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HIV Mutates. Fast.

Infection is established by
a single genetic variant

Wy
S Z 15w annuac Adapted from Korber et al (2001) Br Med Bull
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The transmission bottleneck

Transmission is inefficient

1/300 exposures result in infection

o
® O PS ¢ ® % Women are at 2x risk relative to men
@ Majority O % Men with STI's are at 2x risk
© Minority ° o © %
o °%0 _ Hypothesis:
® 00 g & Could it be that many viruses make it
across, but the replication rate is
terminally low?
Donor Recipient
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N=137

O
N>1,000 w

Susan Allen

Eric Hunter
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Couple is identified as
HIV serodiscordant

HIV negative partner
seroconverts

Couples counseling and
condoms reduce
transmissions by 2/3

Plasma collected from
Donor and Recipient,
median 45 days post
estimated infection

HIV negative partner is
tested once per month
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HIV sequencing of both
partners
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Donor

.EPRGSDIAATTSNLOEQIGWMTSNPPIPV. ..
.DPRGSDIAGTTSNLOQEQIGWMTNNPPIPV. ..
LEPRLSDIAGTTSNLOEQIGWMTNNPPIPV. . .
EPRGSETIAGTTSTLOEQIAWMTNNPPIPV. . .
.EPRLSDIAGTTSNLOQEQIGWMTNNPPIPV. . .
.EPRGSDIAGTTSTLODOQIGWMTNNPPIPV. . .
.DPRGSDIAGTTSNLOQEQIAWMTHNPPVPV. . .
LEPRLSETIAGTTSTLOEQITWMTNNPPIPV. ..
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99.8%
identity

-stimating fitness with statistical power

Recipient

.EPRGSDIAGTTSNLOEQIGWMTSNPPIPV. ..
.DPRGSDIAGTTSTLOEQIGWMTNNPPIPV. ..
.EPRGSDIAGTTSNLOEQIGWMTNNPPIPV. . .
EPRGSETIAGTTSTLOEQIGWMTNNPPIPV. . .
.EPRLSDIAGTTSNLOEQIGWMTNNPPIPV. ..
.EPRGSDIAGTTSTLOEQIGWMTNNPPIPV. ..
.DPRGSDIAGTTSNLQEQIAWMTNNPPVPV. ..
LEPRLSETAGTTSTLOEQITWMTNNPPIPV. ..
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-stimating fitness with statistical power

D R T Approach

ID1, posl E E 1
ID1, pos?2 P P 1 PI'(T — 1) N fAA PaaA

Pr(T =0) 1-— faa

coe p_
ID2, posll N T ‘ 0 AA
ID2, posl?2 S S 1

ID2, posl3 T T 1 logodds(T = 1) = logodds(faa) + biasaga
£D8, posl711 ; ; ”
ID8, posl712 \Y \Y% 1

N=228,367
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Consensus :=
observed in > 50%

of Zambian HIV+
individuals

©
©

o
oo

consensus

©
N

polymorphism

Transmission frequency

0.6 o = 2.0e-09

0.5

04 1 1 1 1 J
0.75 0.8 0.85 0.9 0.95 0.99

Donor quasispecies frequency (454)
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-stimating fitness with statistical power

D R T Approach

ID1, posl E E 1
ID1, pos?2 P P 1 PI'(T — 1) N fAA PaaA

~ X
Pr(T=0) 1—faa

PP p_
ID2, posll N T ‘ 0 AA
ID2, posl?2 S S 1

ID2, posl3 T T 1 logodds(T = 1) = logodds(faa) + biasaga
ID8, posl7/11 P P
ID8, posl7l2 v v 1 Estimate probability of transmission

using a generalized linear mixed model

N=228,36/
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A fitness bias

AA features related to fitness

Conservation

Predicted impact on structure
Interaction network properties
Relationship to immune escape
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A fitness bias
AA features related to fitness

Conservation

Predicted impact on structure
Interaction network properties
Relationship to immune escape
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Transmission frequency
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A fitness bias |
AA features related to fitness

Structural fitness

Conservation 05 L7 Lemst 1t <50%
Predicted impact on structure sy T

InteraCtiOn network prOperties Cohort frequency (non-mixtures)
Relationship to immune escape-« F

0.95 | # Covaring sites
>4
09 9t .
- 0-1 e Non-adapted or non-associated

0.85 1 p = 6.5e-04 . % Donor adapted polymorphism

0.8 | sl
0.75 0.75 - p = 0.004

0.7 1 1 L 1 | ) N T T T N - —— 1 1 1 L L J 0.7 1 ' ' 1 1 I T T T T ' 1 1 ' L 1 J

0.01 0.05 0.25 0.5 0.75 0.95 0.99 0.01 0.05 0.25 0.5 0.75 0.95 0.99
Cohort frequency (non-mixtures) Cohort frequency (non-mixtures)
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High-fitness amino acids are more likely to be transmitted

What about whole virus sequences?
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Transmission Ingdex

Transmission
D R T Ln-odds (T) Index

ID1, posl E E 1 6.9

ID1, pos2 P P 1 7.2 — 7.1
ID2, posll N T ‘ 0 4.6 7

ID2, posl?2 S S 1 5.3 — 6.3
ID2, posl3 T T 1 6.8 B

ID8, posl7/11 P P 1 8.3 -

ID8, posl712 v \V4 1 6.3 ©.8
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6.9

©
Z“ 6.857

. . . [e
Individuals with weak >

viral populations are J)
less likely to transmitto 8 s}
their partners s |
T 6.65f

=
6.6

Non-transmitting Transmitting
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A new model of transmission K =% %
Epithelium ) |
Frequent non-productive infection . mﬁf\* %M'u

Provides a window of opportunity for drugs and
vaccines

What about risk factors?

Pr(T =1) N faa . Paa +c Pr(T =1) N faa
Pr(T=0) 1—faa Paatc¢ o0 Pr(T=0) 1-fas

Joseph & Swanstrom,
Science 2014
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Meﬂ VS \/\/Omeﬂ T Male to Female

Female to non-GUI Male
Female to GUI Male

p=1.9e-09

p=3.7e-05

Stronger bias in men

Less likely to be infected

More likely to be infected with a 0.95 |
strong virus

0.01 0.05 0.25 0.5 0.75 0.95 0.99
Cohort frequency (non-mixtures)
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Men vs Women

Stronger bias in men

Less likely to be infected

More likely to be infected with a
strong virus

More evolutionary pressure on
women’s virus

15™ ANNUAL

Proportion of donor polymorphisms

0921

0.91

Female recipients

Male recipients
HR =1.78
p=0.016

0 100 200 300 400 500 600 700
Time from first recipient sample (days)
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Men vs Women L  o00s

Stronger bias in men
Less likely to be infected

More likely to be infected with a
strong virus

Early set point VL

More evolutionary pressure on 10°}
women’s virus '

Stronger transmitted viruses lead to |
more severe disease e | | | | |
40 60 80 100 120 140

Number transmitted polymorphisms
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A paradigm:
Low biological risk leads to lower odds of infection,

but more severe disease when infection happens
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Summary
Fitness bottleneck at transmission

Features consistent with viral fitness predict transmission
Viral sequences and populations with high predicted fitness are more likely to establish infection

Risk factors mitigate the fitness bottleneck

A mechanism for increased risk is a reduction in the fitness bottleneck
Possibly due to more target cells, or higher activation state of target cells

Clinical consequences

Anything that weakens the virus will reduce transmission rates
Vaccines and drugs that protect individuals from transmission may lead to more severe disease when
breakthrough infection occurs
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