucial for Informed Decision Making?
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What is Crucial for Informed Decision Making? (cont’d)

Data Management for 
Digital Health, Winter 
2023

DDaattaa  MMaannaaggeemmeenntt  ffoorr  
EEppiiddeemmiioollooggyy

2266



What is Crucial for Informed Decision Making? (cont’d)
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Access to
 latest 

real-world data!



New Infections (Worldwide) over Time
(Feb 2020-Dec 2022)
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New Infections (Germany) over Time
(Feb 2020-Dec 2022)

Data Management for 
Digital Health, Winter 
2023

DDaattaa  MMaannaaggeemmeenntt  ffoorr  
EEppiiddeemmiioollooggyy

2299

LLoocckkddoowwnn  iinn  GGeerrmmaannyy
MMaarr  –– MMaayy  22002200

LLoocckkddoowwnn  iinn  GGeerrmmaannyy
NNoovv  22002200  –– MMaayy  22002211



New Deceased (Worldwide) over Time
(Feb 2020-Dec 2022)
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New Deceased (Germany) over Time
(Feb 2020-Dec 2022)
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Aggregated Infections (France, Germany, Spain) over Time
(Feb 2020-Dec 2022)
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Aggregated Infections (Sweden) over Time
(Feb 2020-Dec 2022)
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Aggregated Infections (India) over Time
(Feb 2020-Dec 2022)
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■ Primary data source for international reports

■ Real-time updated case numbers

■ Human-readable, but also crawlable

#nCoVStats: Data Sources
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■ Crawler checks regularly data sources for updated numbers

■ Downloads web page and filters numbers

■ Creates CSV for database import

■ Triggers IMDB import of updated case numbers

■ Data quality?

#nCoVStats: Data Ingestion
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■ Jan 6, 2021

#nCoVStats: Defining Analysis Reports
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■ Jan 1, 2023

#nCoVStats: Defining Analysis Reports
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#nCoVStats: Defining Analysis Reports
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Excurse: COVID-19 Wastewater Levels in the U.S. (2024)

Data Management for 
Digital Health, Winter 
2023

DDaattaa  MMaannaaggeemmeenntt  ffoorr  
EEppiiddeemmiioollooggyy

4422



Excurse: COVID-19 Wastewater Levels in Potsdam (2024)
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■ Contact tracing app developed by HPI students together with leading experts.

■ Requirements:

□ Fast training of contact tracers, ease of use

□ Work with commodity Android smartphones

□ Support real-time response in case of reported infection

SORMAS App for Contact Tracing by HPI:
Field Test in Nigeria during Ebola Epidemic 2014/15
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SORMAS App for Contact Tracing by HPI:
Software Architecture and Contact Tracing App
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■ Google/Apple Exposure 
Notification (GAEN) API 
implemented by OS vendors

■ Privacy preserving, 
decentralized contact tracing

■ Builds on near-field 
communication via Bluetooth

■ GAEN implemented by 30+ 
countries apps (in 2022)

Contact Tracing 2020:
GAEN
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Contact Tracing 2020:
GAEN
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Contact Tracing 2020:
GAEN

Data Management for 
Digital Health, Winter 
2023

DDaattaa  MMaannaaggeemmeenntt  ffoorr  
EEppiiddeemmiioollooggyy

5511



■ Freedom to use

■ Exchange of device IDs only

■ No need for registration of personal data

Corona Warn App:
A GAEN Frontend made in Germany

Data Management for 
Digital Health, Winter 
2023

DDaattaa  MMaannaaggeemmeenntt  ffoorr  
EEppiiddeemmiioollooggyy

5522

IDD GmbH: Institut für Datenschutz und Datensicherheit



■ Case report forms:

□ Prepared and sent by Laboratory 
Information System (LIS)

□ Send by fax to health authority :

– Form is printed from LIS and 
hand-made notes are added

– Form is filled by hand

– Full medical report is send

Surveillance organized in EU (2020)

Physicians Labs

Community Health Authority

State Health Authority

Country Health Authority
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■ Coordinated by RKI

■ German Electronic 
Report and Information 
System for Infection 
Control

■ Implemented as service 
of the German gematik

■ Supported by 
Fraunhofer FOKUS

■ Reports are exchange as 
FHIR/HL7 format

Surveillance in Germany (2024)
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■ Genetic changes that are suspected to affect virus characteristics with some 
indication that it may pose a future risk

■ Evidence of phenotypic or epidemiological impact is currently unclear

■ Enhanced monitoring and repeat assessment pending new evidence is required

Virus Variant Surveillance:
Variants under Monitoring (VUM)
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■ Genetic changes that are predicted / known to affect virus characteristics, e.g. 
transmissibility, disease severity, immune, diagnostic or therapeutic escape and

■ Identified to cause significant

□ Community transmission or multiple clusters,

□ Present in multiple countries with increasing relative prevalence alongside 
increasing number of cases over time, or

□ Other apparent epidemiological impacts to suggest an emerging risk to global 
public health

■ Past COVID-19 examples: epsilon, zeta, eta, theta, iota, kappa, lambda, mu

Virus Variant Surveillance:
Variants of Interest (VOI)
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■ Increase in transmissibility or detrimental change in COVID-19 epidemiology, or

■ Increase in virulence or change in clinical disease presentation, or

■ Decrease in effectiveness of public health and social measures or available 
diagnostics, vaccines, therapeutics.

■ COVID-19 examples

□ VOC as of Jan 2023: Omicron (B.1.1.259), VUM (Nov 24), VOC (Nov 26, 2021)

□ Past VOCs: alpha, beta, gamma, delta

Virus Variant Surveillance:
Variants of Concern (VOC)
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SARS-CoV-2 Variants over Time
Germany (Jan 2021– Dec 2022)
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SARS-CoV-2 Variants over Time
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Latest SARS-CoV-2 Subtypes
From XBB to BA.2.86
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■ Epidemiological modeling can help to estimate 
disease spread

■ Epidemiological surveillance is key for management 
of countermeasures to contain infectious diseases

■ Visualization helps to understand numbers and 
might help to discover cause-effect relationships

■ Contact tracing and quarantine help to reduce 
spreading speed and to provide reaction time

What To Take Home?
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