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Introduction

A The two public health interventions with
the greatest impact are

I clean water
I vaccination

A Vaccination is the most effective medical
Intervention in the world
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Immuneresponse to
vaccination

Antibody response

Primary immune
response, slow
to build up and
not very strong.
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Active immunisation

1949 Childhood vaccination programme
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Active immunisation

1955

Poliovaccine (IPV)
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The Danish Childhood Vaccination Programme

Vaccineagainst Introduction
Diphteria (Di/di) 1949
Tetatanus (Te) 1950
Polio (Pol) 1955
Pertussis (Ki) 1961
Measles (M) 1987
Mumps (F) 1987
Rubella (R) 1987
Haemophilus Influenza B (HIB) 1993
Pneumococcus (PCV7) 2007
HPV (HPV) 2008/9




DiTeKiPotHib + PCV13
DiTeKiPotHib + PCV13
DiTeKiPotHib + PCV13
MFR 1

MFR 2 (cohort 2004 ->)
diTeKiPol booster
MFR 2  (cohort 1996 -> 2003)
HPV x 3 (cohort 1993 -> 1995)




Vaccines

A Vaccine component A Adjuvant

I Live attenuated I Aluminium
A MFR i Cationic Adjuvant
A Yellow fever Formulations (CAF)
A Varicella i Others

I Inactivated
A Influenza
A Polio

i Subunit A Preservatives
A Hepatitis B i Thiomersal
A HPV i Formaldehyd
A HIB i Antibiotics

I Toxoid
A Tetanus

A Difteri



Administration

A Intramuscularly, subcutaneously, intradermally
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A Oral

A Intranasal

A Future




Prevention by vaccination

A To individuals with an increased risk og
Infection or severe outcomes of infection
(health status, occupation, travel etc.)

A Routinely to a certain population
(eg. the childhood vaccination programme, the
Influenza vaccination programme)



Disease transmission

R, reflects the transmission
potential of a contagious
disease

R, Is the average number of
Individuals one infectious
person will transmit the
disease to in a susceptible
population

I:\>O: 15/10=1,5
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Herd immunity

X R, Is the average number of secondary casesina susceptible
population

x Risthe number of if the proportion, p, is immune

R=R,i (p A)R

x If the number of secondary cases should be below 1, then
Roi (p H<R
P>R 7T 1)/)R,=1 1T 1/R,

x If R, =15, what should the proportion, p, of immune be to avoid
epidemics ?
p>1-1/15=0.94

>

¢ The higher R,, the higher proportion of immune are needed to
revent transmission

()]




Basic reproductive number

Critical vaccination

Ro coverage for eradication

Measles 16-18 96%
Whooping cough 16-18 90 -96%
Chicken pox 10-12 85-90%
Mumps 11-14 85-90%
Rubella 6-7 82-87%
Poliomyelitis 6-7 82-87%
Smallpox 4-7 70-80%
SARS 2-37

Influenza 2-3 7



Herd
Immunity

» Vaccination ofa certain
proportion of the

population reduces the
transmission of infection
even if the microorganism
Is still there

» The proportion of the
population who is immune
protects the susceptible in
the population eg.  those

who do not respond to
vaccination

in whom the vaccination is
contraindicated

who do not want vaccination =

—~

|
= not immunized but f )\, = immunized and = not immunized,
still healthy [\ healthy sick, and contagious




Herd immunity
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Figure 1: Trends in Invasive pneumococcal disease in England and Wales (2000-10), by age group

Without correction for underlying trends in case ascertainment (A). With correction for underlying trends in case ascertainment (B). Data are adjusted for missing serotype or age and for changes in

population denominators.

PCV/ was introduced in september 2006 in UK
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1. Unvaccinated population 2. Vaccinated population
(before introduction of vaccine) (after introduction of vaccine)

l Overall ,/\

VE = (1- (2A,2B) / 1A) x 100

2A. Hazard | 2B. Hazard
of disease in | of disease in
unvaccinated | vaccinated

individuals individuals

1A. Hazard of
disease in

unvaccinated

individuals

Indirect

T

VE = (1-2A/1A) x 100 t Direct 4

VE = (1 - 2B/ 2A) x 100

Total

VE = (1-2B/1A) x 100

From: Direct, Indirect, Total, and Overall Effectiveness of the Rotavirus Vaccines for the Prevention of

Gastroenteritis Hospitalizations in Privately Insured US Children, 20077 2010

Am J Epidemiol. 2014;179(7):895-909. doi:10.1093/aje/kwu001
Am J Epidemiol | © The Author 2014. Published by Oxford University Press on behalf of the Johns Hopkins Bloomberg School of

Public Health. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com.



Definition Vaccine Efficacy

A Efficacy

| IS the direct protection to a vaccinated
Individual as estimated in a regular
randomized placebo -controlled trial

I Selection bias is eliminated, the only difference
between the two groups is the vaccine status
A Effectiveness

I IS an estimate of direct protection in the field
study post licensure

I Selection bias is often a concern



Clinical trials
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Thousands of

1,000-3,000 participants
20.80 100-300 participants
= % - participants
articipan
P B One (1) - One (1) year +
our (4) yea
Up to several months Up to (2) years Four (4] years
Studies the safety of Studies the Studies the safety, Studies the long-term
medication/treatment efficacy efficacy and dosing effectiveness;
cost effectiveness
70% success rate 33% success rate 25-30% success rate 70-90% success rate

Licensure



Study design (VE)

A Experimental (phase 3)
I Randomized Control Trial

A Observational (phase 4)
I Cohort study

I Case -control
ATraditional case -non case control
ATest negative case control

I Screening



Cohort design

A Compare risk of disease in vaccinated and
unvaccinated groups

A The population at risk needs to be defined

I Certain age groups, individuals with or without
specific diseases, children belonging to certain
school districts etc.

I No previous history of disease (susceptible)
and equally exposed to infection



VE In a cohort study

No. of No. of 100 No. of Incidence /
person-days person-years cases 100 person years
Vaccinated 2,354,321 64.5 37 0.57
Un-vaccinated 758,646 20.8 74 3.56

AVE=1 -RR=1 - 0.57/3.56 = 84%



Test negative case -control

Controls are individuals testing negative for
the disease

FLU + FLU-
Vaccinated 17 (a) 159 (b)
Unvaccinated 263 (c) 713 (d)

OR = [a/c]/[b/d] = [17/263] / [159/713]
= 0.29

VE=1-OR =1 -0.29=0.71 =71%



Screening method

A For use with surveillance data | population
vaccine coverage known

A Compare coverage in cases with population

VE= PPViI PCV PPV: populationvaccine coverage
PPV (1-PCV) PCV: vaccine coverage in cases

A Coverage must relate to the same population as
cases (so stratify by age etc)

A Cannot adjust for confounding variable unless
population coverage stratified by that variable



Screening method  (2)

Cases Vaccinated =5 /53 (0.094 or 9.4%)
Coverage = 0.69 (69%)

VE=1 - PCVx(1-PPV)
(1-PCV)PPV)

= 1- 0.094 1 (1-0.69)
(1-0.094) | 0.69
= 1 - 0.094 1 0.31 =0.953 =95.3%

0.906 1 0.69



Calculation exercise

RAPID COMMUNICATIONS

Low vaccine effectiveness against influenza A(H3N2)

virus among elderly people in denmark in 2012/13 - a
rapid epidemiological and virological assessment

K Bragstad®?, H D Emborg?3, T K Fischer!, M Voldstedlund?, S Gubbels3, B Andersen?, K Mglbak?, T G Krause (TGV@ssi.dk)?
1. National Influenza Centre, Department of Microbiological Diagnostics and Virology, Statens Serum Institut, Copenhagen
2. These authors contributed equally to the work and share first authorship

3. Department of Infectious Disease Epidemiology, Statens Serum Institut, Copenhagen

Citation style for this article:

Bragstad K, Emborg HD, Kelsen Fischer T, Voldstedlund M, Gubbels S, Andersen B, Mglbak K, Krause TG. Low vaccine effectiveness against influenza A(H3N2) virus
among elderly people in Denmark in 2012/13 — a rapid epidemiological and virological assessment. Euro Surveill. 2013;18(6):pii=20397. Available online: http://
www.eurosurveillance.org/ViewArticle.aspx?Articleld=20397



Aims of Vaccination
Programme

A Eradication 7 disease and causal agent removed
worldwide (e.g. Smallpox)

A Elimination 1 disease disappeared from one
WHO region but remains elsewhere (e.g. Polio)

A Containment i the point at which the disease
no longer constitutes a significant health problem
(e.g. Hib)



A In 1979 smallpox was
declared eradicated by
WHO

I Only humans affected,
no animal resevoir

I No asymptomatic
carriers

I ROof5
| Effective vaccine




Polio

WHO had a target of
eradication in 2000

postponed to 2018

A In 2002 Europe was
declared free of polio

A 1/200 cases are
asymptomatic

A Oral polio vaccine (OPV) is
live attenuated, can cause
disease

A Has to be replaced with
inactiveted polio vaccine
(IPV) in 2016/2017

A RO5-7

POLI

GLOBAL
ERADICATION
INITIATIVE




Vaccination Programmes

ATA

A Has the disease a A What are the side
serious public health effects?
. ,) |
Impact: A Can the vaccine be

A How effective is the given together with
vaccine? other vaccines?

A s it cost-effective to A Ethical considerations?

vaccinate?



Other considerations

A Can vaccination have
longterm consequences?
I Replacement
I Postponing disease to older
agegroup
I Lack of natural boosting

A Can we monitor the
programme?



Survelllance

A Vaccinationcoverage

A The illness orthe pathogen that you
vaccinate against

A Serosurveys

A Side effects



Side Effects

A As all other pharmaceutical products vaccines may
cause side -effects

A Vaccines are not used for treatment of ill
iIndividuals but givento healthy individuals to
prevent disease

A Vaccines need to be safe!l



Side Effects

A Among the 0 -2 year old children congenital
neurological and developmental are defects are
often diagnhosed

A Children wil often have infections which may
occur after vaccinations

A Risk of association between vaccination and
disease intime which may not be causal!
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