How does exposure history shape SARS-CoV2 viral and immune
dynamics?
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Context

- Study the viral replication under different immune backgrounds

SARS-CoV-2still circulating at a high rate as vaccines fail to contain viral spread

despite adaptations to the emergence of Omicron strains

Part of the population, mainly immunocompromised, remains at risk
Low viral load associated with drops in mortality [1] and transmission [2,3]

Efficient viral load models (mostly among naives) have been developed both in

humans and Non Human Primates (NHP) [4,5,6]

But individual history with the virus has become diverse and complex:
 Number of exposures, time since last exposure
« Vaccination (mono or bivalent) vs infection ? Hybrid immunity ? mABs ?

(EMERGEN project)

 Vaccination with BNT162b2, mono and bivalent (Wuhan/BA.4-BA.5)
* Longitudinal follow-up of viral and immune biomarkers
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L is a proxy of the memory compartment
Immune complex C: faster clearance, ¢y, = 3 c.[7]
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Methods

We used a non linear mixed effects framework. Parameter estimations are conducted using maximum
likelihood estimation via the stochastic approximation expectation-maximization (SAEM) algorithm [8],
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implemented in Monolix 2023R1. We compare models using the BICc [9].
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Model reduction

Random effects selection
(downward selection, max
BICc deterioration of 10)
Fixing unidentified
parameters through Profile
Likelihood (forward
selection)
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Inclusion of exposure history

Covariates tested on immune parameters.
Exposure effect is captured by a 3 levels covariate
B, ,withithe type of exposure (infection,
monovalent or bivalent vaccination).

At exposure k, parameter p takes the value p, :
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Antibody levels at time of infection is associated with viral replication and transmission risks
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Model the mechanisms linking
antibodies and viral replication

Explain different infection
trajectories through immune levels
and exposure history

Discuss Correlates of Protection
(CoP) against infection and
transmission

Results

MF06 B

MFO1

MF02 MFO03 MF04

i ]
41 41
- : \' :
il I -~
VAY AV V4
i _

A _/,

!
4 |

MFO05 MF02

i 4 4 1
- |y -2 v‘
] '\ '*V¥ o0 - o
WV/ v\_y_?v Vs Y| 211 {yr ]
1 | \ i \ |
o \ -

MFO03

MF04

e I
|
1w P OO ¥k

020400204002040020400204002040

MFOQ7
o] s

MFO7 MFO8 MFQ9 MF10 MF11 MF12 MFO8

MFO09

MF10

MF11

0 10 20 300 10 20 300 10 20 300 10 20 300 10 20 300 10 20 30

MF12

Days since challenge

Correlates of Protection

Days since challenge

—_ 4 17 -
Zz \
) & \ :ﬁw
E_ - \ \ \ \
- w )
% (]5,‘3_ - L: ‘—L— = \-— — = ‘-L—_
0o L +—ek-  +— > +~— - " b "
® 8 0 1020300 10 20 300 10 20 300 10 20 300 10 20 300 10 20 30
o =
3 B MF13 MF14 MF15 MF16 MF17 MF18
o = s8]
«Q o] o
3
o —
(@) ] (1]
S =
- 5
0 10 20 300 10 20 300 10 20 300 10 20 300 10 20 300 10 20 30
MF19 MF20 MF21 MF22
8-
6-
[ ]
4- . T O
@O O O O OO@ O O O (@) O O O (@] OO O O O
2. . .
vV  vvAvAV, S VAAY, I
| | | |
011 11 | -I\
H ' X X , ; I ' X P | X T e T "l —_ & 1 L::—_—_— = Pl ——— N U T
-300 100 0  -300 -100 0 2300 -100 0 2300  -100 O 0 10 20 300 10 20 300 10 20 300 10 20 30

Groups

-o- Control

-~ Mono + Mono
-~ Mono + Bi

-~ Conv + Bi

Viral load

— (Genomic
- Infectious

Antibodies
— Binding
= Neutralisation

Censoring

e None
o <LOQ

Simulations of human-like infections (inoculum of 10 infectious particles [10]) using the NHP model with
different protection levels (binding, neutralization and infected cells’ loss rate)

immunity as the C/B group is fully protected.

Peak viral
titer
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Bivalent vaccination reduces Omicron viral replication. The effect was more dramatic with hybrid

« The protection against infection and transmission can be quantified using a model integrating binding

and neutralisation.

« Infection is averted for binding levels of 3*10% and 4*10°> AU/mL for M/B and M/M groups.
 Those model-based CoP, high compared to the population protection at the time, are coherent with the

fast spread of the Omicron wave [11].

« Hybrid immunity could be further investigated as highlighted by the need for covariates that suggest a

strong role of the T response
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