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6 Forte-Soto et al, J. Infect. Dis. (2022)
7 Bruel et al, Nat. Med. (2022)
8 FDA, Suspension of use of Evusheld (2023)

• Variant of concerns could also modify the treatments efficacy
• Particularly the neutralizing monoclonal antibodies (mAbs) → sensitive to the variant of infection
• Reduce the risk of severe disease if administred early after symptom onset 3,4,5

Evusheld (AZD7442)
• Combination of tixagevimab (AZD8895) and cilgavimab (AZD1061) 3

• FDA approved in pre-exposure prophylaxis in fragile population
• In vitro loss of efficacy against Omicron 5

• Use was progressively suspended 6
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Antiviral treatments impacted by the changing landscape

What is the impact of the variants on
the efficacy of these mAbs in vivo?

3 Gottlieb et al, JAMA (2021)
4 Weinreich et al, NEJM (2021)
5 Weinreich et al, NEJM (2021)
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• Analyze in vivo data from hospitalized patients 
• Heterogeneous population 9,10 :

• Different immune status (vaccination, prior infection, immunocompromised…)
• Patients are treated at different stages of the disease

• Patients arrive at late stage of the disease (lower viral load)

➔ The relevance of modeling by integrating:
• virological,
• immunological,
• and pharmacological data
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Evaluation of antiviral efficacy of mAbs in a context of changing landscape

9 Lingas et al, J Antimicrob Chemother. (2022) 
10 Néant et al, PNAS (2021)
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• Variant of infection and patient characteristics may also shape the viral dynamics 11,12

• Studies often conducted on small specific cohorts (symptomatic, commorbidities…) → Potential selection bias

➔ Analyzing millions of PCR tests performed in community labs
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Study the impact of this changing landscape on viral dynamics in the population

324,428 individuals (407,375 obs) with:
• Date of symptom onset,
• Vaccination status,
• Variant of infection

Start of booster dose for adults
& Omicron emergence

Start of booster
dose for elderly

How can we model community labs
data to identify patterns in viral load ?

11 Puhach et al, Nat. Rev. Microbiol (2023)
12 Yang et al, The Lancet Microbe (2023)
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Study the impact of this changing landscape on viral dynamics in the population

Can we model the community
labs tests to identify patterns in 
viral load ?

324,428 individuals (407,375 obs) with:
• Date of symptom onset,
• Vaccination status,
• Variant of infection

11 Puhach et al, Nat. Rev. Microbiol (2023)
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Semi-mechanistic models
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Various viral load dynamics models for use in different contexts

Empirical model

➔ Identify how biological parameters are 
impacted by variants and vaccination

➔ Identify patterns in viral
load dynamics
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Semi-mechanistic models
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Various viral load dynamics models for use in different contexts

Empirical models

➔ Identify how viral dynamics patterns 
are impacted by variants and vaccination

➔ Identify how biological parameters are 
impacted by variants and vaccination
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Objective 1

Using a semi-mechanistic model to reconstruct viral load dynamics, evaluate the 
virological effect of Evusheld on hospitalized patients in the DisCoVeRy clinical trial. 
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Objectives of the studies

Objective 2
Using simulations inspired by data collected in community labs, study the feasibility 
of an empirical model for identifying patterns in viral load.
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• European phase III randomized clinical trial (PI : F. Ader – methodologist : F. Mentré) 13

• > 200 patients (2021-2022) in Evusheld or Placebo arms

• Underpowered due to premature interruption of inclusions
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Evaluating Evusheld in hospitalized patients

13 Hites et al, J. Infect. (2024)

What is the in vivo virological effect of Evusheld ?
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Large heterogeneity in neutralization activity and viral load

14 Beaulieu et al, J Antimicrob Chemother. (2024)
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Simultaneously modeling neutralization activity and viral load dynamics

Target cell limited model 15

𝐸𝐷50 𝑡 = ቐ
𝐸𝐷50 × 𝑒𝑒

−𝑔×(𝑡−𝜏)
, 𝑡 ≤ 𝑡𝑥

𝐸𝐷50 × 𝑒𝑒
−𝑔×(𝑡−𝜏)

+ 𝐷, 𝑡 > 𝑡𝑥

Sigmoid Gompertz function to model 
the neutralization activity 13

With D, the instantaneous gain of 
neutralization activity from Evusheld 10

Using the SAEM algorithm in Monolix Software

15 Phan et al, PLoS Pathog. (2024)
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complex
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Parameters estimation

Covariates association

• Using COSSAC algorithm

• Baseline characteristics (Wald test, P < 0.05)
• Sex
• Age
• Clinical status at inclusion (score)
• Vaccination status
• Variant of infection

Parameter Estimate (RSE in %) SD of the random effect 𝝎
(RSE in %)

𝑬𝑫𝟓𝟎{𝑼𝒏𝒗𝒂𝒄𝒄𝒊𝒏𝒂𝒕𝒆𝒅}
(𝑬𝑫𝟓𝟎) 1501 (46) 1.74 (8)

𝑬𝑫𝟓𝟎{𝑭𝒖𝒍𝒍𝒚 𝒗𝒂𝒄𝒄𝒊𝒏𝒂𝒕𝒆𝒅}
(𝑬𝑫𝟓𝟎) 6272 (23) 1.74 (8)

𝑔 0.14 (16) 0.24 (20)

𝜏 (days) 22.26 (9) 0.10 (fixed)

𝑫{𝑷𝒓𝒆−𝑶𝒎𝒊𝒄𝒓𝒐𝒏} (𝑬𝑫𝟓𝟎) 5956 (12) 0.68 (18)

𝑫{𝑶𝒎𝒊𝒄𝒓𝒐𝒏 𝑩𝑨.𝟏} (𝑬𝑫𝟓𝟎) 263 (36) 0.68 (18)

𝑫{𝑶𝒎𝒊𝒄𝒓𝒐𝒏 𝑩𝑨.𝟐} (𝑬𝑫𝟓𝟎) 4325 (17) 0.68 (18)

𝑅0 4.51 (21) 0.73 (6)

𝑝 (107virus cells −1 day −1) 2.86 (47) -

𝛿 (day −1) 2.37 (53) -

𝜑 (10−6cells day −1) 2.02 (82) -

𝜌 (day −1) 1.01 (28) -

𝑘𝑂𝑁 (day −1 𝐸𝐷50
−1) 0.0018 (52) -

𝜎1 (𝑙𝑜𝑔10𝐸𝐷50) 0.43 (5) -

𝜎2 (𝑙𝑜𝑔10RNA copies/104 cells) 1.17 (4) -Using the SAEM algorithm in Monolix Software
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Simulated neutralization and viral load trajectories

14 Beaulieu et al, J Antimicrob Chemother (2024)
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Pre Omicron

5.9 (2.1-13.6)
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Gain in time to reach viral undetectability

Omicron BA.1

2.2 (0.4-8.9)

Omicron BA.2

5.4 (2.0-12.4)

Median (80% PI) difference in days to reach undetectability between in silico 
treated patients and their own control

14 Beaulieu et al, J Antimicrob Chemother (2024)
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Description of the data from community labs
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Description of the data from community labs

Few repeated tests :
• 1 : 79% (N = 256,650)
• 2 : 17% (N = 55,560)
• 3 : 3 % (N = 9,957)
• 4 or more : 1% (N = 2,261)
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Piecewise linear model to capture the viral load dynamics
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Piecewise linear model to capture the viral load dynamics

We estimate 4 parameters:
• Incubation period (days), 𝑻𝒊
• Proliferation phase (days), 𝑻𝒈 ~𝑵+(𝟔, 𝟏)

• Viral load at peak (Ct), 𝑽𝒑 ~𝑵+(𝟐𝟓, 𝟐)

• Clearance phase (days), 𝑻𝒄 ~𝑵+(𝟏𝟓, 𝟐)
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Piecewise linear model to capture the viral load dynamics

We estimate 4 parameters:
• Incubation period (days), 𝑻𝒊 ~𝑵+(𝟓, 𝟏)

• Proliferation phase (days), 𝑻𝒈 ~𝑵+(𝟔, 𝟏)

• Viral load at peak (Ct), 𝑽𝒑 ~𝑵+(𝟐𝟓, 𝟐)

• Clearance phase (days), 𝑻𝒄 ~𝑵+(𝟏𝟓, 𝟐)

Bayesian inference framework, HMC NUTS 
algorithm in Stan

Add information with prior distributions

Weakly informative 
prior distributions
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Inclusion criteria Number of individuals Timing of testing

Scenario 1 ≥ 1 positive test 500 Same probability of testing from infection to clearance

Scenario 2* Entire population 1000 Same probability of testing from infection to clearance

Scenario 3* Entire population 1000 Around symptom onset

Scenario 4 ≥ 1 positive test 500 Around symptom onset
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Simulation study

*In Scenarios 2 and 3
we take into account
the probability of 
infection 𝑃𝑖𝑛𝑓

• 50 simulated datasets of 1000 individuals
• 50% of the population is infected

• Few repetead tests
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Inclusion criteria Percentage of infected
individuals (𝑃𝑖𝑛𝑓)

Timing of testing

Scenario 1 ≥ 1 positive PCR 100% Uniform from infection to clearance

Scenario 2* Entire population 50% Same probability from infection to clearance
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Scenario 4 ≥ 1 positive PCR 100% Around symptom onset
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Simulation study

• Few repetead tests• 50 simulated datasets of 1000 individuals
• 50% of the population is infected
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Timing of testing
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Simulation study

• Few repetead tests• 50 simulated datasets of 1000 individuals
• 50% of the population is infected
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Timing of testing
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Simulation study

• Few repetead tests• 50 simulated datasets of 1000 individuals
• 50% of the population is infected
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Relative Estimates Errors (REEs)
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Discussion

Findings

• We can identify the main patterns of 
viral load with a piecewise linear model

Limitations

Perspectives

• Investigation of the impact of variant 
and vaccination status on these 
patterns with the real-life data

Findings

• We identified an antiviral activity of a mAb on 
hospitalized patients by integrating neutralization 
activity into a viral dynamics model

• Pre-Omicron and Omicron BA.2 hospitalized 
patients had higher neutralization activity leading 
to faster viral clearance

Limitations

• Evusheld is no longer used due to lack of efficacy 
in patients

Perspectives

• Can we find a clinical efficacy of mAbs adapted to 
latest VoCs in hospitalized patients ?
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Discussion

Findings

• We can identify the main patterns of 
viral load with a piecewise linear model

Limitations

• High computation time due to Bayesian 
framework 

Perspectives

• Impact of variant of infection and 
vaccination in patterns of viral load ?
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