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Overview of Talk
• Why a talk about biomarkers in vaccine R&D?

• Biomarkers in vaccine development (by example)
– Rotavirus:  efficacy trial endpoint specificity

– Human Papilloma Virus: specificity, surrogacy and time

– HIV: Detecting weak efficacy signals

• Biomarkers in vaccine discovery research
– Reverse vaccinology

• Discussion
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Introduction

• What is different about biomarkers in prophylactic 
vaccine trials for infectious diseases?
Answer 1: The Bugs              Bug genomic biomarkers

• Specificity in concept and measurement of “non‐self”

• Clear focal point in causal pathway to disease

Answer 2: The Vaccines            Immune response biomarkers*
• The bug as a prototype for vaccine construct

• Response to natural infection a blueprint for mechanism of 
protective vaccine 

• Catalog of highly efficacious vaccines against a variety of bugs

*  Ph I/II trial endpoints, immune correlates of risk, surrogate
endpoints in vaccine efficacy trials, basis for 
licensure
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Introduction

• What is different about biomarkers in prophylactic 
vaccine trials for infectious diseases?
Answer 1: The Bugs              Bug genomic biomarkers

• Specificity in concept and measurement of “non‐self”

• Clear focal point in causal pathway to disease

I will focus on bug genomic biomarkers in situations where 
• Access to relevant biological specimens and assay technology 

provides high sensitivity to detect bug presence and 

• Genomic sequencing provides exquisite specificity to bug type
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Bug biomarkers add specificity to clinical 
endpoints in vaccine efficacy trials

• Each trial endpoint is annotated or “marked” 
with presence/absence indicator and, if present, 
the genomic sequence of bug



Rotavirus
Acute GastroEnteritis (AGE) is the second leading 
cause of mortality in children younger than 5 
accounting for 1.9M deaths annually (19% of all child 
deaths)….   98% of these deaths occur in the 
developing world.

Multiple causes of AGE including viral, bacterial and 
parasitic infections and exposure to toxins.

Rotavirus‐associated AGE (RAGE) accounts for about 
40% of childhood hospital admissions and 30% of 
deaths due to AGE

Two licensed rotavirus vaccines exist, 
Rotateq (Merck) and Rotarix (GSK), that 
have >90% efficacy in preventing severe 
RAGE in the developed world but have 
only 30‐40% efficacy in the developing 
world….   WHY? 
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Worldwide, children younger than 5 years experience an estimated 1.4 billion episodes of diarrhea each year, leading to 123 million clinic visits, 9 million hospitalizations, and 1.87 million deaths, with more than 98% of these deaths occurring in the developing world.4,1
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Rotavirus

• Vaccine efficacy trial primary endpoint composed of:
– Clinical diagnosis of severe AGE (specifics depend on 
setting)   plus

– Biomarkers for presence (and type) of rotavirus in stool 
• binding rotavirus‐specific antibody (serotype) and 

• RT‐PCR assay for rotavirus specific genetic sequence (genotype)

• Analyses of efficacy trial data 
– Primary:  % reduction in rates of RAGE

– Secondary: 
• % reduction in rates of AGE

• % reduction in rates of type‐specific RAGE



Cumulative hazard of RAGE

V

P



Type‐specific Vaccine Efficacy



Year 1

Year 2

Vaccine efficacy varies by serotype

Distribution of circulating serotypes varies 
over time (possibly dependent on vaccination)

How to define efficacy endpoints and 
trial designs that deliver compelling evidence
for vaccine efficacy that is robust to temporal
variations in serotypes?



HPV
More than 30‐40 types of human papilloma virus (HPV) are 
sexually transmitted and establish productive infections of 
stratified epithelial cells of skin or mucosa. Most (90%) HPV 
infections in young females are cleared within in 2 yrs. 

When persistent infection with (14+) specific types of 
HPV occurs there is a high risk for development of 
precancerous lesions that can then progress to invasive
cervical cancer over a 15‐20 year time period.

There are 500,000 cases and 270,000 deaths due
to cervical cancer per year world wide.

There are two licensed HPV vaccines that prevent 
persistent infection with HPV Types 16 and 18 to 
which 70% of cervical cancer cases are attributable.
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Similar but more complex problem.

Clinical endpoint of interest is cervical cancer but is 10-20 wait from HPV infection…  thus, surrogate clinical endpoint used of histological Dx of pre-cancerous lesions

Multiple types of HPV are circulating; subset are oncogenic; differential risk among oncogenic types

Although HPV is certainly causative agent for cervical cancer, incident HPV infection has low specificity as prognostic biomarker for cervical cancer….  Persistent infection with oncogenic type much better prognostic biomarker with specificity increasing with duration of persistence of infection





HPV

• Vaccine efficacy trial primary endpoint composed of:
– Histologic diagnosis of Cervical Intraepithelial Neoplasia Grade 
2+ (CIN2+)   plus

– Biomarkers for presence of vaccine‐type HPV DNA in cervical 
lesion
• RT‐PCR assay for HPV16 or HPV18 specific genetic sequence

• Analyses of efficacy trial data
– Primary:  % reduction in rates of HPV16/18‐associated CIN2+

– Secondary: 
• % reduction in rates of any CIN2+

• % reduction in rates of non‐vaccine type‐specific CIN2+





Level of protection against CIN2+ depends on pattern of HPV subtype co-infection at 
baseline and on pattern of co-infection associated with CIN2+ lesion.
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Persistence of HPV infection
• In addition to complexities of patterns of co‐infection, 

absolute risk of CIN2+ depends strongly on duration of 
persistent infection with oncogenic type HPV

• Is persistent detection of oncogenic type HPV DNA a better 
prognostic biomarker for cervical cancer than histopathologic
diagnosis of CIN2?   …. is it a “better” surrogate endpoint in 
vaccine trials?



Vaccine effect on HPV persistence

• Vaccine is highly efficacious at preventing persistent (12 mo) 
infection by 16/18 types

• Vaccine has variable efficacy at preventing persistent (12 mo) 
infection by non‐16/18 oncogenic types





• Imagine that HPV serotypes were unknown and only 
HPV DNA sequence was available to annotate endpoints
– We might have observed that the difference between V and P in 

rates of endpoints marked with a subset of viral sequences 
divergent from the vaccine antigen sequence (eg the non‐HPV16/18 
viruses) was less than that for the subset of viral sequences similar 
to the vaccine antigen sequence….   a “sieving effect”

– We might have also observed the same differential effect on 
persistent type‐specific infection 

• Could we use those observations to
– Detect more subtle effects of vaccine on virus?

– Design better vaccine w/r/t specificity and type of protective 
immune response?



Inoculum
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Sieve Analysis 1.0
• Comparing genetic “distance” of infecting strain 
from vaccine antigen between infected vaccine 
and placebo recipients



Sieve Analysis 2.0*
• Integrating data and biological models about immune 

response to vaccine
– “Distance” is conceptually immune cross‐reactivity of vaccine‐induced 

response to specificity in infecting strain 
– Use a suite of predictive models for immune response as basis for cross‐

reactivity scores
– Focus on viral proteome “loci” at which vaccine responses are generated 
– Match proteome “loci” scanned to specific immune effectors: 

• Linear peptides embedded in proteome for CD8+ T‐cell epitopes
• Residues in physical proximity to one another on protein surface for Ab epitopes

• Distinguish sieving effects by epoch
– Sieving primarily by Ab effects on acquisition
– Sieving by both Ab and T‐cell responses on post‐infection viral evolution 

• Use missing data methods for dealing with founder virus 
genomes that can be reconstructed only in subset of subjects

* Still being brought to you by Peter Gilbert
and his collaborators
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Bug genomes and vaccine discovery research

The reverse vaccinology equation (2006)

An alternative to “Pasteur’s rules to
isolate, inactivate and inject the 
microorganism that causes the 
disease”-.  Rappuoli, 2004.



• From analyses of a population sample of bug genomic 
sequences
– All potential antigens can be identified for development even if 

not highly immunogenic and even if pathogen is fastidious

– Highly conserved antigens can be identified

– Antigens can be screened against the human genome to remove 
self‐antigen homologs

– Models of protein families can identify surface antigens and those 
associated with pathogenic strains

– More recently, predictive models of T‐cell epitopes (conditioned 
on HLA) allow for some in silico screening of antigens for human 
T‐cell reactivity 

• Increasing opportunities for computational biology and 
biostatistical modeling in vaccine discovery research 



Discussion
• Biomarker and surrogate endpoint problems are hard…  and 
vaccine research is no exception

• However, the specifics of vaccine research and current 
measurement technologies provide some unique 
opportunities to make headway on these problems

• A combination of statistical and (computational) biology 
modeling is required to make progress but that necessitates 
a considerable investment in learning immunobiology

• Too few statisticians are working in this area relative to the 
opportunity and importance of the problems
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