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Week 4: CENTRAL QUESTION

How do you detect a catastrophe before it 
becomes one…and convince others to act 
on it…equitably?
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● The fastest signal is not always the truest one.
● A dashboard can detect a paern; only people and institutions can turn it into care.
● Detection is never neutral: every system decides what counts as a signal, whose data count, 

and whose absence is ignored.



Ebola: Engineering Trust

Week 4: CONTEXT LECTURE

Lecturer: Prof. Annie Hartley
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Week 4: Ebola: Engineering Trust

Outline
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The outbreak before the outbreak

How surveillance sees: cases, signals, and rumours

Ebola: a map, a contact list, and a genome 

Measuring spread under uncertainty

AI as early warning: promise, bias, and accountability 
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CONTEXT
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CONTEXT
History of Ebola

Ebola discovery

A nun falls ill near the Ebola river in Zaire (DRC) 
with an unexplained illness

Her blood sample is sent to  Antwerp 
in a blue thermos flask

1976: Patient zero? Testing begins…
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CONTEXT
History of Ebola

Ebola discovery

Threadlike: “filovirus” 

Everything is negative Electron microscopy but…Antigenic testing for Marberg = negative

● Lassa fever
● Yellow fever
● Malaria
● Marburg??

Antigenically distinct…
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CONTEXT
History of Ebola

Ebola discovery
Search for patients Transmission history Patient characteristics
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CONTEXT
Transmission of Ebola

8
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CONTEXT
Terminology

Transmission of Ebola

Zoonosis
An infection that 

moves from 
animals into 

people. 

Spillover
The moment a 

pathogen crosses 
from its usual 

animal host into a 
new host 

population

Fomite
An inanimate 

object that can 
transmit infection: 

e.g. a doorknobs, 
bedsheet, surgical 

instrument,etc.

Vector
A living 

transmier that 
does NOT get 
ill—usually an 

arthropod. 
e.g. Mosquitoes: 

malaria, dengue, and 
yellow fever. 
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Reservoir
Maintains the 

infection in nature 
over time

9

Unknown 
for Ebola

Intermediate 
hosts

An aected 
transmier (is 

infected and may 
die)
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CONTEXT
Terminology

● Ebola has killed thousands of wild gorillas. 
● Outbreaks beginning in 2002 and 2003 killed an estimated 5,000 gorillas in and 

around Lossi Sanctuary in the Republic of the Congo.

Bermejo et al. (2006). “Ebola Outbreak Killed 5000 Gorillas.” Science, 314, 1564. doi:10.1126/science.1133105.
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10

An aected 
transmier (is 

infected and may 
die)

Intermediate 
hosts

An aected 
transmier (is 

infected and may 
die)

Transmission of Ebola



CONTEXT
Terminology

Transmission of Ebola

Fomite
An inanimate 

object that can 
transmit infection: 

e.g. a doorknobs, 
bedsheet, surgical 

instrument,etc.
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The burial boys of Ebola https://www.youtube.com/watch?v=_3o7EJcN4Rk 

An Ebola Burial in DRC: https://www.nytimes.com/2026/07/01/world/africa/ebola-congo-burials.html 

https://www.youtube.com/watch?v=_3o7EJcN4Rk
https://www.nytimes.com/2026/07/01/world/africa/ebola-congo-burials.html


Terminology

Typhoid mary 

Carrier

A reservoir in a Human 
population

Terminology

● Chronic carrier of Salmonella Typhi. 

● 1907: New York authorities confine her 
on North Brother Island

● 1910: Released on condition that she not 
cook
→Changes her name and works as  a 
cook at Sloane Maternity Hospital

→Outbreak follows

● 1915: Reconfined on an island
→until her death in 1938
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Transmission
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Ebola carriers?



Transmission
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Ebola carriers?



Transmission
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Ebola carriers?
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CONTEXT
The disease

Ebola Virus disease (EVD)

EV
D 

-

EVD +

Sacrificing 
specificity to 

prioritize 
sensitivity



The disease
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Pathophysiology

Cytokine storm

An excessive 
dysregulated surge of 

inflammation
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CONTEXT
The outbreak

Syndromic surveillance

Outside of the outbreak 
(community surveillance) 

Alert if there is ANY one of the following

1. Fever that does not respond to treatment for 
the usual local causes of fever.

2. Bleeding, including bloody diarrhoea or blood 
in the urine.

3. Any sudden death

During the outbreak
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CONTEXT
The outbreak

Syndromic surveillance
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CONTEXT
The outbreak

And now in DRC…?
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CONTEXT
The outbreak

Triage: an example from Sierra leone
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CONTEXT
The outbreak

Triage: an example from Sierra leone
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CONTEXT
The outbreak

Triage
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CONTEXT
The outbreak

Triage
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CONTEXT
The outbreak

Triage
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CONTEXT
The outbreak

Triage
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CONTEXT
The outbreak

Triage
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CONTEXT
The outbreak

discovery story  

The result
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CONTEXT
The outbreak

Simple solution
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CONTEXT
The outbreak

Prioritization
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CONTEXT
The outbreak

Prioritization
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CONTEXT
The outbreak

Prioritization
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CONTEXT
The outbreak

Prioritization
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CONTEXT
The outbreak

Prioritization

Ah so…coming to the Ebola Treatment facility is associated with death??
I think I’ll stay at home then…
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CONTEXT
The outbreak

Prioritization
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CONTEXT
The outbreak

Prioritization
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CONTEXT
Ebola discovery

Must read



Listening to the World: 
Epidemic Intelligence at Scale

Week 4: ENGINEERING LECTURE

Lecturer: Fabrice Nemo
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Week 4: Listening to the World: Epidemic Intelligence at Scale

Outline
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ENGINEERING

Hook: The monitoring of the 2026 Ebola Epidemic

Epidemic Intelligence is a Pipeline

Gather Data

Analyze Data

01

02

04

Engineering Failure: Google Flu Trends

03

05
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Hook:
The monitoring of the
2026 Ebola Epidemic

ENGINEERING

First case

Jan 26/Feb 26?

Weak signals

Apr 26/May 26



41

Hook:
The monitoring of the
2026 Ebola Epidemic

ENGINEERING

First case

Jan 26/Feb 26?

Weak signals

Apr 26/May 26

What data could have moved earlier
than laboratory certainty?



Week 4: ENGINEERING FAILURE
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What can we do, as Data Scientists,
about it?
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Epidemic Intelligence is a Pipeline

Analyze dataGather data and 
make it usable

- Local reports
- Group by time and place

-> hard to do!
such data can be sparse, comes from 
areas in conflict

- Guess expected paern
- Adjust (delay, noise)
- Detect deviations in data

-> make useful aggregates

- Make data understandable 
by decision makers

-> make informed decisions

Take action

ENGINEERING



Infection Symptoms Care
Seeking

Formal
Detection Reporting

Gather Data
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You don’t see the epidemic,
just biased signals

ENGINEERING

Not willing or able 
to seek care
-> Selection bias

Asymptomatic
-> Clinical visibility

No formal flu test
-> Measurement bias

Admin overhead
-> Reporting delay
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Define the observations

Press article: “5 flu-related deaths in the 
retirement home Domaine de la Gracieuse”

Web searches: 100 Google searches for flu-like 
symptoms

Measurements: 10,000 influenza RNA copies 
measured in wastewater

Emergency Calls: 20 calls mentioning flu-like 
symptoms

Event Time Report Time Location Flu specificity

January 15 January 17
Domaine de la 

Gracieuse, 
Lonay VD

High

January 16 January 17 Lausanne 
Greater Area Weak

January 14 January 21 Sewers of 
Ecublens VD High

January 14 January 18 Vaud Middle

…

ENGINEERINGGather Data



Another proxy: physician visits

Analyze Data
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Define the observations

ENGINEERING

© SrGrafo (2021), via Reddit - excluded from CC BY 4.0
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https://www.idd.bag.admin.ch/en/diseases/influenza/statistic

ENGINEERING

https://www.idd.bag.admin.ch/en/diseases/influenza/statistic
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https://www.idd.bag.admin.ch/en/diseases/influenza/statistic

ENGINEERING

https://www.idd.bag.admin.ch/en/diseases/influenza/statistic
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https://www.idd.bag.admin.ch/en/diseases/influenza/statistic

ENGINEERING

https://www.idd.bag.admin.ch/en/diseases/influenza/statistic


Analyze Data

50

What did we expect?

ENGINEERING

Action may be needed when we deviate from the baseline

-> What is the baseline?



Analyze Data
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What did we expect?

ENGINEERING

Action may be needed when we deviate from the baseline

-> What is the baseline?

Baseline -> expected behavior (if nothing unusual is happening)
Deviation = Observation - Baseline

-> Need to detect whether we deviate from the baseline and by how much
-> Investigate, if the deviation is suiciently large



Analyze Data
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A First Detector

ENGINEERING

# visits is a Pandas Series object, visits[t]: number of visits on week 
t 

window = 4
past = visits.shift(1) # exclude the current week

expected = past.rolling(window).mean()
scale    = past.rolling(window).std()

# compute the z_score for all weeks
z_score = (visits - expected) / scale
alert = z_score > 2
# btw, why 4 and 2?



1. First case
Average over the past month of 700 visits/week, std at 200, current week at 1101

-> z_score = 2.005 > 2
2. Second case
Average over the past month of 700 visits/week, std at 200, current week at 800

-> z_score = 0.5 < 2
3. Third case
Average over the past month of 700 visits/week, std at 200, current week at 1300

-> z_score = 3 > 2

Analyze Data
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When to give the alert?

ENGINEERING



1. First case
Average over the past month of 700 visits/week, std at 200, current week at 1101

-> z_score = 2.005 > 2
2. Second case
Average over the past month of 700 visits/week, std at 200, current week at 800

-> z_score = 0.5 < 2
3. Third case
Average over the past month of 700 visits/week, std at 200, current week at 1300

-> z_score = 3 > 2

Analyze Data
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When to give the alert?

ENGINEERING

Meme generated with Imgflip; underlying image rights belong to their respective 
owner(s)



1. EWMA
-> Detect gradual increases, care more about recent data than ancient data

2. CUSUM
-> Accumulate persistent positive standardized deviations, small deviations add up

Analyze Data
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Beyond Z-score

ENGINEERING



EWMA (here α = 0.3)
-> Smooths standardized deviations

CUSUM (here k = 0.5)
-> Accumulates evidence above an allowance k

Analyze Data
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Interpreting EWMA and CUSUM

ENGINEERING



-> Unavoidable report delays
-> Data about the present is missing

-> Was the available data on
      January 20 complete?

Analyze Data
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The Present is Incomplete

ENGINEERING

Event Time Report Time Location Flu specificity

January 15 January 17
Domaine de la 

Gracieuse, 
Lonay VD

High

January 16 January 17 Lausanne 
Greater Area Weak

January 14 January 21 Sewers of 
Ecublens VD High

January 14 January 18 Vaud Middle to high



-> Use NLP techniques for spoing 
relevant qualitative information

-> Filter, detect, interpret

Analyze Data
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Text as a signal

ENGINEERING

"Several schools in Lausanne report unusually 
high absenteeism due to fever and cough."

January 19

"Vaud pharmacy chains report a sudden increase 
in sales of cough medicine."

January 16

"Emergency departments have longer waiting 
times for patients with respiratory symptoms."

January 17

"damn everyone in Vortex has the flu this week"
Tweet on January 18



-> Keyword rules
-> Embeddings + classifier
-> Zero-shot LLM classification

Analyze Data
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Text as a signal - Relevance Classification 
Techniques

ENGINEERING

"Several schools in Lausanne report unusually 
high absenteeism due to fever and cough."

January 19

"Vaud pharmacy chains report a sudden increase 
in sales of cough medicine."

January 16

"Emergency departments have longer waiting 
times for patients with respiratory symptoms."

January 17

"damn everyone in Vortex has the flu this week"
Tweet on January 18



-> Keyword rules
-> Embeddings + classifier
-> Zero-shot LLM classification

Analyze Data
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Text as a signal - Relevance Classification 
Techniques

ENGINEERING

"Several schools in Lausanne report unusually 
high absenteeism due to fever and cough."

January 19

"Upcoming referendum on civil service in 
Switzerland."

January 16

"Emergency departments have longer waiting 
times for patients with respiratory symptoms."

January 17

"Davos is preparing for the WEF."
January 16

TRAINED 
CLASSIFIER

YES

NO

YES

NO



-> Keyword rules
-> Embeddings + classifier
-> Zero-shot LLM classification

Analyze Data
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Text as a signal - Relevance Classification 
Techniques

ENGINEERING

"Several schools in Lausanne report unusually 
high absenteeism due to fever and cough."

January 19

"Upcoming referendum on civil service in 
Switzerland."

January 16

"Emergency departments have longer waiting 
times for patients with respiratory symptoms."

January 17

"Davos is preparing for the WEF."
January 16

LLM + 
Prompt

YES

NO

YES

NO



-> Named Entity Recognition on each 
sample can yield relevant information

Location
Time
Symptoms / Disease

Analyze Data
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Text as a signal - NER

ENGINEERING

"Several schools in Lausanne report unusually 
high absenteeism due to fever and cough."

January 19

"Vaud pharmacy chains report a sudden increase 
in sales of cough medicine."

January 16

"Emergency departments have longer waiting 
times for patients with respiratory symptoms."

January 17

"damn everyone in Vortex has the flu this week"
Tweet on January 18



-> Named Entity Recognition on each 
sample can yield relevant information

Location
Time
Symptoms / Disease

+ others…

Analyze Data
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Text as a signal - NER

ENGINEERING

"Several schools in Lausanne report unusually 
high absenteeism due to fever and cough."

January 19

"Vaud pharmacy chains report a sudden 
increase in sales of cough medicine."

January 16

"Emergency departments have longer waiting 
times for patients with respiratory symptoms."

January 17

"damn everyone in Vortex has the flu this week"
Tweet on January 18



Don’t forget to check the source, some 
are more reliable than others

Treat source quality as metadata

Analyze Data
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Text as a signal - Source Quality Varies

ENGINEERING

"Several schools in Lausanne report unusually 
high absenteeism due to fever and cough."

Lausanne news January 19

"Vaud pharmacy chains report a sudden increase 
in sales of cough medicine."
Regional news January 16

"Emergency departments have longer waiting 
times for patients with respiratory symptoms."

Swiss news January 17

"damn everyone in Vortex has the flu this week"
Tweet on January 18



Analyze Data
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Corroboration before alarm

ENGINEERING

Source: Wiktionary, “corroboration”, CC BY-SA 4.0.



Analyze Data
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Corroboration before alarm

ENGINEERING

Illustration made with ChatGPT



Week 4: ENGINEERING FAILURE

Google Flu Trends
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ENGINEERING



Engineering Failure
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ENGINEERING

Google Flu Trends

Source: Wikipedia, “Google Flu Trends”, CC BY-SA 4.0.



Engineering Failure
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Google Flu Trends

Gather easy-to-access data that is arguably correlated with flu outbreaks

-> Google queries related to flu symptoms
-> Metadata (time, location)

-> Make trends for geographic regions over time

Wikipedia - Google Flu Trends 

ENGINEERING

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


Engineering Failure
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Google Flu Trends

Gather easy-to-access data that is arguably correlated with flu outbreaks

-> Google queries related to flu symptoms
-> Metadata (time, location)

-> Make trends for geographic regions over time

Wikipedia link: hps://en.wikipedia.org/wiki/Google_Flu_Trends 

ENGINEERING

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


Engineering Failure
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Google Flu Trends: What went wrong

ENGINEERING



Engineering Failure
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Google Flu Trends: What went wrong

ENGINEERING

“Surprised Pikachu” meme - frame from Pokémon; via Meming Wiki.



Engineering Failure
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Google Flu Trends: What went wrong

-> Searching for symptoms ≠ being sick

-> Media aention can change search behavior

-> Search behavior naturally changed over time

-> Similar symptoms for other conditions

-> Fear of flu leads people to search about it

-> It’s a proxy, it can be useful but be critical about its output

ENGINEERING



Questions?
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ENGINEERING



Thank You
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Building intelligent Global Health and 
Humanitarian Response Technologies

Except where otherwise indicated, original content in 
this presentation is © 2026 Hartley, Keitel, Klein, Sasu, 
Suels, Arni, Kesmen, Nemo and licensed under CC BY 
4.0: hps://creativecommons.org/licenses/by/4.0/. 

Third-party materials are excluded from this license and 
remain subject to their indicated rights.
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