Reconciling the Founder Variant Multiplicity of HIV-1
with the rate of CD4+4+ T Cell Decline

James Baxter!:?, Ch. Julidn Villabona-Arenas3#, Stéphane Hué3#, Jan Albert>®, Andrew Leigh Brown?, Katherine E Atkins! 34

‘ gusher
Institute

'Usher Institute, The University of Edinburgh, United Kingdom

?Institute of Evolutionary Biology, The University of Edinburgh, United Kingdom LONDON RSO

3Department of Infectious Disease Epidemiology, London School of Hygiene and Tropical Medicine, United Kingdom; SCHOOL of R\ e Medical
“Centre for Mathematical Modelling of Infectious Diseases, London School of Hygiene and Tropical Medicine, United Kingdom; HYGIENE Research
*Department of Microbiology, Tumor and Cell Biology, Karolinska Institutet, Stockholm, Sweden; &TROPICAL Council

°Department of Clinical Microbiology, Karolinska University Hospital, Stockholm, Sweden MEDICINE

Introduction Model Framework

* Without effective therapy, almost all people living with HIV will progress to AIDS. Transmission Model (3) Tolerance Model (2)
The rate of disease progression is determined by characteristics of the infecting virus
such as replicative capacity or immunogenicity; and characteristics of the person Transmitter Recipient
such as age and Human Leukocyte Antigen phenotype.l=* SpVL SpVL

The role of HIV-1 transmission on disease progression, however, is less well
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75% of HIV-1 infections are initiated by a
single genetic variant. In the remaining
quarter of transmissions, the genetic
bottleneck is mitigated, and infections are
initiated by multiple variants.>°
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* QOur model framework leverages three well characterised relationships surrounding

HIV-1 transmission and disease progression:
These infections initiated by multiple Prog

variants have previously been associated
with higher viral load and a faster CD4+
T-cell decline...””!!

1. Heritability: The proportion of variation in logl0 SpVL, V, explained by
genetic variation of the transmitted virus for individual, i, of pair, j:1°

Vij = V; + sex;j + agej; + riskgroup;;
.. but a mechanistic understanding that Tolerance: The rate of CD4+ T cell decline explained by SpVL and host
underpins this effect remains elusive Time since infection characteristics:13

% of Cohort with CD4 T Cell Count < 350 cells mm-3

ACD4;; = (sex;; + age;;) X V{5

Aims . Transmission: A probabilistic model that predicts the probability of multiple

* To consolidate the existing observational evidence for an association between variant infection for a given transmitter SpVL, v, averaged over the course of
infections initiated by multiple variants and faster CD4-+ decline. infection: 14

" v —
To construct a multi-model framework to reconcile the founder multiplicity of HIV-1 P(nparticles) = f (n) p"(1—p)¥ "
with CD4+ T-Cell decline, leveraging statistical and mathematical models of three v

well-characterised empirical relationships P(N variants) = Z

n=N

P(N variants|n particles )

P(n particles)
Observational Evidence

To reconcile the low acquisition probability with the relatively high
Paper \ Riskgroup | P Viral Load CD4+ T Cell - : : q : P Y . y e :
(MV) probability of multiple variants, we assume transmission only occurs in a
subset, ‘f', of exposures. Each viral particle has probability, p, of transmission.
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Table 1: Cohort characteristics and key results from studies that have analysed the association between
CD4+ T cell decline and multiple variant HIV infections. ns P > 0.05; * P < 0.05; ** P < 0.01; *** P <
0.001. HSX = heterosexual; MSM = men-who-have-sex-with-men

A CD4+pl ! day?

 We identified six cohort studies that have characterised associations between
founder variant multiplicity, SpVL and CD4+ decline, of which:

Proportion of Cohort with < 350 CD4 mm3

* Four cohort studies found that infection initiated by multiple variants was
associated with higher SpVL.
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Two further demonstrated link to lower CD4+ counts or faster CD4+ T Cell Figure 2: a) the daily rate of CD4 decline slows as the probability that a recipient's infection was initiated
decline by multiple variants increases b) simulated survival curves highlight the substantial variation in the

population-level outcome of multiple variant infection.

* Inferring a general conclusion from these data is challenging due to two main sources When accounting for empirical relationships, in particular the contribution of the
of heterogeneity: transmitted genotype to the recipient SpVL, we expect a higher probability that

infection is initiated by multiple variants to correlate with a slower rate of CD4

1. The studies analysed different measures and implemented different statistical _ _
T cell decline (Fig 2a).

methods.

Uncertainty also arises from the proportion of multiple variant infections within || [|* Assuming a fixed initial CD4 count, bootstrapped survival curves reveal significant
a cohort: variation in the trajectories of multiple variant infection relative to single variant

infection (Fig 2b).
a. The probability of multiple variant infection varies significantly across risk (Fig 2b)

groups, which may confound the association with CD4 decline. .
Conclusions

* Accounting for empirical relationships, we would expect the rate of CD4 decline to
decrease as P(Multiple Variants) increases.

Early studies may have overestimated the proportion of infections initiated
by multiple variants due to methodological limitations
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