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Dear Colleagues,

Please join me in
congratulating and wel-
coming Rob Kempton
(British Region) as
incoming Vice-President
and President-elect of
the International Bio-
metric Society! Cur-
rently Director of

Biomathematics and Statistics Scotland,
Rob has long worked in biological
research. He has been very active in the

IBS, serving terms as Regional Secretary
and President of the British Region, as
member of the International Program
Committee and as Chair of the Awards
Committee. He maintains a keen interest
in promoting membership in the
developing world. I look forward to
working with Rob, Jeff Wood (Australasian
Region, just re-elected IBS Treasurer) and
others on the Executive Committee on
the many important issues that confront
us. See the General Secretary’s column for
further results of the recent Council ballot.

IBC2002 in Freiburg is behind us and, by
all accounts, it was an outstanding
success! The scientific program and
conference venue were both wonderful.
(My only regret is that administrative
duties precluded my attendance at many
interesting sessions.) Since reports of the
Conference appear elsewhere in these
pages, I limit myself here to expressing
once again the immense gratitude of the
Society for the unflagging efforts of
International Program Committee Chair
Robert Curnow and Local Organizers

Norman Breslow opened his address at
the IBC2002 by noting that
econometricians Daniel McFadden and
James Heckman won the 2000 Nobel

For the President’s Corner, Norman Breslow offers a summary of his insightful and provocative Presidential Address at IBC2002 in
Freiburg, Germany

Are Statistical Contributions to Medicine Undervalued?
Prize in Economics for their work on
discrete choice models and selection
bias. Statisticians and epidemiologists
have made similar contributions to

medicine through work on case-control
studies, analysis of incomplete data, and
causal inference. In spite of repeated
nominations of such eminent figures as
Bradford Hill and Richard Doll, however,
the Nobel Prize in Medicine has never
been awarded for population science.

Reprinted with Special Permission of King Features Syndicate.

Figure: Exposure definition, outcome definition, link function,
sources of uncetainties
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Realism, Generality, Precision: Legitimate vs
Illegitimate Simplifications

Figure: Paradigm “tension”
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Useful quotes

Far better an approximate answer to the right
question, which is often vague, than an exact
answer to the wrong question, which can always
be made precise (John W. Tukey).

No matter how beautiful your theory, no matter
how clever you are or what your name is, if it
disagrees with experiment, it’s wrong (Richard
Feynman).

Entities should not be multiplied beyond
necessity (Occam’s Razor)
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Parameters of interest

Figure: Basic parameters (Grassly 2008)
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R0 as a threshold parameter

R0 < 1

pc =
R0 − 1

R0
= 1− 1

R0



EID

CJ Struchiner

Reasoning

Reasoning
Infectious
Basics

Example

Epidemiological Categories

Incidence Rates

Recovery Rates

Immunity Rates

Demographic Rates

Intervention

Epidemiological Reasoning

Figure: Estimating R0 (Grassly 2008)
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Malaria Life Cycle

Figure: Example: biology of malaria
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Epidemiological Translation of the life cycle:
epidemiological categories

Figure: Morbidity, immunity, and degree of infectiousness
(super-spreader), distribution clusters
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Epidemiological Translation of the life cycle:
incidence rates

Figure: Dependence on the number of previously infected,
vector density, vector competence, superinfection, within host
competition, bottlenecks, incomplete immunity.



EID

CJ Struchiner

Reasoning

Reasoning
Infectious
Basics

Example

Epidemiological Categories

Incidence Rates

Recovery Rates

Immunity Rates

Demographic Rates

Intervention

Epidemiological Translation of the life cycle:
recovery rates

Figure: Dependence on parasite load, immune memory,
superinfection, within host competition, bottlenecks.
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Epidemiological Translation of the life cycle:
rates of acquisition and loss of immunity

Figure: Phenomena in various levels, time delays, immune
boosting.
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Epidemiological Translation of the life cycle:
demographic rates

Figure: Migration, seasonality, age structure.
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Mechanisms of action and intervention
delivery

Figure: Infection blocking, disease modifying, and transmission
blocking; pulse, continuous, campaign
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Model Equations

∂x1

∂t
= δ + R1(r1, z1, z2)y2 − (λ1 + δ)x1 + ∆3(t)

∂x3

∂t
= R2(r2, z3)y3 − (λ2 + δ)x3 − ∆3(t)

∂y2

∂t
= λ1x1 − [A1(α2, z1, z2) + R1(r1, z1, z2) + δ] y2

∂y3

∂t
= λ2x3 + A1(α2, z1, z2)y2 − [R2(r2, z3) + δ] y3

y1 =
1− e−z1

1− e−(z1+z2)
y2, λi = m3(t − N1)abi

∂z1

∂t
= λ1 − α1z1,

∂z2

∂t
= α1z1 − r1z2,

∂z3

∂t
= λ2 − r2z3

R1 = r1z2
e−(z1+z2)

1− e−(z1+z2)
, R2 = r2z3

e−z3

1− e−z3

A1(α2, z1, z2) = α2

“
1− e−(z1+z2)

”
∆3(t) =

(
R2(r2, z3, t − τ)y3(t − τ) + (f − b2)he(t − τ)

"
x3(t − τ)− b2

Z t−τ

t−τ−N1
he(u)x3(u)du

#)
e−(h̄b+δ)τ

h̄b =

Z t

t−τ

hb(u)

τ
du, hb(t) = m3(t)af , b2 ≤ f ≤ 1

[?]
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Glossary

A1 rate at which immunity to P. falciparum infection is acquired by a human host

b1 prop. of bites by infec. mosquitoes on neg. nonimmune hosts actually resulting in infec.

b2 prop. of bites by infectious mosquitoes on neg. immune hosts actually resulting in infec.

f boosting factor (prop. of bites by infec. mosq. on immune hosts that boost immunity)

he entomologic inoc. rate (EIR): # of P. falciparum infectious bites per human per day

N1 P. falciparum parasitemia incubation period in humans (in days)

r1 rate ctt of elimination of a brood of parasites by nonimmune positive hosts (in days−1 )

r2 rate constant of elimination of a brood of parasites by immune positive hosts (in days−1 )

R1 recovery rate for nonimmune positive individuals (in days−1 )

R2 recovery rate for immune positive individuals (in days−1 )

X1 proportion of nonimmune negative (i.e., naive) individuals in the population

X3 proportion of immune negative individuals

Y1 proportion of nonimmune positive individuals potentially infectious for mosquitoes

Y2 proportion of nonimmune positive individuals

Y3 proportion of immune positive individuals

z1 average number of infectious broods of the parasite per nonimmune positive human host

z2 average number of noninfectious broods of the parasite per nonimmune positive human host

z3 average number of noninfectious broods of the parasite per immune positive human host

α1 recovery rate from infectiousness to mosquitoes among nonimmune positive hosts (in days−1 )

α2 maximum rate at which immunity to P. falciparum infection can be acquired (in days−1 )

δ death and birth rate in the human population (in days−1 )

∆3 daily fraction of immune negative subjects losing immunity

λ1 infection rate for nonimmune negative subjects (probability per day of such a subject’s becoming infected)

λ2 infection rate for immune negative subjects (probability per day of such a subject’s becoming infected)

τ time delay needed for an immune host to lose immunity in the absence of exposure to infection (in days)
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Measure of intervention efficacy

In the lab:

In the field:

V, E, PE
KC, UC

NV, E,PE
KC, UC

V, E?, PE?
KC, UC

NV, E?, PE?
KC, UC

# of cases # of cases

# of cases # of cases

V, NV - treatment (vaccination)
E, PE - transmission level, previous exp
KC, UC - known and unknown covaritates
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Challenge: Exposure to infection

Susceptible
exposed 

to
infection

endpoint
of

interest

λ e λ 0

Susceptible
exposed 

to
infection

endpoint
of

interest

λ e λ v

un
va

cc
in

at
ed

va
cc

in
at

ed

λ t

λ t
v

Design:
             Double-bind randomized trials
             Full Cohort
             Cohort Sampled on V and/or E and/or X
             Case-control Sample on Endpoint of Interest and Possibly on X and/or E
             Sample size

Population whose 
individuals have
vaccine status V
and covariates X

Exposure
to

Infection
E

Causal Response Model
f(endpoint of interest | V, X, E)

Analysis: Estimate f 
and especially the
role of V given E

Vaccine Allocation,
the role of 

randomization

1
2 Exposure Bias 3

4

5

Principles of Validity

Missing Latent Structure

Mis-modeling of Available Measurements

9

10

Missing Data

Errors in Measurement

6

7

8

Discrimination of Epidemiologic Categories of Relevance

Heterogeneity

Choice of Measure of Disease Frequency

A B C

D

Figure 1

v
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Study designs for dependent happenings

Cad. Saúde Públ., Rio de Janeiro, 10 (supl. 2): 310-326, 1994 319

Malaria Vaccine

define four study designs based on different

pairs of comparison populations and the type

of effect they are intended to evaluate

(Struchiner et al., 1990; Halloran &

Struchiner, 1991). One assumes a population

A in which an intervention program takes

place, and a population B, identical but

separate from A in all aspects relevant to the

transmission dynamics, in which no

intervention takes place. Data on baseline

transmission collected prior to the

intervention could play the role of

population B. In study design I, one

intends to estimate direct effects. Vaccinated

and unvaccinated are assumed to be

subjected to the same exposure to infection

since they are exposed to the same population

of mosquitos, however, the actual level of

exposure to infection might be known or not.

In study design IIa, the nonvaccinated in

population A is compared to the

nonvaccinated in population B. This design

estimates the indirect effects caused by

changes in level of transmission due to

vaccination. Study design IIb estimates both

effects, direct and indirect, simultaneously.

Design III takes the perspective of the

population comparing overall rates in the

vaccinated population A to unvaccinated

population B. Each study design interprets in

a different way the answer to the principle of

exchangeability.

FIGURE 3. Study Designs for the Evaluation of the Different Effects of a Vaccine

POPULATION A POPULATION B

DESIGN III

DESIGN IIa

DESIGN IIb

DESIGN I

overall

indirect

direct + indirect

direct

Vac Nonvac Nonvac

Figure: Direct, indirect and overall effects
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Behavior of common measures of
intervention efficacy

Figure: The behavior of common measures of association
under a complex disease transmission pattern.
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Hierarchical interpretation of common
measures of efficacy

74 Halloran et al.

TABLE 1. Parameters used

Level Parameter
choice

for measuring various

Susceptibility

effects of vaccination*

Comparison groups and effect

Combined change in
Infectiousness susceptibility and

infectiousness

Conditional on exposure
to infection:

Transmission probability, p + - 1 - —
Secondary attack rate s " ~ p00

(SAR)

VE, = 1 - —
'•" Poo

VEro = 1 - —
Poo

Unconditional:

II Incidence rate (IR)

Hazard, A.

Ill Proportional hazards

IV Cumulative incidence

Attack rates (AR)

(PH)

(Cl)

VEalR

V E «

I
direct

= 1 -

VES,PH = 1

VESCI = 1 -

IRAI

IRAO

* - A 1

^ • A O

- e *

CI A 1

CUo

IIA
indirect

NAf

VE,1 A .C I = 1 -

Study design

MB
total

I R
 vtiiB.iR - i

XA0

x«, VE|IM

NA

i f VE-.c,=1-

IRAI

IRBO

xM

^BO

CIBO

VEM | t n _ 1

V E | | I X = 1

III
overall

aA 1 +

NA

rciA) 4

- (1 -

IRBO

(1 -

Xeo

- ( 1 -

CIBO

OIRAO

O^AO

OCIAO

* From Halloran et al., Am J Epidemiol 1997;146;789-803. Reproduced with permission. The subscripts 0 and 1 denote unvaccinated and
vaccinated people, respectively. Population A contains both vaccinated and unvaccinated people. All people in population B are unvaccinat-
ed (see figure 3). The subscripts S, /, and T denote susceptibility, infectiousness, and combined effects, respectively. The Cox proportional
hazards estimator is denoted by epi. Time has been omitted from the table for notational clarity.

t VE, vaccine efficacy/effectiveness; NA, not applicable.

short incubation periods, disease is used as the out-
come of interest in vaccine trials rather than infection.
Becoming infected results with some probability from
contact with an infectious source, while developing
disease depends on the within host interaction subse-
quent to successful infection. In many vaccine studies,
the distinction between infection and disease as out-
come is not made. Studies with either of these out-
comes are sometimes used to measure vaccine efficacy
for susceptibility (VES) (third column, table 1), though
the distinction between infection and disease should
always be kept in mind.

Another measure of effect evaluates the degree of
protection once a person has become infected. We call
this vaccine efficacy for progression (VEP) (not in
table 1). With infectious agents that have long incuba-
tion periods, such as tuberculosis or human immuno-
deficiency virus (HIV), evaluation of this sort of effect
is particularly important. Another example of VE/. is
the comparison of the degree of illness conditional on

becoming sick. For example, vaccinated persons who
contract chickenpox generally have much milder dis-
ease than unvaccinated persons who contract the same
disease.

The main distinction between VE5 and VEP is that
studies to estimate VE5 evaluate susceptibles and the
exposure to infection would need to be taken into
account. Studies to estimate VEP are conditional on
the participants already being infected, so the pro-
gression within infected individuals is important.
Studies to evaluate VES that use disease as an outcome
often do not differentiate the protective effects against
infection and against disease conditional upon infec-
tion. Nonlinearities of the pathway from infection to
manifest disease could mean that the efficacy as mea-
sured by the observed outcome would be quite differ-
ent from the biologic efficacy if it could be measured
along the pathway (7). The difference should be kept
in mind when designing, analyzing, and interpreting
the study.

Epidemiol Rev Vol. 21, No. 1, 1999

Figure: Interpretation of efficacy measures
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Causal inference for infectious diseases

All Non-vaccinated All Vaccinated Fraction Vaccinated = 2/6 Fraction Vaccinated = 2/6 Fraction Vaccinated = 3/6
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