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Overview/Summary

@ Introduction to vaccine effects
© Vaccine effect on susceptibility
© Vaccine effect on infectiousness

© Study designs for vaccine effects
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Learning objectives

At the end of this presentation, attendees will be able to:
@ Describe the difference between vaccine efficacy and vaccine
effectiveness studies
@ Describe the impact of vaccines on microbial transmission
@ Describe the difference between unconditional and conditional
vaccine effect measures
@ Describe the study designs for dependent happenings

3 UC Berkeley Center for Infectious Disease Preparedness Measuring vaccine effects on infectious diseases



Introduction to vaccine effects

Immunization

@ Natural infection
@ Passive immunization (immune globulin)

@ Active immunization (vaccination)
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Introduction to vaccine effects

Vaccine types

Live, attenuated vaccine (MMR, oral polio)
Inactivated “killed” vaccines (hepatitis A)
Toxiods (Tetanus)

Subunit vaccines (Pertussis)

Conjugate vaccines (H. influenzae B; S. pneumoniae)

Recombinant vaccines (hepatitis B)
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Introduction to vaccine effects

Vaccine development

Preclinical studies
Phase |: Dose finding and safety
Phase II: Safety and immunogenicity trials

Phase Ill: Vaccine efficacy trials
Post-licensure studies

@ Surveillance (disease, adverse effects)
@ Vaccine effectiveness studies
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Introduction to vaccine effects

Type of vaccine effect studies

o Efficacy (Does it work?)
o Effectiveness (Does it really work?)

@ Efficiency (Which is more cost-effectiveness?)
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Introduction to vaccine effects

Essential design feature of vaccine effect studies

Vaccine Study Design* Vaccine-preventable Outcomef
Lab-confirmed Non-lab confirmed

Experimental Efficacy Effectiveness

Observational Effectiveness Effectiveness

*

vaccine exposure is randomly assigned or not

1 e.g., influenza-like illnes, hospitalization, or death
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Introduction to vaccine effects

Potential vaccine impacts are several

Effective reproductive number Infection rate among susceptibles
R = Rox = cpdx IR(t) = cpP(t)

Control points Control strategies

Contact rate (c) 1. Reduce contact rate

Prob. source infectious (P) 2. Reduce P(source infectious)
Transmission prob. (p) 3. Reduce infectiousness
4.
5.

Reduce susceptibility
Interrupt transmission
Duration infectiousness (d)  (see #3)
Fraction susceptible () 6. Increase herd immunity
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Vaccine effect on susceptibility

Vaccine effect measure

Ry — Ry
VE= o
T R
—1-RR

where R is a “risk” measure, and RR is a “relative risk’ measure
comparing vaccinated to unvaccinated
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Introduction to vaccine effects

Vaccine effect on suscepti
Vaccine effect on infecti S
Study designs for vaccine effects

Unconditional VE on susceptibility (V' Es)

General formula

VEs—1_ R(vaccinated people)

R(unvaccinated people)

Incidence rate

IR A1

VE =1-
S, IR TRas
Cla

VE =1-
5,CI Cla
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Introduction to vaccine effects
Vaccine effect on susceptibility
Vaccine effect on infectiousness
Study designs for vaccine effects

Incidence (infection) rate among susceptibles

Standard definition

TR(AL) = Number of new infections duringAt

Person-time at risk duringAt

Definition by components
TR(t) = ¢;pij Pj(t),

where ¢; is the average contact rate of susceptible hosts (with
vaccination status j) with a potentially infectious source, P;(t) is
the probability that the potential source is infectious, and p;; is the
probability of transmission to the susceptible host given contact
with the infectious source (with vaccination status 7).
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Vaccine effect on susceptibility

Transmission probability depends on

@ Infectious case
@ Susceptible host
@ Contact definition

@ Microbial agent
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Vaccine effect on susceptibility

Unconditional VE on susceptibility (V' Es)

Incidence rate

IR A
VEsir=1-—
IR A0
_q_ apaBi(t)
copeoPo(t)
~1-— Pet
Pe0
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Introduction to vaccine effects
Vaccine effect on suscepti
Vaccine effect on infecti
Study designs for vaccine efl

Conditional VE on susceptibility (V Eg)

Transmission probability ratio

VEg,=1- i (1)
_,_SARa
~ ' SAR.,

where SAR is the secondary attack risk.

@ Secondary attack (case-contact) risk (measles, pertussis)
@ Binomial model (HIV)
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Vaccine effect on susceptibility

Conditional VE on susceptibility (V Eg)

Transmission probability ratio

VEs,—1-2

Poo
SARp

— il —
SARy

when the vaccination status of the infectious case is known.
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Vaccine effect on infectiousness

Conditional VE on infectiousness (V Ey )

Transmission probability ratio

VE,=1-210
Poo

_,_ S4Ry

B S ARgg

when the vaccination status of the infectious case is known.
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Vaccine effect on infectiousness

Conditional VE on susceptibility & infectiousness (V Er,,)

Transmission probability ratio

VEp,=1-2

DPoo
S ARH

~ SARg

when the vaccination status of the infectious case is known.
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Study designs for vaccine effects

Study designs in epidemiology

@ Experimental
@ Observational
o Cohort

@ Case-Control
@ Case-Cohort
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Introduction to vaccine effects
Vacci ct or tibility
Va effect on infectiousness
Study designs for vaccine effects

Study designs for depending happenings

Dependence happening . ..

are those in which incidence depends on prevalence. Consequently,
interventions have direct and indirect effects.

Direct effects

Protective effects in the person receiving the treatment

Indirect effects . ..

result from the change in transmission of an infectious agent in a
population because of an intervention program
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Study designs for vaccine effects

Direct effects of a vaccination program

Definition

Difference between the outcome in a vaccinated individual
compared to an unvaccinated individual in same population
receiving the vaccination program
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Study designs for vaccine effects

Indirect effects of a vaccination program

Definition

Difference between the outcome in an unvaccinated individual in a
population receiving the vaccination program compared to an
unvaccinated individual in a different comparable population not
receiving the vaccination program
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Study designs for vaccine effects

Total effects of a vaccination program

Definition

Difference between the outcome in a vaccinated individual in a
population receiving the vaccination program compared to an
unvaccinated individual in a different comparable population not
receiving the vaccination program
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Study designs for vaccine effects

Overall effects of a vaccination program

Definition

Difference between the outcome in an average individual in a
population receiving the vaccination program compared to an
average individual in a different comparable population not
receiving the vaccination program
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Study designs for vaccine effects

Study designs for effects on dependent happenings

Population A Population B

Design |l |
(overall)

Nonvacci- Nonvaccinated

nated

Design | Design lla
(direct) (indirect)

Vaccinated

Design lIb
(total: direct & indirect)

25 UC Berkeley Center for Infectious Disease Preparedness Measuring vaccine effects on infectious diseases



Study designs for vaccine effects

Parameters for measuring vaccination effects

Comparison groups & effect
Level Susceptibility Infectiousness Combined

| 1 — Poi 1 — Pw 1 — Pu
Poo Poo Poo

Study design

| A 1B 11
Direct Indirect Total Overall
0 1 — 1B 1 — LB 1 IRa1  q _ IRaao
TR a0 IRpo IRpo IRpo
_Cixn _ Clao _ Cla _ Claigao
v 1 Clao 1 Clpo 1 Clpo 1 Clpo

26 UC Berkeley Center for Infectious Disease Preparedness Measuring vaccine effects on infectious diseases



Study designs for vaccine effects

Studying determinants of influenza transmission

Host factors
Constitutional

« Age

« Gender

Behaviors:

« Contact with infectives

Determinants
of influenza
infection

Social, structural factors
Household & social networks

« Size

+ Composition

« Local herd immunity
Community

» Hand hygiene, hand awareness < N
« Travel, social distancing, etc N . rr‘\?lrurgf\;&ai:\#::\:r;ling
Health Stalqg (time varying) . « Transportation access
+ Comorbidities Virus factors Occupational exposures
 Functional Status * Subtypes/Strains Health care providers
Sl:/scepnbtl_llly tat * Virulence « Propensity to vaccinate
* Vaccination status « Match to vaccine . "
. > state Propensity to test for flu
Receive Immune Exposure Influenza Seek Care Hospitali- Death
Vaccine Response & Infection Disease (outpatient) zation

Causal pathway

A

A

A

Random error (chance)
+ Sample size calculations
+ Measurements (Lab, Case

& control definitions, Surveys)

Systematic error (bias)
» Sampling & recruitment
* Measurements (Lab, Case
& control definitions, Surveys)

Confounding

« Established determinants

« Individual matching

« Statistical methods (old & newer)

Reducing threats to validity

er for Infectious Disease Preparedness




Study designs for vaccine effects

Simonsen's ‘bias detection framework' for influenza VE
studies

@ Seasonality

@ Vaccine match

o Severity

o Age

@ Endpoint specificity
PMID: 17897608
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Study designs for vaccine effects

Simonsen's ‘bias detection framework' for influenza VE
studies

Table: Identifying residual bias in influenza VE studies of elderly people

Setting of greater Setting of lower
expected RR reduction expected RR reduction
Seasonality Influenza period Pre-influenza periods
Vaccine match  Well-matched season Mismatched seasons
Severity Severe seasons Mild seasons
Age Younger people Older people
Specificity High-spec. endpoints Low-spec. endpoints
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Study designs for vaccine effects

Overview/Summary

@ Introduction to vaccine effects
© Vaccine effect on susceptibility
© Vaccine effect on infectiousness

© Study designs for vaccine effects
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