World Health

Organization

HUB

Pandemic and Epidemic
Intelligence

Dr. Oliver Morgan
22 April 2025




The History of Public Health

Intelligence




John Snow 1854
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William Farr (1807-1883
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Figure 7. Farr's diagram for local life tables: rural Surrey, Liverpool, and the metropolis; Sth
A.R.R.G., pp. 50-51 [PP, 1843, XXI].

A "life table” illustration by Farr, published in “The Fifth Annual Report of the Registr.
General of Births, Deaths and Marriages in England,” 1843. S




Alexander Langmuir (1910-1993)
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Chief Epidemiologist at CDC 1949-1970

Combined disease surveillance with rapid field investigations
Described the use of surveillance to drive decision-making as

“epidemic intelligence”




ProMED - 1994
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Program for Menitering Emerging Diseases

« Stephen Morse
» Jack Woodall

* Barbara Hatch Rosenberg

Source: Nature, 432:544,2004




WHQ’s Public Heatlh Intelligence Unit Established - 1994

Plague in Surat, India, 1994

Source: Council on Foreign Relations https://www.cfr.org/blog/surat-yumen-plagued-paranoia




Global Public Health Intelligence Network - 1997
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Other Notable Public Health Intelligence Platforms

European Media Monitor 2002 HealthMap 2006
Emm Top Stories oS aainatng

UPDATED EVERY 10 MANUTES, 24 HOURS PER DAY.

Current top 10 stories
n Period: Mar 22, 2022 2:20 AM - Mar 22, 2022 2:20 PM

LiHealthMap s wise o teeocion @ 1 w




Global Health Security Initiative: Early Alert and Response - 2001
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Canada, France, Germany, Italy, Japan, Mexico, the United Kingdom, the United States and the
European Commission. WHO is an observer.




Epidemic Intelligence from Open Sources - 2017
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* All communities have relevant training, enabling them to effectively use the EIOS system.
Communities can be Member States, regional CDCs, as well as other organizations and
networks. Relevant entities, including Member States , can join the initiative individually or as
part of a network (e.g. GHSI).

A GLOBAL INITIATIVE LED BY THE
WORLD HEALTH ORGANIZATION
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B EAC@ N Boston University Center on Emerging Infectious Diseases

Biothreats Emergence, Analysis, and Communications Network

Advances in Global Disease Surveillance:
An Introduction to BEACON
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Emerging Challenges for Public

Health Intelligence




Pandemic and Epidemic Risks are Inherently Uncertain

Uncertainty before a pandemic or epidemic Uncertainty during a pandemic or epidemic

Lock-d 5 Lift public health &
Pathogen? Where? ock-down: social measures?

@ Are facilities coping? .
Vaccine
effective?

Severity? Rapid containment? transition?

How to

S

New variant?

True outbreak?




Public Health Risks are Multi-dimentional

IEcomomic
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Source: Sahin O et al. Developing a Preliminary Causal Loop Diagram for Understanding 15
the Wicked Complexity of the COVID-19 Pandemic. Systems. 2020; 8(2):20.




Public health decisions must be informed by triangulation of many
surveillance inputs

Every public health decision must flexibly draw from ... by triangulating inputs from multiple ...requiring sophisticated people,
multiple pieces of evidence... surveillance & other sources processes & technology

Decisions: Evidence Surveillance inputs Assets

v

v

Transmissibility
Overall scale of response 4/

Selection & targeting of Overall severity per case
direct protection Clinical case series

Relative severity by host . Serological data
and viral characteristics

Selection & targeting of

transmission reduction Surveys

Processes

Balance of investments Expected timing & duration Hospital-based data

across types of measures of epidemics Viral surveillance

Intervention timing & ' Number of infected to date, pmmm Other sources (non-exhaustive) Technology

logistics; scale up plan by age, region Demographics

Scale back plan Estimated effectiveness of g

control measures Socio-economic context

u Mobility data

Climate
16

Source: Lipsitch M & Santillana, Curr Top Microbiol Immunol 2019:424:59-74



Innovation Landscape within the Surveillance Domain

Laboratory Science

Timely in-country access to SARS-
CoV-2 genetic sequencing capability
Number of Member States, 2021-2022

194

150

Source: WHO Regional Offices, as of 31 December 2022 (link to progress report).

Number of WHO Member States

> >
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2021 2022

Data Science

258,000+ Github repositories

on COVID-19
Jan 2020 - Feb 2024

®

COVID-19

Add your EU Digital Covid Vaccination
ertificates to your favorite wallet app

coronastatus.eu
Heip s uncover and

prodct e corona spread o
n your area

-



https://iris.who.int/bitstream/handle/10665/374757/9789240084773-eng.pdf?sequence=1

Future Opportunities for Public

Health Intelligence




The journey of the WHO Hub to date
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=% surveillance
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Highlights to strengthen pandemic and epidemic intelligence

Convenings & workshops e E wmﬂlﬂﬂ GESTALTEN

wafll V i llllnrlen hknﬂsmhl m‘_* -
Over 80 convenings hosted at the : o
Hub with 3500 participants

periences and lessons learnt o K e Strengthening NPHA Capabilities for

Regional partnerships & networks
from EI0S Trainers A . | % | Public Health Emergencies - A Discussion Series

IPSN - International Pathogen Surveillance R R & CRR Y R T e
S - Engaging Bgyond the Health Sector:

al ) Pt o s - . M = [/ 3 =
Network St : Jp e e 3! % i #3 | Roles of NPHAS in All-Hazards Emergencies

NPHA - National Public Health Agencies : ** v N TS e :
HSPA - Health Security Partnership in Africa ', i W \:,_ Y : e ' e =}

Or. Gduarde Lome Cade

Institutional partnerships

7 Memoranda of Understanding
signed with public health, academic
institutions & foundations

20+ partner staff at the WHO Hub




The WHO Hub has Reformed the Way we do Business

Staff-to-activity ratio
30% of Hub cost to staff cost;
70% to activities

Rapid talent acquisition
53 staff hired in three years

Agile workforce composition
50%+ of workforce are secondees,
academic partners, consultants

Important convener in Berlin
From 2023-24, 3500+ guests for 80+
meetings, events, visits

Leveraged new funding
>33M USS mobilized beyond German grant
towards surveillance priorities

Rapid procurement
WHO Hub needs 33% less time
for high value procurements

Effective grant allocation
100% of German investment allocated
by end of grant period

Project management office
Clear project management methodology,
governance and accountability
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EPIDEMIC INTELLIGENCE
FROM OPEN SOURCES

EIOS v.2.0 - Platform Re-architecture for Better Partnerships s

New partnership model and re-architecture support a Elns v 2+
strengthened, sustainable, and scalable EIOS system with =

more frequent, iterative improvements... ABUETIEE ST @pdTrlee

» Tech development capacity significantly
EIOS v.2.0

increased and accelerated
Enhanced Ul / UX +Scalability

«  System that caters to more user needs +Agility (dev)
e Re-architecture of portal backend

+Capabilities

EIOS V.1 .- current

Limited system capabilities
« Time to respond to community needs
* Users report information overload +Integrations

@ World Health
¥ Organization +Support (O&M)

+Modularity




Speech to text - Listening to Radio Stations Online and locally

Unite-Wave EIOS Social
listening platform

EIOS System

FM Radio signals
transferred

)

World Health
Organization

News from rural HUB
communities .

Pandemic a dEpd mic
Intelligen EPIDEMIC INTELLIGENCE
FROM OPEN SOURCES

rld Health
Janization




Monitoring  Documents D aining Communities and Teams ~

EI0S FROMGrENSoURES

AGLOBAL INITIATIVE LED BY THE
WORLD HEALTH ORGANIZATION

nd Feedback ~

All Source Subjects @ MixFM_Dodoma Corruption and HIV Treatment AIDS-HIV,

07:32 UTC i " . PoliticalUnrest
@ General News [ 6.62k ) ——— Innovations Amid Factory Explosion and

Political Turmoil in Tanzania

@ AfyaRadio Mwanza  Concerns Arise Over Tanzania's Plans to Ebola, Monkeypox

Vv Source Types 07:08 UTC ;
. Acquire and Spread Ebola and Mpox

All Source Types Viruses
(BIO . . . .

@ RadioJoyFM Kigo... N Expresses Concern Over Rising PoliticalUnrest
U i k| 06:02 UTC : ; ; 2 i
UMedical : afiT Violence in Sudan Amid Global Political
®Radio [ 6.62k ) Turmoil
[ITVRadio ' = ,

@ RFiKiswahili Dares... Russia Pressures U.S. for Influence in Natural Disaster
[socialmedia 95 05:42 UTC : i s L (editable), Natural

- Ukraine's Black Sea Negotiations Amid ;

— . . Swahili Disasters
|_socialmedia-facebook Ongoing Hostilities
[Cwebnews

@ RFiKiswahili Dares... Russia Pressures U.S. for Influence in Natural Disaster

05:42 UTC . o) 1% . editable), Natural

oz Ukraine's Black Sea Negotiations Amid (. :
Swahili Disasters

Vv Source Countries Ongoing Hostilities




A GLOBAL INITIATIVE LED BY THE

Anomaly Detection and Semantic Search

Hello, jon.a@adappt.ai! Log out About

OS EPIDEMIC INTELLIGENCE EIOS Anomalies

Mpox Global Dashboard

Search the knowledge bank

are mpox cases getting better or worse

Burundi Approved Angola

22 Nov 2024 |1 09:15 AM UTC A case of Monkeypox reported in
Angola, Namibians urged to
Q =

outbreak of mpox reports Burund t M;;u. outbreak
ff " kely identify additional Africar rded firmed case of Mpox
€ } mpox

transmission
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O S EPIDEMIC INTELLIGENCE

Mpox Global Dashboard

EIOS Anomalies

Search the knowledge bank

Hello, joshua.b@adappt.ai! E | 0 S

EPIDEMIC INTELLIGENC
FROM OPEN SOURCE

l 8+ Date Filter: .8+ days -

E
S

[Type your question...

Search

Rwanda

Sex, a Hex and a Sick Child Offer
Clues to...

Anomaly 1@ 2615
Score:

On Sept. 30, 2023, an anxious father brought
his 5-year-old son to the hospital in Kamituga, a
muddy, bustling town carved out of the thick
forest in the eastern Democratic ... boy had a
high fever and oozing sores ... months later, the
new strain of the virus ... have adapted to
spread more easily and quickly between people.
More than 62,000 cases of mpox have ... had its
first-ever case of mpox , they were ... have been
infected. Mpox transmission...

Brazil

Digital Tools and Analytics in the
Fight Against Mpox

Anomaly 3 L@ 2943

Score:

threat. The virtual meeting, organized by the
WHO Hub for Pandemic and Epidemic
Intelligence and partners, focused on fostering
collaborative actions and leveraging innovative
solutions in response to the evolving mpox
outbreak . The meeting ... 2023, a concerning
upsurge of mpox cases, particularly in ... during
the initial mpox outbreak . Experiences shared
... responding to the mpox outbreak . Dr. Julia
... analyzing ellipses of mpox outbreaks . He
underscored ... Go.Data. contributina to ...




Creating a Living Knowledge Graph with Agentic Al

LLM Assessor
{Unusual)
{unexpected)
{New Insight}
{Usef)
{terosting)
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LLM Generale Summary

|
Prompt

Sgnificant

Points of Interest Board

Agentic Framework
“DATA PARSING PERSONA"

~ Heart Disease

the list of the ruiches 1 ) heart disease

Memorthagic feves mith reral syndree
emorthagic fever with renal syndrome s L
a0
Abgominal pain Faint
Ventricular tacty
-
Corsmary artery bypass grafting
Weart dsease
ol Muscle achet
PN
Coughmng
Premature coreeury artery disease (CAD)
-w
Lett main coromary arte
N

Fatige
-

fro

» Smoking

» Anxiety

What is hantavirus, infectio..

SCORE: 16

A GLOBAL INITIATIVE LED BY THE
WORLD HEALTH ORGANIZATION

Heart Disorders and Disease.

SCORE: 16







Using Pathogen Genomics for Public Health Intelligence

International Pathogen Surveillance Network
235 Partners in 85 Countries s =

%%{; Communities of Practice to solve
common challenges

u Country Scale-up Accelerator to enable
exchange & amplify country voices

% Catalytic grant fund to support member
projects

Q PGS advocacy & communications

@ Convene partners to share progress and
= innovations

Countries in which active IPSN partner
organizations are located, *excl. countries in
which global/regional organizations are HQ




Products from the IPSN

Lab costing tool

WHO Global Strategy-
driven products

Global data sharing
attributes

Partner- driven

. products
Workforce training/

competencies framework \

Sampling framework




WHO All-Hazard Information Management Toolkit (WHO EMRO)

Country- and hazard-specific resources
* Pre-crisis baseline data

* Technical guidance

e Standard operating procedures (SOPs)

* Workflows, templates, and checklists

The toolkit integrates Al-assisted pre-filled templates:
* Rapid Risk Assessment
* Public Health Situational Analysis
* Response plans




Rapid Risk Assessment Al Generated Template

f potential public health concern

S Event ID

Cholera in Lebanon

Date and version of current assessment: )Se de lect version Led by: CO DOroOHAQD

Date(s) and version(s) of previous assessment(s):

Overall risk and confidence (based on information available at time of assessment)
Overall risk Confid in ilable infor ion

National Regional Global National Regional Global

Choose an item Choose an iternr

Risk statement (this section contains Al generated content that needs to be reviewed and cleared)

The cholera epidemic, a significant public health issue in the Eastern Mediterranean region, carries a myriad of direct and Ad d Itl O n a l ReSO U rces:

compound risks. Understanding these can aid national authorities in shaping preventative measures and emergency responses.

Direct public health risks of cholera include: G/Oba/ pUb/IC hea/th n te/llgence: .
* Acute diarrhoea: This is the hallmark symptom of cholera, leading to severe dehydration if not managed quickly. Rapid fluid loss WOI’/d Hea/th OranIZGtIOH O,DGI’GZ'IOI’)G/

may lead to renal failure, electrolyte imbalances and death if left untreated. . R
* Malnutrition: Persistent diarrhoea leads to poor nutrient absorption. This state can exacerbate other illnesses, compromise the pI’GCtICES. PL OS G/Obal Health’ 2023’

immune system and lead to wasting syndrome in chronic cases.

* Secondary infections: The weakened immune system due to cholera can make individuals susceptible to other opportunistic
infections, further increasing morbidity rates.

Compound public health risks associated with a cholera epidemic:

* Increased burden on healthcare systems: Cholera outbreaks can overwhelm existing healthcare infrastructure due to the
sudden surge in demand for treatment facilities. This could potentially divert resources away from other critical services.

* Disruption of community structures: Outbreaks often lead to fear and panic among the populace, affecting social cohesion. This
can result in reduced economic activity and mental health issues.

* Long-term impact on children's health and education: Children affected by cholera might miss school during recovery or even
drop out entirely. The disease may also cause cognitive development issues due to malnutrition.

* Water contamination: Cholera is primarily transmitted through contaminated water sources. An outbreak can signify a larger

irriin Af imadamiinta wintar canitatinm mracadieac landine ta athae iintarhacas dicanecae



https://doi.org/10.1371/journal.pgph.0002359
https://doi.org/10.1371/journal.pgph.0002359

Language Global.health

Data Chat - Interrogating Surveillance Data using Natural G/,

INTEGRATED DISEASE | used this query: SELECT Country_IS03, MAX(count) FROM ( SELECT Country_IS03, COUNT(*) AS count FROM outbreaks WHERE Disease

TECHNICAL | SURVEILLANCE AND "Influenza A' GROUP BY Country ISO3 ) AS temp_table;
GUIDELINES FOR|RESPONSE IN THE WHO About
AFRICAN REGION

DataChat answers questions '&) show graph of flu outbreaks by year
about infectious diseases and ’
BOOKLET ONE: INTRODUCTION SECTION historical outbreaks with data
from WHO's Disease Outbreak
News and epidemiological line
list data curated by
Global.health. This tool is a
work in progress (GitHub).

How to use

Special commands starting with a / that
DataChat understands:
{ 3‘«; World Health « [list: List all the datasets
S %,¥ Organization
Africa * |use dataset: Asks DataChat to use
dataset to answer questions

1 200Aet INtrREUCE Al 11 3CTOrs of the wteg et Dueme Survedlacce and Reigomae A0S Technnd
| Select model to use

| used this query: SELECT OutbreakStartYear AS Year, COUNT(#*) AS Count FROM outbreaks WHERE Disease = 'Influenza A' GROUP BY Year

I D S R gpt-3.5-turbo
ORDER BY Year ASC;

OpenAl APl Key




Data-driven decision making in health emergencies is difficult

Best available data Appropriate analytics

Operational teams Analytics community

Limited in-house Unaware of
analytics capacity operational realities

Weak links to Develop tools in
analytics community siloes

Timely communication

1

Decision makers

Removed from

analytics process World Health

Organization




% Collaboratory

Leverage WHO'’s position as a globally networked and trusted institution to
convene communities of practice for operationalizing analytics

Mpox Analytics
Community How do we estimate the size oftf,l’e mpox outbreak in
17 CoPs & |#El DRC from cases detected abroad?

600+ members

100+ organizations

50+ countries Dengue Analytics
“How do we predict the number of Dengue cases in
three months from surveillance and climate data?

Digital Platform
800+ posts
250+ discussions

EpiParameters
“How do we report epidemiological parameter
estimates in a standardized and centralized manner?”

7 T\
«@@ﬁv World Health
&3 Organization




Decision Support Pandemic Simulator

A data-driven decision-aid platform allowing public health officials and policy makers
to conduct realistic simulations of the impact of multiple interventions before and
during health emergencies on user-defined scenarios.

Democratize disease ﬁ‘ Customizable

aaes  Modeling access pathogen

characteristics

Rapid translation ¥ Model multiple diseases
into policy-making E and compounding
interventions

/7D } World Health
Organlzatlon




Pandemic Simulator Prototype

2025-03-04 11:16 Simulation

Scenario Outcomes

; ; ® @ ® Exposed fecte ’
Respiratory 9 78,618,168 73,689,042 45,023,082 3,789,283 3,463,314
® 24.03.2025 B @
Mar 04, 2025 - Apr 04, 2025
: Epidemic Curve
1h25m 32s admin Zone Compartment Admin Zone
> Al

Germany
78,618,177

Children 0-17  25%
Adults 18-55  50%
Elderly 56+ 25%

[ View Diagram i tiraah

Compartmental

Interventions M

Nethertands §

Belgium

Austria

Liechtenstein

World Health
rganization




Using Al for Interative Approaches to Decision Making

Parameter estimation, Mobility network O Known prevalence Forecasting Historical reconstruction

such as incubation period O Unknown prevalence Phylogenetically
inferred importation

i —®
L e

r Inferred
location A location B

o -
Observations from simulated surveillance |

Data collection, processing and interpretation

,

Outbreak simulator

Real-world outbreak Al model

Update
1 \ parameters

A Validation and according
fine-tuning to rewards

Policy/action
recommendations

Human policymakers
A

A 9 Implement selected action(s) in simulator

Implement control measures or further disease
surveillance efforts

Pre-training (with human-defined objectives)

Source: Kraemer et al, Artificial intelligence for modelling infectious
disease epidemic. Nature 2025 https.//doi.org/10.1038/541586-024-08564-w




Verification and Epidemiological Understanding will Always
Require Field Investigation

Source: WHO y”’@@, World Health
&9/ Organization
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