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The two pillars of prevention 
and containment of epidemics

30 October 2017 2

• Pharmacological Steps (Vaccination, 
Antiviral Drugs)

• Non-pharma steps (decreasing 
behaviours at risk, social distancing, 
isolation measures )



BOTH DEPEND ON HUMAN 
BEHAVIOUR !
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• Propensity to vaccinate our own 
children (or to take an antiviral 
drug)

• decreasing behaviours at risk, social 
distancing: behaviour dependent



Inducing modifications of behaviors at 
risk is challenging !
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• Some RISKY behaviors are considered NOT at 
risk

• Some behaviors are considered at risk, but 
they are not

• Some RISKY behaviors are correctly perceived 
at risk, but changing them implies an effort…. 
and people are lazy



Vaccinations

In EU and in other parts of 
affluent world…to the old basic 

scenario….
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Traditional Irrational Anti-Vaccinators….
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A NEW AND MORE DANGEROUS ONE IS 
ADDED

…modern “Pseudo Rational” 
Objection/hesitancy to VAccination

(“PROVA”)
typical of rich & learned people…
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“OK, polio is serious. However, there are very few 
cases in my country ! Why should I vaccinate my 

children exposing them to vaccine-related side effect 
?”
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“Come on! We must train our 
children’s Immune System so that it 

can fight really serious diseases, 
not funny diseases as measles”



… Moreover: health-care workers are 
skeptical against vaccinations…
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…or exhibit striking discrepancies 
between their family vaccinal choices

and their suggestions to patients
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TO REVERSE THE P.R.O.V.A. TREND IS… a 
huge challenge for EU Public Health, since 

we are living in a “Post-Trust” Society
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TO REVERSE THE P.R.O.V.A. TREND IS… a 
huge challenge also because…. 

knowledge is important but  not enough 
to change the behaviour of vaccine-

hesitant people ! 
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Even more difficult when “science” 
seems to confirm rumors….
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In reality the acceptance of that paper is 
one of the major example of absence of 

peer review not of science failure.
Any case the impact was a disaster…
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95% coverage is the theoretical minimum 
to eliminate measles. Sudden decrease of 

MMR vaccine -> recurrent epidemics 
predicted &… really observed !
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Measles outbreaks in England+Wales in 1993-
2002 & vaccine uptake in  0-11y children



Serious Press diffused the news on 
retraction

BUT Wakefield-based fake news against MMR vaccine 
and the PDF of the paper continue spreading on 

Internet



… political and religious objection…
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… often the reasons of vaccinators are of 
anti-vaccinators can be deeply rooted in 

local culture….



… vaccine waning and the related issue of 
revaccination is adding into the play of 

vaccination hesitancy new hesitant actors
with a particular psychology: teenagers….



Thus: anthropological and sociology
viewpoints are fundamental….



Modern Vaccine Hesitancy is a 
challenge for science which

MUST 
ADAPT 

!
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Traditional tool for public health 
planning & analysis
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• Mathematical models 

• Useful tool employed by public health 
agencies

• LIMITATION: human behaviour NOT
included. 

• Humans = molecules, contagion = 
chemical reaction



A new branch of Epidemiology:
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Behavioral Epidemiology

of Infectious Diseases



Aim & Features
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• AIM: investigating the impact of 
changes of behaviour in disease 
spreading. 

• Feature: BE is multi-disciplinary, 
math & stat EPI but also: economy, 
sociology & anthropology

• Feature: fundamental role of the 
diffusion of information



Example
• Spread of a diseases

• Spread of the information of on the 
epidemics

• People may change their behaviors at 
risk & their propensity to vaccinate

• The behavior impacts on the spread 
itself

• Etc…



Basic Tools
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• Role of memory (short or long)

• THEORY OF GAMES: The propensity to 
vaccinate is ruled by an imitation game 
(vaccination propensity increases 
depending on the information on the 
spread; it decreases depending on news 
and rumours on vaccine side effects)

• Irrationality as stochasticity

• Local vs Global Information



Basic Results
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• If vaccination is not mandatory & no 
awareness campaign is enacted: eradication 
impossible

• IN OTHER WORDS: spontaneous changes in 
favour of vaccination CANNOT fully 
compensate the fear of vaccine side effects

• If awareness campaign is included 
eradication seem possible



Measles Vaccination Italy

28

• (d’Onofrio et al, 2012) Increasing vaccine 
awareness -> rise of Vaccine uptake. 
However more effort needed to eradicate



Spanish Flu model by Bootsma & 
Ferguson
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• Risky behaviours decrease if disease-
related deaths increase in a given time 
interval of “public memory”

• Explain the impact of public health 
measures in various cities of USA during 
pandemics



Spanish Flu model by Bootsma & 
Ferguson
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Dark green curve: simulation of a scenario where 
no Public health measure are enacted



Influenza-Like-Illness during H1N1 
pandemics in Italy (Poletti et al)
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Data not fit by non behavioural model model
suggests: first phase of pandemics “prudent” 
behaviour was prevalent, later normal behaviour 
was prevalent



Summarizing:
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• Vaccine are victims of their success : preventing 
and containing epidemics is more complex now 
than in the past

• Planning of ID control strategies has to take into 
the account the role of human behavior: both 
in the propensity to vaccination and the daily 
behaviours at risk

• Vaccination campaign must be paired with 
vaccine awareness campaigns

• Behavioral Epi: new generation of 
mathematical and statistical models taking in 
account human behavior


