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Content

• What is an outbreak?
• Distribution of EID events
• Zoonoses
• Investigating outbreaks
• Outbreak control strategies 
• The Future

Spernovasilis Microorganisms 2022
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Baker et al. Nature Reviews Microbiology, 2022
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… when the number of cases of a disease
is greater than what is normally expected
for a specific time, place, or population
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Wikipedia
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Global distribution of EID events

• WHO reports 
1996-2023

• 3013 outbreaks
• >100 annually

Qiao Liu, J Glob Health. 2025
https://www.who.int/emergencies/emergency-events
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Impact of EID events

Qiao Liu, J Glob Health. 2025
https://www.who.int/emergencies/emergency-events

2023

1996
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Impact of EID events

Qiao Liu, J Glob Health. 2025
https://www.who.int/emergencies/emergency-events
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Global outbreak landscape 2025 (Oct. 10)

• 102 disease outbreaks with human transmission
• 66 countries:

• sub-Saharan Africa (33 countries)
• Western Hemisphere (15)
• East Asia and the Pacific (7)
• South and Central Asia (6)
• Near East (Middle East and North Africa (5).

• 20 different infectious diseases:
• including avian influenza (H5N1), chikungunya, cholera, Ebola, Marburg, measles, mpox, 

Nipah, Rift Valley fever, yellow fever, and Zika

www.kff.org
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60% of emerging infections are zoonoses

Olival Nature  2017
Dharmarajan Zoonoses 2022

Jones Nature 2008
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Spillover: Ecological contact

Olival Nature 2017
Dharmarajan Zoonoses 2022
Fanelli Sci Adv 2025

Global population at risk of epidemics:
• high or very high - 9.3% 
• medium risk   - 20% 
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Spillover: Phylogenetic distance

Olival Nature 2017
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Spillover: Phylogenetic distance

Olival Nature 2017
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Baker et al. Nature Reviews Microbiology, 2022

Connectivity
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Baker et al. Nature Reviews Microbiology, 2022
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Severe acute respiratory syndrome (2002-2003)

6 months
8,000 cases 
800 deaths
30 countries

Peiris Nat Med 2004 

21

Climate change
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Outbreak investigation - purpose

Identifying and eliminating the source of infection

Lessons for future outbreaks

Evaluate control strategies

Learn about new or reemerging diseases

Teach (and learn) epidemiology

Address public concern about the outbreak

Reingold EID 1998
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Outbreak 
investigation -
Framework
Kermack & McKendrick, Proc Roy Soc A 1927
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Identifying outbreaks
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Identifying an outbreak

https://revistapesquisa.fapesp.br/

Sources: WHO, CDC,  GPEI (Polio), ProMEDmail, 
BEACON, GeoSentinel, etc. etc.
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Data source & bias
• Favourite destinations
• Travel restrictionsTravel volumes

• Pathogen Circulation
• SeasonalityDestination

• Exposure
• Activity
• Immunity/ Protection

Population

• Absenteeism
• Health seeking behaviourSymptomatic 

disease?

• Sampling
• Testing
• Reporting

Reporting 
sites:

• Etc, etc.
...
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Dengue records in the GeoSentinel database 
2007-2024

Returning travelers

27

Data science

Heidema JTM 2024

Chikungunya in the Indian Ocean Region
2024-2025

Huits JTM 2025
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Verifying the diagnosis
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Verifying the diagnosis

BMJ Best Practice 2024 Fernandes Brito, Nature Communications 2021
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Verifying the diagnosis

Fernandes Brito, Nature Communications 2021
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Laboratory confirmation > definite diagnosis

• Identification
• requires ‘direct’ diagnostics
• Guides testing

• Incubation period
• Timing of exposure

• Once a pathogen is identified > 
“fingerprinting” 
o verify that all cases are related to the outbreak
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Frumence et al. Euro Surveill. 2025
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Creating a case definition
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Creating a case definition

1. Clinical criteria (signs & symptoms)

2. Person, place and time

3. Laboratory test

Ø Suspected

Ø Probable

Ø Proven
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ILI case definition

An acute respiratory infection with:
• measured fever of ≥ 38 C°
• and cough;
• with onset within the last 10 days.

36

Descriptive epidemiology
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Descriptive epidemiology: Mapping
• Person, place and time
• Characterizing the outbreak
• Identifying population at risk

Cochet, Euro Surveill. 2022https://outbreaktools.ca/
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Descriptive epidemiology: further clues
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Typical Transmission 
Methods of Various 
Pathogens

Some diseases are spread 
by coughing or sneezing, 
which can cause droplets 
containing the infectious 
agent to land on nearby 
people.

A fomite is an inanimate 
object that serves as a 
vehicle to pass an 
infectious disease from an 
infected person to a 
healthy person. 
For example, a water 
fountain might become 
contaminated by the saliva 
of an infected person and 
pass that disease on to 
another person who drinks 
from it. Other examples of 
potential fomites include 
doorknobs, handrails, and 
shared computer 
keyboards.

Sometimes, an infectious 
agent enters the air when 
an infected person 
sneezes, coughs, 
laughs—or even just 
breathes—and it can 
remain in the air for an 
extended period of time. 
When another person 
comes into contact with 
the agent, this can lead to 
airborne transmission.

Fecal-oral transmission 
occurs when feces—often 
microscopic amounts— 
are transmitted from an 
infected person or animal 
to another person by 
mouth. This can happen if 
food workers use the 
restroom but do not 
adequately wash their 
hands before preparing 
food for customers to eat.

Vector-borne diseases are 
most commonly 
transmitted by insect 
bites. For example, 
mosquitoes acquire 
malaria parasites by 
feeding on infected 
humans and then transfer 
that infection to other 
people when they feed 
again. The plague, which 
killed tens of millions of 
Europeans in the 
fourteenth century, was 
transmitted from rats to 
humans through flea 
bites.

Person-to-person 
transmission can occur 
anytime an infected 
person touches or 
exchanges body fluids 
with another person. For 
example, kissing can be 
one method of 
person-to-
person transmission. 
A pregnant mother can 
also pass a disease on to 
her unborn child.

1. PERSON-TO-PERSON 2. DROPLET 4. AIRBORNE 5. FOMITES 6. INSECT BITE 3. FECAL-ORAL

Direct transmission means that the disease is passed 
directly from one infected person or animal to another 
person or animal. 

Indirect transmission occurs when a disease is passed 
from an infected person to another person, even though 
the two people have not had direct contact.

Vector transmission requires another organism to 
transmit a disease from person to person or from animal 
to person. This is a type of zoonotic (animal to person) 
transmission, but differs from direct zoonosis, in which a 
vertebrate animal contracts a disease and passes it 
directly to a person, as with rabies.

D I R E C T V E C TORI ND I R E C T

There are many ways that diseases can be passed from person to person, and some diseases can be transmitted in more than one way. Sometimes transmission involves direct 
contact with an infected person, while other times it only requires being near an infected person. Some diseases are not even spread through contact with people at all, 
but through contact with animals.

I        M E T H O D S  O F  D I S E A S E  T R A N S M I S S I O N
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https://education.nationalgeographic.org/resource/methods-disease-transmission/
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Descriptive epidemiology:

Azimi PNAS 2021

COVID-19 transmission:
airborne via aerosols (<5 µm)

OR
droplets (>5 - 10 µm)? 
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Basic Reproductive number

Adam Cole NPR

In a susceptible 
population
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Developing and testing a hypothesis

educated 
guess

association 
exposure 

and 
outcome

tested in 
analytical 

study
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Outbreak control strategies

• distancing, ventilation, masks, 
hand hygiene, vaccinationTransmissibility

• Case finding & quarantine, 
restricting mass gatherings, border 
control, vaccination, vector control

Contact rate

• vaccination, antimicrobial 
treatment

Duration of 
infectivity

REDUCE Types of measures

REDUCE
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Outbreak communication
• Disseminate factual and science-based information.

• Counter misinformation and myths.

• Encourage preventive measures

• Improve patient outcomes by ensuring people understand:
• symptoms, treatments, and recovery expectations.

• Reduce anxiety and fear by providing reassurance and clear guidance.
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WHO R&D Blueprint for Epidemics

•COVID-19

•Crimean–Congo hemorrhagic fever 
(CCHF)

•Ebola virus disease and Marburg 
virus disease

•Lassa fever

•Middle East respiratory syndrome 
coronavirus (MERS-CoV) and Severe 
Acute Respiratory Syndrome (SARS)

•Nipah and henipaviral diseases

•Rift Valley fever (RVF)

•Zika

•"Disease X" (an unknown pathogen)

https://www.who.int/teams/blueprint/who-r-and-d-blueprint-for-epidemics

What is the next big outbreak?
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Public Health Partners

Individual 
Communications

HealthMap
(web scraping)

Pandemic LLM

Signal 
Verification & 

Context

Open-Source Reports
 (& LLM Models)

Predictive
Intelligence

• Signal Prioritization
• Translation
• Copy editing and drafting
• Inclusion of reference data
• Trained on historic data

Signal Detection

• Online news aggregators
• Eyewitness reports
• Online expert-curated 

discussions
• Validated official reports
• 14 languages, 24/7

• Globally based SMEs
• Network of trust
• Multidisciplinary expertise
• Authoring online reports  

• Near real time
• Context + data
• All UN languages soon 

after launch
• Practitioner discussion 

Near Future
• Predicting scope, spread & 

severity
• Generated for different 

use cases
• Additional visual & data 

layers

beaconbio.org

How do we detect outbreaks?
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Jonkmans N, BMJ Global Health. 2021

How do prepare for outbreaks?
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In summary

Infectious 
disease 

outbreaks are 
disruptive

Enhance global 
preparedness

Continuous 
global 

surveillance

Targeted public 
health 

interventions

Tools to reduce 
the impact of 

future outbreaks
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rhuits@geosentinel.org

THANK 
YOU!
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