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Background. The antiviral efficacy of molnupiravir against SARS-CoV-2 is controversial. Here, we develop a model integrating 
viral and immune dynamics to characterize the mechanism of action of molnupiravir in vivo and its impact on viral dynamics 
during and after treatment.

Methods. We analyzed data from the PANORAMIC trial, where 577 outpatients were randomized shortly after symptom onset 
to receive usual care or molnupiravir for 5 days, with viral and immunologic data collected within 2 weeks. We developed a 
mathematical model that characterized virus-host interaction, accounting for the impact of molnupiravir on viral replication 
and mutagenesis. The model was used to explore the impact of longer treatment duration.

Results. Molnupiravir reduced RNA replication with an efficacy that reached 93% at the end of a 5-day treatment. This effect 
was mediated through 2 pathways: 1 that increased transition mutation frequency and 1 that directly inhibited viral production. 
Accordingly, 5-day treatment shortened the median time to clearance of RNA and infectious virus by approximately 2 days. 
Ten-day treatment could reduce the time to RNA clearance by 5 days and the occurrence of viral rebounds. Longer treatment 
durations might be needed for postexposure prophylaxis.

Conclusions. Our model suggests that molnupiravir acts primarily on viral replication, and not specifically on viral infectivity. 
Longer administration of molnupiravir may reduce the rebound rate, shortening the time to viral clearance.
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Despite its protection against severe SARS-CoV-2 infection, 
vaccination is less effective in high-risk populations, including 
individuals who are immunocompromised and those who are 
elderly [1]. Thus, it remains critical to develop effective treat
ments that prevent disease progression and onward transmis
sion. Among candidate agents, molnupiravir is authorized for 

emergency use by the US Food and Drug Administration in 
some high-risk populations. However, clinical trials for molnu
piravir showed low benefits. While molnupiravir may shorten 
times to symptom resolution [2] and reduce the occurrence 
of post–COVID-19 symptoms [3, 4], its impact on severe dis
ease is probably marginal, at least in vaccinated populations [3].

Regarding virologic efficacy, molnupiravir likely increases 
the rate of viral clearance [2, 5, 6]. In some studies, molnupir
avir was associated with increased rates of detectable virus after 
treatment completion [7], posing the question of adequate 
treatment duration. Furthermore, a signature of molnupiravir- 
induced mutations was found in populations where molnupir
avir was used, suggesting that some highly mutated viruses 
could be viable and capable of onward transmission [8]. 
These conflicting results have resulted in the drug’s withdrawal 
by several regulatory agencies, including the European 
Medicines Agency [9]. Because antiviral effect is a prerequisite 
to clinical efficacy [10] and drugs with a similar mechanism of 
action could be developed in the future, it remains important to 
understand how molnupiravir affects viral dynamics.

Here, we address this question by developing a modeling 
framework to characterize the virologic, immunologic, and 
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mutation data observed in the PANORAMIC trial, one of the 
most detailed studies evaluating molnupiravir efficacy. Using 
this model, we discuss molnupiravir’s antiviral effect and ade
quate treatment duration.

METHODS

Study Design and Population

The study population was previously presented in detail [7]. In 
brief, from December 2021 to April 2022, the PANORAMIC 
study included eligible participants of both sexes aged ≥50 or 
>18 years with relevant comorbidities. Participants were ran
domly assigned to receive usual care alone or with 800 mg of 
oral molnupiravir twice daily for 5 days.

Ethical Approval

The PANORAMIC study (ISRCTN30448031) was approved by 
the UK Medicines and Healthcare products Regulatory Agency 
and the South Central–Berkshire Research Ethics Committee 
of the Health Research Authority (ethics approval reference 
21/SC/0393).

Sample Collection

Overall 577 participants were enrolled [2, 7] and provided self- 
collected nasopharyngeal swabs. All participants returned dried 
blood spot samples collected on days 1, 5, and 14 (Figure 1). All 
samples were taken by participants and returned to a central 
laboratory by post.

Analytic Methods

The analytic methods were previously described for virology, 
immunology, mutation, and culture data [7]. In brief, viral 
load had a lower limit of quantification of 109 copies/mL; mu
tations were quantified by sequencing samples positive for 
SARS-CoV-2. Sequencing was performed for a target depth of 
5000× per genome on an Illumina sequencer with 2 × ≥75– 
base pair paired-end reads, with positive and negative controls 
included to detect contamination at each step. For viral culture, 
samples were aliquoted into a tube containing Bovine Albumin 
Fraction V (7.5%), stored at 4 °C, and then moved to storage at 
−80 °C within 24 hours. Spike antibodies were measured by im
munoassay (Elecsys Anti-SARS-CoV-2 S; Roche) with a validat
ed 10-fold dilution factor correction applied.

Modeling Viral Load and Spike Antibodies in Untreated Patients

First, we characterized viral and immune kinetics in untreated 
patients—specifically, those receiving usual care alone. Three 
models were tested: a target-cell limited model, a refractory 
model, and a cytotoxic model [11]. The target-cell limited model 
includes 3 types of cell populations: target cells susceptible to in
fection (T ), infected cells in an eclipse phase (I1), and infected 
cells actively producing virus (I2). Susceptible target cells are in
fected at an infection rate β (mL/virion/d). After a mean eclipse 

phase of 1/κ days, infected cells (I1) become productive (I2), pro
ducing virions at rate π and are lost at a per capita rate δ. The vi
rions generated can be infectious (VI) in proportion μ, while the 
remaining proportion (1−μ) is noninfectious (VNI). The total vi
ral load is the sum of VI and VNI, both cleared at the same rate c. In 
the refractory model, susceptible target cells become refractory at 
rate ϕR, and refractory cells revert to a susceptible state at rate ρ. In 
the cytotoxic model, we investigated the effect on the loss rate of 

infected cells δ = δ0 × 1 + ϕδI2
I2+I50

􏼐 􏼑
, where δ0 represents their ini

tial value and ϕδ × I2/(I2 + I50) indicates the increase under the cy
totoxic effect depending on the number of productive infected 
cells. The 3 models can be written as follows (with ϕR and ρ at 0 
in the target-cell limited version):

dT/dt = −βVIT − ϕRI2T + ρR 

dR/dt = ϕRI2T − ρR 

dI1/dt = βVIT − κI1 

dI2/dt = κI1 − δI2 

dVI/dt = πI2–cVI 

dVNI/dt = (1−π)I2–cVNI 

Spike antibody kinetics was described via a Gompertz function: 
A(t) = Amax × e−eα1−α2(t+tI −tA) , where Amax represents the maxi
mum antibody level, α1 and α2 correspond to the asymptote co
efficient and inherent production rate, tI is the delay between 
symptom onset and infection, and tA is the time of inflexion in 
days from infection. We used an Emax–type function to character
ize the antibody effect: EA(t) = εA × A(t)/(A(t) + A50), with A50 

equating to spike antibodies producing 50% of the maximal effect 
and ϵA indicating the maximal antibody effect on viral load. We 
investigated different models for antibody effect, either on viral 
infectivity, β(t) = β0 × (1 − EA(t)), or the loss rate of infected 
cells, δ(t) = δ0 × (1 + EA(t)). 

Modeling Viral Load, Spike Antibodies, and Mutation Proportion Under 
a Molnupiravir Effect

Molnupiravir Antiviral Effect on Viral Load
In the absence of measured pharmacokinetics, we used a phe
nomenologic model [12] to describe how molnupiravir drug ef
ficacy, noted EM→V (t), changes over time (Supplementary 
Text 1):

EM→V (t)

=

εM→V × (1 − e−k(t−tstart ))
1 −εM→V × e−k(t−tstart ) , tstart ≤ t ≤ tend

εM→V × (1 − e−k(tend−tstart ))
εM→V × (1 − e−k(tend−tstart )) + (1 −εM→V ) × ek(t−tend) , t > tend

⎧
⎪⎪⎨

⎪⎪⎩

,

(1) 
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where εM→V is the molnupiravir maximal efficacy at drug 
steady state and k is the rate of drug (intracellular) elimination.

We then used the model to fit data from untreated and treat
ed participants. We explored 2 models for a molnupiravir effect 
of reducing either the proportion of infectious virus, 
μ(t) = μ0 × (1 − EM→V (t)), or the rate of viral production per 
infected cell, π(t) = π0 × (1 − EM→V (t)). We also compared 
this with a model of constant drug efficacy that does not change 
over time.

Transition Mutation Impact on Viral Kinetics and the Effect 
of Molnupiravir
Next, we characterized how molnupiravir acts on virus muta
genesis, noting EM→P as the effect of molnupiravir in increasing 
the transition mutation rate, P(t):

log
P(t)

1 − P(t)

􏼒 􏼓

= log
P0

1 − P0

􏼒 􏼓

+ kP × t + EM→P(t), 

where P0 and kP denote, respectively, the initial value at infec
tion time and the natural rate of increase in transition muta
tions over time without molnupiravir. We assumed a 
linear effect of molnupiravir on the logit scale as 

EM→P(t) = εM→P × C(t), with C(t) being the drug concentra
tions (Supplementary Text 1). As the effect could be delayed af
ter molnupiravir initiation (Figure 2), we also tested an effect 
compartment model, where EM→P(t) = εM→P × Ce(t), with 
Ce(t) being the drug concentrations in the effect compartment, 
given by dCe/dt = ke0 × (C(t) − Ce(t)).

We then determined the impact of these transition 
mutations on viral kinetic parameters with an efficacy, 
noted εP, in reducing either the proportion of infectious 

virus, log μ(t)
1−μ(t)

􏼐 􏼑
= log μ0

1−μ0

􏼐 􏼑
− εP × [kP × t + EM→P(t)], or 

the rate of viral production per infected cell, 
log(π(t)) = log(π0) − εP × [kP × t + EM→P(t)].

Impact on the Rate of Positive Viral Culture

Finally, using a logistic model, we tested whether the probabil
ity of positive culture was associated with the amount of infec
tious virus, VI(t), and/or treatment intake.

Assumption on Parameter Values

Several parameters of the viral kinetic model were fixed to en
sure identifiability [13, 14]. Infection time was fixed to 3 days 

Figure 1. Nasopharyngeal viral load (left), spike antibodies (middle), and proportion of transition mutations (right) in the PANORAMIC trial. Upper, usual care alone (un
treated, n = 324); lower, usual care with molnupiravir, 800 mg, twice a day (treated, n = 253); circles, observed data; empty circles, data below the limit of quantification; 
bold solid lines, mean; bold whiskers, 90% CI.
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before symptom onset [15, 16]. Since only the product π0 × T0 

is identifiable, we fixed the initial density of target cells, T0, to 
4 × 106 cells/mL for a typical volume of 30 mL [14]. The viral 
clearance rate, c, was set to 10 days−1, κ was fixed to 4 days−1 

(representing a mean eclipse phase of 6 hours), and the initial 
proportion of infectious virus μ 0 was fixed to 10−4. For molnu
piravir pharmacokinetics, the constant k was set to 2.5 days−1, 
corresponding to a 6-hour intracellular half-life [17].

Model-Building Strategy

A nonlinear mixed effect model was used to determine the vi
roimmunologic model, first in untreated participants. Then, a 
model including the molnupiravir effect was fitted to treated 
and untreated individuals. All estimations were performed by 
the stochastic approximation expectation-maximization algo
rithm implemented in Monolix (Monolix Suite 2021R2). 
Random effects with an SD <0.1 or associated with a relative 
standard error >100% were removed via a backward procedure 
and kept only if, following their removal, the corrected bayesian 

information criterion increased by >2 points. Goodness of fit 
was assessed by visually inspecting individual fit and residual 
scatter plots.

Covariates were explored only in the final model and were 
limited to those with <10% of missing data and >10% of prev
alence [2, 7]. Next, correlations between covariates and individ
ual parameter estimates were preselected with a threshold at 
P ≤ .05. Final covariate selection was performed by the 
COSSAC algorithm [18].

Model Predictions Following Different Treatment Courses

To assess the therapeutic efficacy of treatment durations, we 
simulated 100 replicates of 250 individuals (approximating 
the number of treated individuals in PANORAMIC) using es
timates from the final model and different durations of treat
ment, with time of treatment initiation sampled from the 
distribution observed in PANORAMIC. We also examined 
the impact of postexposure prophylaxis, assuming that treat
ment was given 1 day postinfection in all individuals [7]. We 

Figure 2. Model for molnupiravir effect on SARS-CoV-2 replication. Abbreviation: NHC, N4-hydroxycytidine. Created in BioRender. Guedj, J. (2025) https://BioRender.com/ 
k72z109
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calculated the following metrics for each individual: viral load 
on day 5 posttreatment, time to first negative result on poly
merase chain reaction (PCR; viral load below limit of quantifi
cation), occurrence of viral rebound (defined as 1 viral load ≥3 
log10 copies/mL within 14 days after treatment completion, 
with an increase ≥1.0 log10 copies/mL vs treatment comple
tion), and the area under the curve of transition mutation 
load ([VI(t) + VNI(t)] × P(t)) over time from treatment initia
tion to sustained negative PCR result. Regarding viral culture, 
we calculated for each simulated individual the probability of 
developing a positive result and then the time to achieve <5% 
of positive culture. To evaluate the risk of repositive culture af
ter treatment completion, we sampled from the probability dis
tribution to calculate the proportion of positive individuals, 
assuming daily sampling in the 14 days after treatment comple
tion. Next, we calculated the median value over all individuals 
in each replicate and then provided the median and its 90% 
confidence interval (90% CI) over 100 replicates. We also per
formed a sensitivity analysis, assuming that molnupiravir di
rectly affects virus infectivity.

RESULTS

SARS-CoV-2 Viral Kinetics in the Absence of Molnupiravir

A model including an infection-refractory compartment 
best described observed viral load (Figure 3, Table 1, 
Supplementary Table 1). The death rate of productive infected 
cells, δ0, was estimated at 0.64 day−1, equivalent to a 25-hour 
half-life, with a production rate of 4.8 × 104 virions.cell−1.day−1. 
Peak viral load was estimated at 8.2 log10 copies/mL (90% CI, 
8.2–8.3) and coincided with symptom onset (median delay be
tween viral peak and symptom onset, 0 days; 90% CI, 0–1). Spike 
antibodies increased rapidly after inclusion and reached 90% of 
their maximal effect (noted A90) 18 days after symptom onset 
(90% CI, 18–19), with a level of 1.7 × 104 IU/mL (90% CI, 
7.4 × 103–2.6 × 104). In this model, spike antibodies at their 
maximal effect increased the elimination of infected cells by ap
proximatively 100%, therefore reducing their half-life by 50%. 
Overall, the median time to first undetectable RNA, called “viral 
clearance” in the following, was estimated at 13.5 days after 
symptom onset (90% CI, 13.5–14.5). This time would be extend
ed to 2.0 days longer (90% CI, 1.0–3.0) in males than females due 
to a lower antibody increase rate (Supplementary Figure 1).

Molnupiravir Increases Transition Mutations and Strongly Inhibits Viral 
Replication

A model assuming that molnupiravir reduces viral production 
rate, π(t), best described viral load data (Figure 2):

dVI/dt = π(t)I2–cVI 

dVNI/dt = (1−π(t))I2–cVNI , 

where π(t) = π0 ∗ (1 − EM→V (t)) ∗ e−εP × [kP × t + EM→P(t)].

The maximal direct effect of molnupiravir in inhibiting viral 
production, ϵM→V, was estimated at 67% (90% CI, 66%–68%; 
Table 1, Supplementary Table 2). Considering molnupiravir’s 
effect on mutations, our model predicted that molnupiravir 
strongly increased the rate of transition mutations from 66% 
(90% CI, 66%–66%) at treatment initiation to 88% (90% CI, 
87%–89%) on day 5 (Figure 4). This effect on transition muta
tion inhibited the viral replication rate by 76% (90% CI, 70%– 
80%; Figure 5). Thus, molnupiravir inhibited viral replication 
via mutation-independent (EM→V) and mutation-mediated 
(EM→P) mechanisms (Supplementary Tables 3 and 4). 
Together, these effects led to a strong inhibition of viral repli
cation, estimated to 93% (90% CI, 92%–94%) at treatment com
pletion. The action on transition mutation rate was also more 
sustained, maintaining a high viral inhibition, >70% up to 
2.0 days (90% CI, 2.0–3.0) after treatment completion. 
Consequently, 5-day molnupiravir shortened the time to viral 
clearance by 1.5 days (90% CI, 0.5–2.5) as compared with un
treated individuals.

Molnupiravir Shortens the Clearance of Infectious Virus

A model assuming an association between positive culture and 
the amount of infectious virus, VI, best described the data (odds 
ratio, 4.68; 90% CI, 3.71–5.65; Supplementary Figure 2, 
Supplementary Table 5). The model predicted that molnupira
vir lowered the amount of infectious virus via an inhibition of 
viral RNA, decreasing the time to clearance of infectious virus, 
with a median time to achieve 5% viral culture positivity of 2.5 
days (90% CI, 2.5–3.0) vs 5.0 days (90% CI, 4.5–5.5) in untreat
ed individuals (Figure 6). Incorporating an independent effect 
of molnupiravir intake did not improve model predictions.

Impact of Different Treatment Durations

Next we evaluated how different treatment durations affect vi
ral kinetics (Figure 4). Although a 5-day regimen would reduce 
the median times to clearance for viral RNA and infectious vi
rus by approximately 2 days, the model predicted that viral load 
remained detectable in the majority of patients (82%) at treat
ment completion. Consequently, treatment interruption could 
also increase the rate of viral rebound to 5% (90% CI, 3%–8%) 
vs 0% (90% CI, 0–.4%) in untreated individuals. Longer treat
ment could decrease the time to undetectable PCR to 12, 11, 
9, and 9 days following 5-, 7-, 10-, and 14-day regimens, respec
tively. Accordingly, viral rebound rates would decrease with 
longer treatment duration, with predicted value of 5%, 5%, 
4%, and 3% following 5-, 7-, 10-, and 14-day regimens. 
Notably, longer treatment would have only a minimal effect 
on time to clearance of infectious virus (Figure 6).

We conducted similar simulations assuming that molnupir
avir would be given, not as a curative treatment as done in 
PANORAMIC trial, but as a postexposure prophylaxis given 
1 day after infection. A treatment duration <10 days increased 
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the time to viral clearance and virologic burden as compared 
with untreated individuals (Supplementary Figures 3 and 4).

Finally, we verified that a model assuming that molnupiravir 
acts directly on viral infectivity (ie, decreases the proportion of 
infectious virus, noted μ; Supplementary Table 6) would pro
vide similar conclusions on the optimal treatment duration 
(Supplementary Figure 5).

DISCUSSION

In this article, we developed a mathematical model to fit virolog
ic, immunologic, and mutagenesis data in patients treated with 
molnupiravir. Our findings suggest that molnupiravir was 
largely effective, inhibiting viral replication by 93% at the end 

of 5-day regimens. While 5-day molnupiravir shortened the me
dian time to viral clearance by about 2 days, our model predicted 
that 10-day regimens could further shorten time to viral clear
ance and reduce viral rebound rates after treatment completion.

Mechanistically, our model assumes that molnupiravir in
hibits viral replication [19], with a mechanism that directly af
fects viral production and another one mediated by an 
increased transition mutation rate. This mechanism of action 
can be explained by 2-step viral inhibition [20, 21], character
ized by relatively high selectivity of molnupiravir for incorpo
ration as a cytidine triphosphate analogue, followed by 
indiscriminate incorporation of either triphosphorylated 
adenosine (mutagenesis) or guanosine with molnupiravir lo
calized in the template. This distinguishes molnupiravir from 

Figure 3. Individual fits for nasopharyngeal viral load (left), spike antibodies (middle), and proportion of transition mutation (right) from 8 PANORAMIC participants. Gray 
circles, observed data; white circles, data below the limit of quantification; solid curves, model predictions (gray, untreated; blue, treated); black horizontal dashed lines, limit 
of quantification; red vertical dashed lines, symptom onset; shaded area, molnupiravir treatment period.
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remdesivir [21] and nirmatrelvir/ritonavir [22], which act on 
viral replication only via direct inhibition, and may suggest a 
role for drug combination, as found in experimental models 
[23, 24]. Our analysis elucidated molnupiravir dual antiviral ac
tion: while direct viral inhibition occurred immediately upon 
treatment initiation, the mutagenesis-related effect built up 
more progressively and remained more sustained after treat
ment completion (Figure 5). However, our model did not iden
tify a specific effect on the infectivity of viral particles [25–28]. 
According to our model, viral infectivity would be nonspecifi
cally inhibited via the reduction of overall viral replication. 
Thus, molnupiravir would shorten viral infectiousness, not 
highly by preventing the formation of infectious particles, but 
primarily via an inhibition of viral production.

Mathematically, a drug acting purely on infectious virions 
would not be expected to produce a major effect on viral dynamics 
if administered after viral peak [29], which is the case here. Indeed, 
in the viral declining phase, most virus originates from cells that 
are already infected, and the number of new cell infections dimin
ishes rapidly. In contrast, a drug reducing viral production would 
have a much stronger effect on viral load, as it would immediately 

reduce the average production from infected cells. Accordingly, 
reproducing a sensible effect of molnupiravir on viral load re
quires an assumption that molnupiravir almost fully suppresses 
the production of infectious particles (Supplementary Table 2). 
This may explain why clinical trial simulation models assuming 
molnupiravir action only on infectious particles have estimated 
much higher in vivo potency of molnupiravir than estimated in 
vitro [30]. Here, in all scenarios, a model assuming molnupiravir 
action on viral production fitted the data better than assuming an 
effect on infectivity. We nonetheless performed a sensitivity anal
ysis using a model where molnupiravir would act exclusively on 
reducing the proportion of infectious virus, with no effect on viral 
replication (Supplementary Table 6, Supplementary Figure 5). 
While showing a much larger mutation-independent antiviral ef
fect (>90%), the model still predicted 10 days as the optimal treat
ment duration, as found for nirmatrelvir/ritonavir [2, 7, 31–33]. 
We also examined whether treatment duration could be influ
enced by the timing of treatment initiation. Using molnupiravir 
as a postexposure prophylaxis would require even longer treat
ment duration and suggests that 14-day administration could be 
relevant.

Table 1. Final Estimates for Data on Nasopharyngeal Viral Load, Spike Antibodies, and Proportion of Transition Mutation in PANORAMIC Trial

Parameter (Unit) Estimate (RSE, %) IIV (RSE, %)

Viral kinetics

Viral infectivity (copy−1.mL.d−1) β 1.2 × 10−5 (14) …

Conversion rate from target cells to refractory cells (cell−1.d−1) ϕ 3.2 × 10−5 (142) 3.17 (7)

Conversion rate from refractory cells to target cells (d−1) ρ 2.2 × 10−3 (40) 1.79 (17)

Initial loss rate of infected cells (d−1) δ0 0.64 (5) …

Initial number of virions produced from infected cells (copies.cells−1.mL−1.d−1) π0 4.8 × 104 (30) 0.57 (38)

Maximal effect size of molnupiravir on viral production ϵM→V 0.67 (9) 1.07 (33)

Spike antibodies

Maximum spike antibodies (IU.mL−1) Amax 2.4 × 104 (8) 0.5 (6)

Asymptote coefficient α1 0.56 (9) 0.33 (11)

Inherent production rate α2 0.05 (6) 0.60 (6)

Time of inflexion from infection (days) tA 9.31 (5) …

Maximal antibody effect on infected cell elimination ϵA 1.08 (14) 0.72 (6)

Spike antibodies producing 90% maximal effect (IU.mL−1) A90 1.7 × 104 (33) …

Viral mutation

Initial proportion of transition mutations P0 0.65 (0.3) …

Growth rate of transition mutation proportion (d−1) kP 0.02 (8) 0.01 (12)

Transfer rate between molnupiravir plasma and effect compartments (d−1) ke0 0.50 (45) 0.85 (9)

Effect size of molnupiravir on transition mutation proportion ϵM→P 3.09 (9) 0.37 (21)

Effect size of transition mutation proportion on viral production ϵP 1.09 (15) 0.61 (19)

Covariates

Effect size of age on transfer rate from target cells to refractory cells (ln.y−1) βAge/ϕ −0.07 (39)

Effect size of age on transfer rate between molnupiravir pharmacokinetic compartments (ln.y−1) βAge/ke0 −0.03 (29)

Effect size of male on antibody asymptote coefficient βMale/α1 0.16 (32)

Effect size of male on maximal antibody effect βMale/ϵA −0.34 (24)

Error model

Viral load (log10 copies.mL−1) σV 0.80 (2)

Spike antibodies (log10 IU.mL−1) σA 0.16 (3)

Transition proportions (%) σP 18 (2)

Ellipses (…) indicate parameter not estimated.

Abbreviations: IIV, interindividual variability; RSE, relative standard error.
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Consistent with previous works [13, 31, 32, 34], our model 
identified the role of an interferon response—specifically, that 
it leads to a compartment of infection-refractory cells—thereby 
reinforcing the importance of innate immunity to characterize 
SARS-CoV-2 viral dynamics. The model also included an adap
tive immune response, leading to a faster clearance of infected 
cells over time. Nevertheless, the model still overlooks complex 
mechanisms that could modify our understanding of molnu
piravir’s mechanism of action. First, given that the model as
sumes that the upper respiratory tract is one perfectly mixed 
environment, it does not include potential spatial and compart
mentalization effects. Also, we assumed constant antibody neu
tralizing activity over time, which neglects the possibility that 

infection-induced antibodies may have different neutralizing 
activity from baseline counterparts resulting from former vac
cination. Another important assumption of our model involves 
molnupiravir pharmacokinetics with an exponential growth 
and decline. This might oversimplify the complex and highly 
variable pharmacokinetics/pharmacodynamics of molnupira
vir, including its metabolism to N4-hydroxycytidine [35, 36].

It is important to underline that our model prediction about 
a molnupiravir-induced decrease in viral infectiousness cannot 
be used to discuss how the drug affect mutant formation and 
transmission. Indeed, without data on observed viral fitness, 
we did not integrate any effect of selection pressure in the 
model. Therefore, our model cannot predict whether 

Figure 4. Predicted impact of treatment duration on viral load, spike antibodies, and proportion of transition mutations. Horizontal dashed line, limit of quantification 
(2.0 log10 copies/mL). *Time since treatment initiation. **Time after treatment completion. ***Calculated from treatment initiation to sustained negative result on polymer
ase chain reaction. Results are displayed as the median profile/value and its 90% CI for 100 replicates of 250 individuals. Abbreviation: AUC, area under the curve.

Figure 5. Molnupiravir inhibits RNA viral production via 2 mechanisms of action. Left, viral production from infected cells predicted by the model; right, impact on viral load; 
solid gray, control; dotted cyan, molnupiravir direct viral inhibition (EM→V); dashed cyan, molnupiravir viral inhibition via transition mutation only (EM→P); solid cyan, combined 
effect; horizontal dashed line, limit of quantification (2.0 log10 copies/mL). Results are displayed as the median profile/value and its 90% CI for 100 replicates of 250 
individuals.
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molnupiravir increases the risk of generating viable highly mu
tant viruses. In that context, extending treatment duration of 
molnupiravir potentially risks generating more transmissible 
mutants, as SARS-CoV-2 remained culturable up to 9 days after 
molnupiravir cessation in 5% of treated participants [7]. 
Likewise, our model does not integrate the potential impact 
of viral rebound on symptom resolution or post–COVID-19 
conditions. While our models support the use of longer courses 
of molnupiravir, clinical trials are therefore warranted to assess 
the benefit-risk of this strategy at the individual and population 
levels.

CONCLUSION

Our model suggests that molnupiravir achieves high-level effi
cacy in inhibiting viral replication. Longer administration of 
molnupiravir may reduce rebound rates and improve time to 
viral clearance.
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