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Mathematical modelling of infectious diseases

Mathematical models are tools that simplify real world SR

systems /

. A“model” is a set of equations translated into computer \

codes, using software programs

A, Sv
» Ev

. Models can synthesize available evidence and information

. Models can simulate how diseases spread

. Models can estimate the impact of interventions such as
vaccination programs
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Modelling in Immunization Decision-Making: A Disconnect

Global level (SAGE) @ Country level

° Modelling embedded in EtD ﬁlﬁ Use is variable and ad hoc

: ‘R
I-’_jj Established protocols - e—e e |BE| Limited guidance

. Different contexts, :
‘ resources and

:‘{ Strong modelling access “x\appmaCheS,x"' @ Limited capacity & time

.._.

% WHO guidance needed to bridge this gap?

o




MODELLING

Estimate long-term
population impact

Compare immunization
strategies

Explore uncertainty

& scenarios

Inform cost-effectiveness

to do this systematically

From Modelling Outputs to Policy Decisions

Judge relevance to

local context

Understand assumptions

& limits

Assess uncertainty

& credibility

Use modelling alongside

other evidence

WHO guidance = tools, questions, and processes

7




WHO guidance development (2023-25)

e An initiative led by WHO, informed by advice from the WHO
@bl Weedenoogaleod | IJmaimunization and Vaccine-related Implementation Research
Pren— Advisory Committee (IVIR-AC) advised on Guidance for using
o e TR modelling for immunization decision-making

— » Target group: stakeholders involved in immunization
decisionmaking (NITAGs, EPI managers, immunization
technical working groups, RITAGs, and technical partners)

» Interpret modelling assumptions and uncertainty
« Assess relevance and credibility of results

. - Apply modelling within Evidence-to-Decision processes
"""" » Helpful advice on how to position modelling as input

among other sources of evidence

Meeting of the Immunization and Vaccine-related Implementation Research Advisory Committee (IVIR-AC), February 2023



https://www.who.int/publications/i/item/who-wer9813-127-144

WHO guidance development: three-stage approach

Decision maker needs WHO Guidance for Using Training and ongoing support
assessment informed Modelling for Immunization through existing mechanisms
content and format of the Decision-Making for NITAGs and national

guidance decision makers




Step 1: Needs assessment

Step 2: Guidance document

Step 3: Training and ongoing support

What decision-makers need from modelling guidance

Leask et al., 2025, Vaccine

Contents lists available at
g
eadpiek Vaccine
sl
journal hemepage: win

Informing the development of transmission modelling guidance for global
i ization decision-making: A qualitative needs assessment

Qualitative needs assessment
study across six WHO regions
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Varied use
Use differs across countries,

income groups, and
decision-makers

-
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Local context
Resources, capacity, data,
and local priorities shape

use /

@ Study objectives /

@ Understand how modelling is currently used

e Identify end-user needs and challenges

9 Define the most useful guidance formats

N

o |
&I
Translation capacity
Users need support with
assessing, validating, and
communicating modelling
results

/

Co-creation
Trust-based relationships
and routine engagement

between modellers and

\decision—mokers are critical/

-

=
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P
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Preferred format
Guidance document
accompanied by interactive
training and community of

\ practice /



https://doi.org/10.1016/j.vaccine.2025.126800

Step 1: Needs assessment Step 2: Guidance document Step 3: Training and ongoing support

WHO guidance publication

Objective
Help decision makers to interpret, use, and apply modelling
to support evidence-informed decision-making

Guidance for
using modelling

o o o Target audience
for immunization v NITAG and RITAG members, including secretariats
decision-making v EPl managers

v Technical working groups and partners

Link
https://iris.who.int/handle/10665/385083.
License: CC BY-NC-SA 3.0 1IGO

QR Code to the guidance document

E ) Contents lists available at ScienceDirect
Sl
oty o .
P Vaccine
& E‘ ‘ Vaceine
ELSEVIER journal | homepage: www elsevier.com/locate/vaccine

mmentary 4')
Advancing the use of vaccine impact modeling for immunization decisions | &
in low- and middle-income countries

Sim et al., 2026, Vaccine

Commentary with context and

£725% World Health rationale for the guidance
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https://iris.who.int/handle/10665/385083
https://doi.org/10.1016/j.vaccine.2026.128239

Step 1: Needs assessment

Next steps
Planned activities for 2026-28

< C Mm@

* Shortcuts "_ lambachp

) https://www.nitag-resource.org/training

¢’ Rebuild Cache

“ Content

,Il People

Learn new sKills. Get

up to speed with NITAG
functioning. Assess
your performance.

Modelling for immunization
decision-making

+ English

+ Al NITAG members

OPEN THIS MODULE

New vaccine
introduction prioritization
and sequencing

toolkit (NVI-PST)

+ 13 Resources
+ face-to-face
~ English

+ All NITAG members

OPEN THIS MODULE

uces core
Va C C | I"I e prl 1' best practices for engaging with modellers, interpreting results, and apprai

evisions

Overview

Mathematical modelling plays a critical role in guiding immunization strategies and policies worldwide. By simplifying complex real-world systems, models
provide decision-makers with a structured way to evaluate policy options and trade-offs in terms of health and economic outcomes. They simulate disease
ission at the | ion level and diverse evidence to support informed, data-driven decisions

serves as a first-line resource to strengthen the capacity of NITAG and RITAG members,

concepts, links modelling to the Evidence-to-Decision framework, and outlines
model outputs. It also includes practical tools and guidance for both co-

developing models and using existing studies, with NITAG training modules and materials forthcoming.

WHO guidance on modelling for immunization decision-m:
EPI managers, technical working groups, and partners. It

portfolio op

(VPOP) toollf - -

w

v

Vaccine eco

Training resources for this module
& Resour
WHO 2025
Decision-maker needs
face-tof for modelling: findings
WHO Guidance for using .g. i 9
English . . e from a qualitative study
modelling for immunization
All NITAG memb decision-making
Download: EN

National Immunization Subscription to the monthly updates

. N At the end of each month, we share the latest NITAG
Technical Advisory Groups ' ) o .
recommendations from across all regions, highlight key articles
Diseases Compendium Training Evaluation SYSVAC related to NITAG activities, and provide important
ouncements. Stay informed - don't miss out!

-]
suascmas

©2026 | LEC E-mail

4 Resour + 2 Resour

ice-to-face v e-module
English ~ English, French
All NITAG members + Trainers

OPEN THIS MODULE OPEN THIS MODULE

Step 2: Guidance document

Step 3: Training and ongoing support

NITAG technical capacity strengthening
through online course, training, and
ongoing support

Training modules tailored to pressing
policy questions faced by NITAGs and
country decision makers

Community of practice for knowledge
sharing, peer-to-peer learning, and
collaboration

Partnership with local institutions across
six WHO regions
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Guidance for using
modelling for

iImmunization
decision-making
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Key tools from the guidance document

How to determine whether modelling could provide
useful information for your decisions

Vaccine characteristics
(e.g. safety, efficacy,
duration of
protection, cost)

Disease epidemiology
and natural history

Disease burden

Other
non-vaccine
interventions
(e.q. cost,
efficacy)

Public and
political demand

Implementation
considerations

Decision
on vaccine
intervention

Population
dynamics,

demography and
human behaviour

Modelling is one of many sources of information
and may not always be necessary or
appropriate

Modelling is particularly useful when:

Overall population impact is not captured in
available studies

Impact can be expected only several decades in the
future

There is uncertainty about virus evolution or vaccine
characteristics

There is a need to explore multiple hypothetical
scenarios about vaccination strategies

There is a need to compare scenarios with
counterfactuals that cannot be evaluated in the
real-world settings

Incomplete and insufficient surveillance data

Chapter 2 from the guidance document
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Key tools from the guidance document

How to put modelling in the evidence-to-decision process

Evidence-
to-decision
process

Formulate the
policy question

Define criteria and
elements specific to
the policy question

Collect, synthesize and
assess evidence for
each criterion

Develop
recommendations
for decisions

Modelling

process

Define policy-relevant

modelling guestion

Contextualize
available data

Build or select
appropriate model

Fit to data and
validate model

Conduct scenario
analyses

Interpret and
evaluate results

Integrate model
outputs into
recommendations

Chapter 2 from the guidance document

14



Key tools from the guidance document

How to participate in the modelling process

Problem
formulation Step 1:
definition of
the model
question

Step 6:
interpretation
and evaluation

of results
Step 5: contextual-
sCenario ization
analyses

The modelling
process is made up of
four overarching areas Step 2:

data

contextual-
ization

Step 4: development,
model fitting and
validatlon validation

Problem
formulation

Data
contextualization

i
1@
~

Model
development,
fitting and
validation

Scenario
formulation
and result
interpretation

Advise on priorities for research and modelling

Define decision problems

Translate policy question into quantifiable modelling questions
Advise on feasibility assessment

Synthesize knowledge on disease and vaccine/clinical trials
Conduct an extensive literature review to understand the broader
views of similar questions and existing modelling work on the topic
In various settings

Review model structures, assumptions and parameters

Review roles and dose regimens of vaccines in the model

Review assumptions about the disease and transmission

Assess feasibility of vaccine implementation

Perform scenario analyses and sensitivity analyses

Review scenario formulation and interpretation
Assemble model results

Provide feedback on the practical points regarding
the model scenarios

Review vaccine scenario construction and interpretation

Chapter 4 from the guidance document

15



Key tools from the guidance document

How to collaborate effectively with modelers

Roles and Useful
responsi- tools
bilities
| | Internal Respect in .
Who is responsible . . Resources to facilitate
for what aspects of communication the engagement meaningful and
problem formulation, respectful
data contextualization, collaboration and
model development communication within
and validation, modelling teams.
scenario formulation
and interpretation.
Best practices for How to work together in
collaboration within a mutually beneficial,
modelling teams and cooperative and
their plans for wider sustainable environment,
dissemination. prioritizing respect and

authentic collaboration.

Chapter 3 from the guidance document



Key tools from the guidance document

How to appraise and evaluate modelling results

Problem formulation questions
0 What is the decision or policy question

0 What modelling question does the study

of interest? Can it be addressed through

modelling?

try to address? Does it match the policy
question?

Scenario formulation and result
interpretation questions

a

a

o 0O O 0O

What can be learned about the policy
question from interpreting modelled
outcomes and scenarios?

What are the most important model
findings? How might they provide insights
for the decision?

For what period of time were impacts
measured?

What assumptions were tested across a
range of scenarios?

Is the full range of uncertainty around key
parameters explored sufficiently?

Do key model results change qualitatively
within the observed range of uncertainty of
key parameters?

Step 6:
interpretation
and evaluation
of results

Step 5:
scenario
analyses

Scenario
formulation
and result
interpretation

The modelling

Step 1:
definition of
the model
question

process is made up of
four overarching areas

Step 4:
model
validation

Step 3:
model
development
and parameter
estimation

development,
fitting and
validation

Step 2:
data

contextual-

ization

Data contextualization questions
d What data were used? Are they

representative of the population of
interest?

0 Where did the data come from?
0 How were data gaps addressed?
0 Was a quality assessment conducted?

Model development, fitting and
validation questions

QO

QO

QO

What type of model will be most appropriate to
answer the policy question of interest?

How will the model be assessed to determine
whether it fits to the data and whether it makes
epidemiological sense?

What outcome measure should the model
estimate to best answer the policy question of
interest?

What model structure will best capture the
main sources of uncertainty?

How will the model incorporate key
mechanisms of disease epidemiology,
dynamics and progression, transmission
patterns, population behaviour, immunity and
vaccine introduction?

How will model assumptions be made to align
with available data and evidence? On what
basis will these assumptions be made? How
realistic will they be?

How will these key assumptions and
mechanisms in model structure impact model
results?

How will the number of vaccine doses received
(dose dependencies) be tracked in the model
structure?

Chapter 3 from the guidance document
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In summary: How can NITAG use modelling for HPV vaccination

recommendations?

/

Example policy question

“Should the country vaccinate against HPV, and how is it best implemented?”
-

. = :

Example modelling question

/
I “What will be the health and economic impact of implementing an
I I| immunization programme for one dose versus two doses for girls and/or
(S

-

boys in specific age groups in the country?”

/
/ . . . . \ / . . .. \ mrmulate scenarios and interpreh

Review available local data, identify Build a model OR use existing results

gaps, and assess data quality modelling results . Scenarios (e.g. different schedule

« Cervical cancer burden and reporting « Model structure or specification for HPV coverage rqu;s age range, girls a,nd
system transmission in the country boys) ’ ’

- HPV vaccine effectiveness « Impact of assumptions on modelling . Relevance of modelling results to the
(1 dose vs. 2 doses) results and uncertainty oolicy question and local context

« Immunization program and disease « Comparison between modeling results . Critical guestions to enaade with
treatment costs, etc. with real-world data or expected modelling results s

\ / kpatterns / \ /

Integrate modelling results into recommendations

Evaluate the modelling and translation process
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WHO TB Vaccine Accelerator:
Three WGs are integrated with each other, and work
with other partners and networks

- _ WHO policy & PreQual.
ini Proof-of- egis Pr nt 2 Introduction
8 : _ rocureme
. Efficacy ation ss/Pharma
ﬂmpl me tatn

Clinical & Policy
TAG

Country
| & readiness WG
Collaboration for TB Vaccine Discovery
. L)
NEW TB VACCIN




Finance & Access Working Group
Taskforce 2 on early global economic evidence generation

Catalysing solutions for
equitable global access and
sustainable financing for
novel tuberculosis vaccines

for adults and adolescents

/ SOLUTIONT

- Global catalytic instrument(s) that assure(s)
funded demand from countries and donors
to incentivize manufacturers to expand capacity and
negotiate more affordable price(s).

=  SOLUTION 2

(\ Systematic and early generation of
country-led evidence packages including
demand forecasts, cost-effectiveness analyses and
budget impact studies that enable governments to make
timely and informed decisions.

S SOLUTION 3

=} Clarity on available domestic financing
commitments and external support,
supported by scenario modelling’, that can help identify
gaps and mobilize resources.

i SOLUTION 4

T_ﬂ Coordination platform for supply and
demand stakeholders to align, supported by
shared roadmaps and regular dialogue that can help
synchronize timelines between manufacturing, financing
and country access.

SOLUTION S

i Sharing of key information that is important

for equitable access and is not commercially
sensitive, to support country planning and trust building
through market transparency.

by

%~ SOLUTIONG

. [ P ;
. Advocacy for licensing and technology
transfer to at least one manufacturer in each
high-burden region that can help strengthen supply
security, regional ownership and vaccine acceptance,

https://www.who.int/publications/i/item/9789240116900

Catalysing solutions for equitable global access and sustainable financing for novel tuberculosis vaccines for adults and adolescents

24



Taskforce 2 scope focuses on economic evidence to
accelerate access and financing decisions and early signals

Interventions: Novel TB Vaccines for adults and adolescents
Value chain: Economic evidence related to finance and access to products

Models and estimates: Global cost-effectiveness analyses based mathematical modelling, budget impact estimates,
cost of production estimates that enable countries and donors to prioritize TB vaccine demand and financing; epi data&
other need to generate these estimates

Uncertainties: In the absence of complete data, scenario planning through modelling can guide early strategies

Timing and early nature of the work: Comprehensive evidence at this stage will also support risk assessments for
demand and financing, and pricing assumptions, ensuring public health needs translate into funded demand.

National decision-making and budget allocation processes will occur at a later stage, with final trial data and product
licensure. The work today supports early signals needed on access and financing.

@ World Health
84/ Organization

o
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Slide from the previous NISH webinar:
How to put modelling in the evidence-to-decision process

Incorporating modelling in GRADE EtR G RAD E}

EtR Domain Modelling Contribution NITAG Decision-Making Support

Integrates notification data to project future Establishes the urgency and scale of the

>roblem Priority  TB trajectories if no new action is taken. national need.

Translates trial efficacy into Population Impact Defines the Public Health Value and strength of
3enefits & Harms (cases and deaths averted). recommendation.
/alues & Simulates the reduction in catastrophic costs Ensures the vaccine aligns with community
>references for households due to prevented TB cases. economic priorities.
esource Simulates HR, cold-chain capacity, and dose Informs National Operational Planning and
equirements volumes for various rollout scales. logistical roadmaps.

Calculates the ICER (cost per DALY averted) Determines Value for Money to secure Treasury
_ost-effectiveness and predicts long-term healthcare savings. and political buy-in.

Disaggregates impact by age, HIV status, or Guides Sub-population Targeting for high-
-quity region to see if the vaccine closes health gaps. burden geographies.

Models "What-If" scenarios for vaccine Shapes Communication Strategies and social
\cceptability hesitancy and provider-side "fatigue". mobilization efforts.

Tests different delivery platforms (e.g., school- Selects the Optimal Delivery Channel for the
-easibility based vs. clinic) to find bottlenecks. local context.

Source: Dr waasila Jassat. NAGI TB Vaccine Working Group Chair. NISH WHO Webinar: Mathematical Modelling for New TB Vaccine Decision-Making in Africa

Chapter 2 from the guidance document

26



Conclusion

- Mathematical models can simulate how diseases spread and estimate the impact
of interventions such as vaccination programs.

- Modelling is one of many sources of information and may not always be necessary
or appropriate.

- There is no single, “correct” model for all types of policy question, and the
appropriateness of a model could be determined primarily based on the question.

- And therefore it is important to ask critical questions that make assumptions,
uncertainty and relevance of modelling results explicit.

» Co-creation between local decision makers and local modellers, based on local QR Code to the guidance document

dataq, is key to contextually relevant modelling results.

 Key tools from WHO guidance could be applied to TB vaccine introduction in Africa.




SR\, World Health
» Ve

Thank you

For further questions, please reach out to sims@who.int

28


mailto:sims@who.int

	Instructions DELETE BEFORE PRESENTING
	Slide 1: WHO guidance on using mathematical modelling for immunization decision-making
	Slide 2: Agenda 
	Slide 3
	Slide 4: Mathematical modelling of infectious diseases
	Slide 5
	Slide 6
	Slide 7: WHO guidance development (2023-25)
	Slide 8: WHO guidance development: three-stage approach
	Slide 9: What decision-makers need from modelling guidance
	Slide 10: WHO guidance publication
	Slide 11: Next steps
	Slide 12
	Slide 13: How to determine whether modelling could provide useful information for your decisions
	Slide 14: How to put modelling in the evidence-to-decision process
	Slide 15: How to participate in the modelling process 
	Slide 17: How to collaborate effectively with modelers
	Slide 19: How to appraise and evaluate modelling results 
	Slide 20
	Slide 21: In summary: How can NITAG use modelling for HPV vaccination recommendations?
	Slide 22
	Slide 23: WHO TB Vaccine Accelerator: Three WGs are integrated with each other, and work with other partners and networks
	Slide 24
	Slide 25: Taskforce 2 scope focuses on economic evidence to accelerate access and financing decisions and early signals
	Slide 26: Slide from the previous NISH webinar: How to put modelling in the evidence-to-decision process
	Slide 27: Conclusion
	Slide 28


