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Lecture overview

• Recognise the contribution of key disciplines in 
evidence-informed vaccine decision-making

• Role play a complex public health decision process 
(whether to introduce dengue vaccination in 2016)

• Explore how these principles can be applied to other 
situations



Multiple perspectives in vaccine decision making

Epidemiologist
What will the health 
outcomes of this decision be?

Statistician
How certain are we of 
the outcomes of a 
decision?

Economist
What is the value of what we give 
up if we make this decision?

Ethicist / philosopher
Is this decision right 
and good?

Behavioral scientist
How will people respond 
when this decision is made?

Operational researcher
Which decision will 
maximize our desired 
outputs from our 
resources?

Clinician, patient, advocate
How will this decision affect my 
life / my patient’s life / the lives 
of people I care about?



Structure for making evidence-informed public health decisions

Advisory group
Fair, transparent, legitimate 

deliberative process

Final decision by legitimate decision makers (e.g. Ministers)

Basic science

Field epidemiology

Mathematical modelling

Health economics

Implementation science

Attitudinal research etc.

Evidence generators/interpreters

WHO Strategic Group of Experts on Immunization 

(SAGE) meeting, October 2018. Archived at: 

https://web.archive.org/web/20190418035013/http

s://www.who.int/immunization/policy/sage/en/

Interlocutors

e.g. civil servants

Stakeholders and 

people with lived 

experience
Healthcare staff

Patients

The public

https://web.archive.org/web/20190418035013/https:/www.who.int/immunization/policy/sage/en/


Recap: dengue vaccination

What do you know 

about dengue and 

dengue vaccination 

from your own 

knowledge and from 

the course so far?

AI art created using NightCafe



Aedes aegypti mosquito.
Source: Muhammad Mahdi Karim - Own work. GFDL 1.2 license. 
https://commons.wikimedia.org/w/index.php?curid=11185617

The vector and the vaccine

Dengvaxia vaccine against dengue
Source: National Institutes of Health 
https://www.techtransfer.nih.gov/showcase/dengvaxia-r

https://commons.wikimedia.org/w/index.php?curid=11185617
https://www.techtransfer.nih.gov/showcase/dengvaxia-r
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Bhatt S. The global distribution and burden of dengue. Nature 2013; 496: 504–507. https://doi.org/10.1038/nature12060

Global burden of dengue (2013)

https://doi.org/10.1038/nature12060


Messina JP et al. The current 

and future global distribution and 

population at risk of dengue. Nat 

Microbiol 2019; 4:1508–1515. 

https://doi.org/10.1038/s41564-

019-0476-8

Burden likely to increase due to climate change

https://doi.org/10.1038/s41564-019-0476-8


Data from patients hospitalized at Queen Sirikit National Institute of Child Health, Bangkok, Thailand.

Zhang et al. Clade Replacements in Dengue Virus Serotypes 1 and 3 Are Associated with Changing Serotype Prevalence. J Virology 2005; 79:15123.

https://doi.org/10.1128/jvi.79.24.15123-15130.2005

Multiple dengue serotypes interact

https://doi.org/10.1128/jvi.79.24.15123-15130.2005


Clinical trials
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Guy B et al. Development of the 

Sanofi Pasteur tetravalent dengue 

vaccine: One more step forward. 

Vaccine 2015; 33(50):7100-11. 

https://doi.org/10.1016/j.vaccine.20

15.09.108

Dengvaxia: CYD-TDV phase III trials

https://doi.org/10.1016/j.vaccine.2015.09.108


Dengvaxia: CYD-TDV phase III trials

Hadinegoro et al. Efficacy and Long-Term Safety of a Dengue Vaccine in Regions of Endemic Disease. N Engl J Med 2015; 373(13):1195-206. 

https://doi.org/10.1056/nejmoa1506223

https://doi.org/10.1056/nejmoa1506223


Hadinegoro et al. NEJM 2015; 373:1195.

Halstead and Russell. Vaccine 2016; 34:1643.

The manufacturer sought a license for everyone 9 years and over.
But a key question: is age a proxy for serostatus?

Dengvaxia: CYD-TDV phase III trials



Mathematical modelling
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Flasche et al. The Long-Term Safety, Public Health Impact, and Cost-Effectiveness of Routine Vaccination with a Recombinant, Live-Attenuated Dengue 

Vaccine (Dengvaxia): A Model Comparison Study. PLoS Medicine 2016; 13:11. https://doi.org/10.1371/journal.pmed.1002181

WHO Comparative Modelling of Dengue Vaccine public health 
Impact (CMDVI): Commissioned modeling groups

https://doi.org/10.1371/journal.pmed.1002181


Flasche et al. PLoS Medicine 2016; 13:11.

Dengvaxia proposed mechanism of action



Flasche et al. PLoS Medicine 2016; 13:11.

Dengvaxia modelling consortium results



Health economics
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A (full) economic 

evaluation 

compares the 

incremental costs 

and consequences 

of an intervention 

compared to a 

comparator

What is an economic evaluation?

INTERVENTION
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life years gained
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Cost-effectiveness analysis
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NB: The price of a full course of Dengvaxia in the Philippines 
in 2016 was estimated to be 69 US$ (España et al. PLoS Negl

Trop Dis 2019; 13(7): e0007482).

Cost-effectiveness modelling of Dengvaxia

If willing to pay 

US$4000 to 

avert a DALY

…then pay no more 

than $50 per course of 

Dengue vaccination

Flasche et al. PLoS Medicine 2016; 13:11.
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The trolley problem: good consequences vs good process

Picture: McGeddon. CCA-SA 4.0 license. Wikimedia Commons.
https://upload.wikimedia.org/wikipedia/commons/8/8c/Trolley_problem.png

https://upload.wikimedia.org/wikipedia/commons/8/8c/Trolley_problem.png


Dengvaxia is a trolley problem

Severe 

dengue

Dengvaxia Seropositive 

people

Seronegative 

people



Dengvaxia: classic medical ethics principles

Principle Meaning Satisfied by Dengvaxia?

Benevolence Acting in a person’s best 
interests by promoting their well-
being, providing benefits and 
balancing risks

 On average, vaccinees’ risk of 
severe dengue decreased.

Non-
maleficence

Avoiding intentional harm to 
patients

? The harm was not intentional, 
but it may have been foreseen.

Autonomy Respecting a person’s right to 
make fully informed decisions 
about their health

 Vaccinees did not receive full 
information about the potential 
risks of Dengvaxia.

Justice Ensuring that everyone is treated 
fairly, equitably and appropriately

? The vaccinee was freely 
available, but it created unequal 
exposure to risk.

Beauchamp TL, Childress JF. Principles of bioethics. 7th edition. Oxford University Press; 2013



Behavioral science
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Prospect theory: loss aversion, diminishing sensitivity

Kahneman D,  Tversky A. Prospect theory: 
An analysis of decision under risk. 
Econometrica 1979: 47:263-291.

1

-1

Diminishing sensitivity
Large gains/losses are 

valued proportionately less 
than smaller ones.

Loss aversion
Losses are valued more than 

equivalent gains

Daniel Kahneman (left) and Amos Tversky (right). 
https://www.amacad.org/news/two-systems-mind

https://www.amacad.org/news/two-systems-mind


Expected utility theory vs prospect theory

Expected utility theory 
(von Neumann and 
Morgenstern, 1944)

Prospect theory 
(Kahneman and Tversky, 1979)

Goal Describes how rational people 
should make choices under 
uncertainty.

Describes how real people actually 
make choices under uncertainty.

Key concept How to maximize the expected 
utility you gain from a decision 
(i.e. sum of utility gains times 
probability of that gain).

People don’t actually maximise 
their expected utility – they 
evaluate compared to a reference 
point (usually the status quo), and 
put more weight on losses than 
gains.



Prospect theory in practice: vaccine trade-offs

Based on prospect theory, what results do you think this 

discrete choice experiment showed?

Luyten J et al. Quantifying the public's view on social value judgments in vaccine decision-making: 
A discrete choice experiment. Soc Sci Med 2019; 228:181-193.



Bringing the evidence together for decision making

Evidence Decisions

Adapted from Lakdawalla DN et al. Defining Elements of Value in Health Care-A Health Economics Approach: An ISPOR Special Task Force Report [3]. 

Value Health 2018; 21(2):131-139. https://doi.org/10.1016/j.jval.2017.12.007
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https://doi.org/10.1016/j.jval.2017.12.007


A dengue vaccine with the characteristics you just saw has 
just been licensed. The Health Minister of a country in 
South-East Asia is deciding whether or not to introduce the 
vaccine and proposes to set up an expert committee to 
evaluate this question.

In your groups, split yourself into people on the expert 
committee with different roles: an epidemiologist, a vaccine 
trialist, a modeller, an ethicist, a behavioural scientist, an 
economist and a chairperson. If there are not enough 
people, pick any roles you think are most relevant.

Agree on rules by which the discussion should be conducted 
and the final recommendation reached.

What conclusion did your committee reach?

Role play (15 mins)



WHO decision-making processes about vaccination

Synthesis of evidence

• SAGE working group
• SAGE secretariatGlobal Advisory 

Committee 
on Vaccine Safety 

(GACVS)

Expert Committee 
on Biological 

Standardization

Input

Request for 
review of 
evidence 

Final 
country 
decision

Immunisation 
and Vaccines

Implementation Research 
Advisory Committee 

(IVIR-AC)

Stakeholders

Immunization 
Practices Advisory 
Committee (IPAC)

WHO 
position 

paper

WHO 
Director
-General

WHO Regional Vaccine
committees (TAGs)

National vaccine
committees 

(NITAGs)

WHO Global 
Vaccine Committee 

(SAGE)

Synthesis of evidence

• NITAG working group
• NITAG secretariat

Slide from WHO (adapted)

Stakeholders



Dengvaxia: 2016 WHO recommendations

“SAGE  recommended  countries  consider  

introduction…only  in  geographic  settings  

(national  or  subnational)  with…seroprevalence  

of  approximately  70%  or  greater  in  the  age  

group  targeted  for  vaccination......decisions  

about  introduction  require  careful  assessment  

at  the  country  level…”

Summary of the April 2016 meeting of SAGE. 

https://www.who.int/immunization/sage/meetings/2016/april/SA

GE_April_2016_Meeting_Web_summary.pdf

Dengvaxia was subsequently licensed in 20 

dengue-endemic countries

WHO Strategic Group of Experts on Immunization (SAGE) 
meeting, October 2018. Archived at: 
https://web.archive.org/web/20190418035013/https://
www.who.int/immunization/policy/sage/en/

https://www.who.int/immunization/sage/meetings/2016/april/SAGE_April_2016_Meeting_Web_summary.pdf
https://web.archive.org/web/20190418035013/https:/www.who.int/immunization/policy/sage/en/


Dengvaxia: further data in 2018

In 2018, the manufacturer conducted a post-hoc study with a newly developed assay that 

allowed retrospective testing of blood samples of vaccinees to recover baseline serostatus. 

Sridhar et al. Effect of 

Dengue Serostatus on 

Dengue Vaccine Safety 

and Efficacy. N Engl J Med 

2018; 379:327-340. 

https://doi.org/10.1056/nej

moa1800820

https://doi.org/10.1056/nejmoa1800820


Dengvaxia: Philippines public response



Dengvaxia: Halstead et al. analysis

Halstead et al, Ethics of a partially effective dengue vaccine: Lessons from the Philippines. Vaccine 2020; 38(35):5572–5576. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7347470/

“In 2016, Dengvaxia given to 880,464 nine-

year-old children…

…After this program was initiated a novel 

serological test, applied retrospectively, 

generated data for entire phase 3 population 

discovering that …seronegative children given 

Dengvaxia were at significant risk to severe 

dengue. This news resulted in cancelation of 

the vaccination program in the Philippines and 

in widespread public alarm.”

…during the first four years after complete 

Dengvaxia immunization…nearly 500 

vaccinated seronegative children are expected 

to acquire severe dengue.”

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7347470/


Dengvaxia: 2018 WHO recommendations (revised)

”For countries considering vaccination as part 
of their dengue control programme, pre-
vaccination screening is the recommended 
strategy...With this strategy, only persons with 
evidence of a past dengue infection would be 
vaccinated…

If pre-vaccination screening is not feasible, 
vaccination without individual screening could 
be considered in areas with…seroprevalence 
rates of at least 80% by age 9 years.”

Dengue vaccine: WHO position paper - Sept 2018. Available at: 

https://apps.who.int/iris/bitstream/handle/10665/274315/WER9336.pdf?ua=1

WHO Strategic Group of Experts on Immunization (SAGE) 
meeting, October 2018. Archived at: 
https://web.archive.org/web/20190418035013/https://
www.who.int/immunization/policy/sage/en/

https://apps.who.int/iris/bitstream/handle/10665/274315/WER9336.pdf?ua=1
https://web.archive.org/web/20190418035013/https:/www.who.int/immunization/policy/sage/en/


Every actor has an important perspective

Epidemiologist
Global dengue burden is high. 

We need a vaccine!

Clinical trialist
The trials showed good 

results! But the <5 data are 
worrying…

Modeller
The data are consistent with vaccination 

acting like a silent infection…  which 
means it will harm some people … but 
protect more people than it harms in 

high-transmission settings.

Ethicist
Is it ethical to put some people 

at risk for the sake of 
protecting others?

Behavioural scientist
If parents find out their kids have been 

put at risk by the vaccine, this could 
affect their trust in vaccines.

Economist
The vaccine might not be cost-
effective in some countries at 

current prices …



Another difficult decisions: varicella vaccination

Talbird SE et al. Understanding the role of exogenous boosting in modeling
varicella vaccination. Expert Rev Vaccines 2018; 17(11):1021-1035. 
https://doi.org/10.1080/14760584.2018.1538801

Wutzler P et al. Herpes zoster in the context of varicella vaccination - An 
equation with several variables. Vaccine 2018; 36(46):7072-7082. 
https://doi.org/10.1016/j.vaccine.2018.09.013

https://doi.org/10.1080/14760584.2018.1538801
https://doi.org/10.1016/j.vaccine.2018.09.013


Another difficult decisions: varicella vaccination

Impact of childhood varicella vaccination in the UK on varicella 

(left) and zoster (right) incidence

van Hoek AJ et al. The cost-effectiveness of varicella and combined varicella and herpes zoster vaccination programmes in the United Kingdom. Vaccine 2012; 
30(6):1225-34. https://doi.org/10.1016/j.vaccine.2011.11.026

https://doi.org/10.1016/j.vaccine.2011.11.026


Go back to your committee.

What would the epidemiologist, modeller, 
ethicist, behavioural scientist and 
economist say about introducing varicella 
vaccination in the UK?

What conclusion would your committee 
reach overall?

[Make this a briefer discussion since I’ve 
given you much less information]

Role play (5 mins)



Summary of perspectives

Perspective Key issues

Epidemiology • Varicella is highly infectious and usually mild in children but can cause severe disease in 
immunocompromised individuals.

• Reduced varicella circulation may decrease natural immune boosting in adults, potentially 
causing a temporary increase in zoster, which is more severe (but evidence is contested).

Modelling • Transmission models suggest that varicella vaccination will cause a temporary increase in 
zoster incidence, but in the long-term will reduce both varicella and zoster incidence.

• Predictions are sensitive to the assumed strength and duration of exogenous boosting. 

Economics • Varicella vaccination could be cost-effective in the short-term (reduced disease and health 
care costs), but in the medium-term will depend on how much increase in zoster is 
anticipated.

Ethics • Vaccination protects children from disease and complications (beneficence) but may expose 
current adults to higher shingles risk (non-maleficence). 

• Raises issues of justice and intergenerational fairness.

Behaviour • Public concern that vaccination could increase shingles may contribute to vaccine hesitancy 
or resistance if uncertainty is poorly communicated.



Epilogue: what happened in the UK?

Adams L et al. Modelling the impact and cost effectiveness of universal varicella vaccination 
in England. Vaccine 2025; 50:126831. https://doi.org/10.1016/j.vaccine.2025.126831

The “exogeneous boosting effect” 

was found to be shorter than 

previously estimated (3-5 years), 

based on fitting a model to zoster 

incidence in the USA following the 

introduction of varicella 

vaccination in 1995.

This means that the effect of 

varicella vaccination on zoster 

incidence is smaller than 

previously thought.

Based on new health and 

economic modelling, the UK’s 

vaccine committee recommended 

introducing varicella vaccination in 

2023.

https://doi.org/10.1016/j.vaccine.2025.126831


Take home messages

• Vaccine decision making integrates evidence and perspectives 
from a variety of disciplines: epidemiology, implementation 
science, mathematics, economics, behavioural science, ethics 
etc.

• Ignore any of these perspectives at your peril!


