
Sieve Analysis: Statistical methods for
assessing differential vaccine protection

against HIV types

Biostat 578A Lecture 7

Research Goal: Develop statistical
methods for assessing from vaccine
efficacy trial data how vaccine protection
may depend on characteristics of the
various circulating HIV-1 strains
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Introduction to “Sieve” Analysis

• HIV-1 extremely diverse

• How broadly does a
candidate vaccine protect?

• Vaccine protection depends on which
characteristics of challenge virus? How so?



Phylogenetic Tree of HIV-1 Subtypes



2003 Global Map of HIV-1 Subtypes



Global Dist’n of HIV-1 Subtypes 1980-1999



Introduction

• Human trials of preventive vaccines against
heterogeneous pathogens

- hepatitis Szmuness et al. 1981
- cholera Clemens et al. 1991

van Loon et al. 1993
- rotavirus Lanata et al. 1989

Ward et al. 1992
Ukae et al. 1994

Jin et al. 1996
Rennels et al. 1996

- pneumococcus Amman et al. 1977
Smit et al. 1977
John et al. 1984

- influenza Govaert 1994
- malaria Alonso et al. 1994

• Some of these data summarized in
Gilbert et al. (2001, J Clin Epidem)



Introduction

• Often no quantitative statistical assessment of
type-specific vaccine efficacy

• When there is, the interpretation and validity
of the analysis is often unclear



Data

• Randomized vaccine trial

• Data collection

- Measure virus characteristics of
isolated virus from breakthrough
infections

- E.g., VaxGen trials obtained 3 sequences
from each infected participant, from
a blood sample drawn at infection diagnosis



HIV Sequence Data
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Viral Variation Structure

0 = vaccine prototype strain

1. Nominal categorical:

K+1 distinct strains in circulation
0, · · · ,K

2. Ordered categorical:

K+1 distinct strains in circulation
0, · · · ,K

- ordered from prototype strain 0

3. Continuous:

Each strain is a continuous distance from
prototype strain 0

• A vast number of meaningful ways to
structure pathogen variation



The Problem with Sieve Analysis

Each viral isolate is genetically unique (under close exami-
nation) so that 2×K +1 table is too sparse and unstructured
for meaningful analysis.

Solution: Add structure to the table

a) Categorize infecting strains into nominal groups
putatively related to strain-specific VE

E.g., categorize by

· subtype/clade

· phenotype (e.g., R5 vs X4)

b) Order infecting strains by putative
correlate of strain-specific VE

E.g., Order by some measure of similarity
to strain used in vaccine construction

· nucleotide or amino acid sequence

· protein character

c) Multidimensional viral feature



Categorical Model for Sieve Analysis

• Counts data

Infecting strains
1 2 · · · · · · K

Placebo
Vaccine

• Assume K +1 viral strains
in circulation

• Nominal or ordinal response



Multinomial Logistic Regression Model
(Cox, 1970; Anderson, 1972)

Pr(Y = s|x) =
exp{αs +β T

s x}

1+∑K

l=1
exp{αl +β T

l x}

s = 0, · · · ,K; α0 = β0 ≡ 0

• Generalized linear logit model

log

{
Pr(Y = s|x)
Pr(Y = 0|x)

}
= αs +β T

s x

• Interpretation of regression parameters:

βs = log
{

Pr(Y=s|vacc)
Pr(Y=0|vacc)/

Pr(Y=s|plac)

Pr(Y=0|plac)

}

= log{OR(s)}



Model Properties

• Minimal assumptions

• Estimation by maximum likelihood

• Exact methods an option

Hirji (1992, JASA, 87)

Computing Exact Distributions for
Polytomous Response Data



Strain-Specific Vaccine Efficacy

• Define “per strain-specific contact”
vaccine efficacy by V E pc(s) = 1−RRpc(s)

where

RRpc(s) =
Pr (Inf|Expos. to strain s,Vaccine)
Pr (Inf|Expos. to strain s,Placebo)

• RRpc(s) has an interpretation in
terms of biological vaccine efficacy



Prospective Interpetation of Regression
Model Parameters

Assumptions
1. Infection is possible from at most

one strain during follow-up

2. The relative prevalence of strains is
constant over time

3. Equal exposure of vaccine and control groups

4. Pr(Infection|Exp to strain s ,V ) = exp{α0s + γsV}

−→ βs = γs

(Proof in Gilbert, Self, and Ashby, 1998, Biometrics)
———————————————————————

• OR(s) = RRpc(s)
RRpc(0)

• βs = log
{

RRpc(s)
RRpc(0)

}

• βs−βt = log
{

RRpc(s)
RRpc(t)

}



Alternative Ordinal Categorical Model

• Cumulative strain categories model
(McCullagh 1980)

exp{βs} = Pr(Y>s|v)/Pr(Y>s|u)
Pr(Y≤s|v)/Pr(Y≤s|u)

= OR(> s), s = 1, · · · ,K −1

• Scored ordinal models

- replace βs with s×beta

- Scored models have increased precision, but
stronger modeling assumptions



Nonparametric Tests for Differential VE

Null hypothesis: all OR(s) = 1

• Nominal categorical: Likelihood ratio
Chi-squared test (Armitage 1971)

• Ordinal categorical: test for trend in strain-
specific odds ratios (Breslow and Day 1980)

• Multiple vaccine dose groups

- Kruskal-Wallis test
- Linear-by-linear association test

• Exact tests: StatXact software



Parametric Tests for Differential V E

• MLR or cumulative categories

Null hypothesis: all βs = 0

- likelihood ratio Chi-squared test
- Zelen’s test (1991)

Finer null hypothesis: a subset of β ′
ss = 0

• Categorical scored models
Null hypothesis: β = 0

• Continuous model
Null hypothesis: β = 0

- likelihood ratio, Wald, and score test




