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Background: The antiviral efficacy of remdesivir in COVID-19 hospitalized patients remains controversial.

Objectives: To estimate the effect of remdesivir in blocking viral replication.

Methods: We analysed nasopharyngeal normalized viral loads from 665 hospitalized patients included in the
DisCoVeRy trial (NCT 04315948; EudraCT 2020-000936-23), randomized to either standard of care (SoC) or SoC+
remdesivir. We used a mathematical model to reconstruct viral kinetic profiles and estimate the antiviral efficacy
of remdesivir in blocking viral replication. Additional analyses were conducted stratified on time of treatment initi-
ation (≤7 or .7 days since symptom onset) or viral load at randomization (, or ≥3.5 log10 copies/10

4 cells).

Results: In our model, remdesivir reduced viral production by infected cells by 2-fold on average (95% CI:
1.5–3.2-fold). Model-based simulations predict that remdesivir reduced time to viral clearance by 0.7 days com-
pared with SoC, with large inter-individual variabilities (IQR: 0.0–1.3 days). Remdesivir had a larger impact in pa-
tients with high viral load at randomization, reducing viral production by 5-fold on average (95% CI: 2.8–25-fold)
and the median time to viral clearance by 2.4 days (IQR: 0.9–4.5 days).
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Conclusions: Remdesivir halved viral production, leading to a median reduction of 0.7 days in the time to viral
clearance compared with SoC. The efficacy was larger in patients with high viral load at randomization.

Introduction
Remarkable progress has recently been made in finding effective
antiviral treatments in SARS-CoV-2-infected patients that can
prevent disease progression and hospitalization. These treat-
ments, which can rely either on monoclonal antibodies1,2 or
small molecules,3,4 need to be administered early in the infec-
tion, typically in the first week after symptom onset, to be fully
effective. Although the use of monoclonal antibodies has shown
some encouraging results in the Recovery trial,5 the role of anti-
viral treatments in hospitalized patients to prevent mechanical
ventilation and death remains unclear. Among these drugs, re-
mdesivir has received an emergency use authorization for the
treatment of COVID-19 hospitalized patients in several countries,
and is approved for hospitalized patients in the United States.6

However, its clinical efficacy remains controversial, with some
randomized clinical trials pointing to efficacy in preventing dis-
ease worsening, and others finding no efficacy.7–10

Remdesivir is a nucleoside analogue prodrug inhibiting RNApoly-
merase activity of several viruses11 that has shown antiviral activity
against SARS-CoV-2 both in vitro and in animal models.12–14 An im-
portant element to precisely evaluate remdesivir is to analyse its
effect on viral dynamics, which is likely a prerequisite to clinical ef-
ficacy. However, results fromthe literature are still scarce. In three
randomizedandcontrolledclinical trials, nodifference inviral load
levelswere foundbetweenhospitalized patients receiving remde-
sivir and those that did not receive remdesivir.7,10,15 In two of
these studies,7,8 the analysis of the effect was hampered by lim-
ited number of patients (with 237 and 181 patients included) and
by the design of the analysis, which compared viral load at differ-
ent timepoints and not the overall effect on viral dynamics.7

Moreover, the results remained limited by the heterogeneity in
the biological samples and the molecular techniques used. In
the larger DisCoVeRy trial, which used normalized viral loads,15

no effect of remdesivir on viral dynamics was found, but the vari-
ability of the time interval between the onset of symptoms and
treatment initiation, which is a key factor for antiviral drug evalu-
ation,16,17was not considered.One potential approach to address
this issue is to use a model-based approach to reconstitute the
precise effect of treatment on the course of viral dynamics, as
we previously showed in a cohort of hospitalized patients.18

Here, we developed this approach to estimate the effect of re-
mdesivir in inhibiting viral replication. We used normalized and
centralized data on viral kinetics from the European randomized
controlled DisCoVeRy trial that compared the efficacy of remde-
sivir plus standard of care (SoC) with SoC alone in COVID-19 hos-
pitalized patients.15,19

Patients and methods
Study design and data collection
Hospitalized patients with a laboratory-confirmed SARS-CoV-2 infection
were enrolled in the DisCoVeRy trial (NCT 04315948; EudraCT

2020-000936-2315), sponsored by the Institut national de la santé et de la
recherche médicale (Inserm, France). Written informed consent was ob-
tained from all included participants (or their legal representatives if unable
to consent). We analysed the results obtained frompatients allocated to re-
ceive either SoC alone or SoC plus remdesivir between March 2020 and
January 2021, hospitalized at 48 different sites in France, Belgium,
Portugal, Austria and Luxembourg, and for whom nasopharyngeal swabs
were available. Given that patients who were reported to arrive very late in
their disease could be indicative of a poor reporting of the time of symptom
onset, we removed from our analysis the N=17 patients whose delay be-
tween the reported time of symptomonset and the randomization was lar-
ger than 20 days. Remdesivir was administered intravenously at a loading
dose of 200mg on day 1 followed by 100mg infusions once-daily for up
to10 days.Moredetailsonstudydesign,ethicsapproval and inclusion/exclu-
sion criteria can be found in the initial trial report.15

Viral load measurements
Normalized viral load in samples was measured at randomization and at
days 3, 5, 8, 11, 15+2 and 29+3 after randomization, in nasopharyn-
geal swabs collected through validated devices containing flocked swabs
and virus transport medium.

To allow the comparison of samples of different qualities (cell rich-
ness) we followed the samemethodology of normalized viral load devel-
oped previously in the context of influenza virus infection.20 In brief, the
normalized SARS-CoV-2 viral load was determined by RT-PCR blinded to
treatment arm, divided by the number of cells measured (quantification
of HPRT-1 housekeeping gene) and expressed in copies per 104 cells. All
samples were centralized and analysed in the same laboratory at the
National Centre for Viral Respiratory Infections (Hospices Civils de Lyon,
France). We estimated the limit of detection (LoD) as 1 log10 copies/104

cells and all viral loads strictly below LoD were considered as censored.15

Viral loadwas also assessed in broncho-alveolar lavage (BAL) fluids for
a subset of patients, at the clinician’s discretion (see Discussion).

Viral dynamics model
We used a mathematical model to reconstruct the viral kinetics from the
time of infection (t=0) until viral clearance. The model incorporates an
effect of remdesivir, denoted as ɛ, that reduces viral production after a
pharmacological delay, denoted as τ. The estimation of both viral kinetic
and treatment parameters was obtained through fitting of the model
to the virological data from both remdesivir-treated and -untreated
patients from the Discovery trial.

Model equations

Given the small number of patients hospitalized in the first days after
symptom onset,15 we used a target-cell limited model with an eclipse
phase to characterize viral dynamics,18 and did not consider more com-
plex models.18 The model includes target cells (T) and infected cells, that
are initially non-productive (I1)during the eclipse phase and become sub-
sequently productively infected (I2). The model assumes that target cells
are infected at a constant infection rate β, and the mean duration of the
eclipse phase is noted 1/k. Productively infected cells have a constant loss
rate, denoted δ, that differs between patients above or below 65 years
old.18 Each infected cell produces p viral particles per day, but only a frac-
tion of these particles, μ are infectious. We note V the sum of infectious
viral particles, Vi and of non-infectious viral particles, Vni and both are
cleared at rate c. The model can be written as:
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dT
dt

= −bViT

dI1
dt

= bViT − kI1

dI2
dt

= kI1 − dI2

dVi

dt
= pmI2 − cVi

dVni

dt
= p(1− m)I2 − cVni (1)

At the time of infection, we assumed that there is exactly one productive-
ly infected cell I2 in the entire nasopharyngeal tract, thus: T=T0; I1=0;
I2=1; Vi=0; Vni=0. The basic reproductive number R0, defined as the
number of secondary infected cells resulting from one infected cell in a
population of fully susceptible cells, is equal to βpT0μ/cδwhere T0, the to-
tal number of susceptible cells, is equal to 4×106 cells.21 We used a scal-
ing factor, f, to convert V into a normalized viral load and we note Vobs=
f×V. As only the parameter p×f can be estimated, we assumed without
loss of generality that the proportion of susceptible cells in the biological
sample was on average 10-fold lower than in the nasopharyngeal com-
partment, i.e. 0.1%.21 Thus, we fixed f to 10−3×104/4×106=2.5×10−6.
Changing the value of the scaling factor would affect the estimate of p,
but not the value of the other parameters, including the estimation of
R0 and the treatment efficacy (see below).

We fixed c to 10 days−1, k to 4 days−1 and μ to 10−4 as previously pub-
lished.16,18,22 Further we fixed the time of infection to 5 days prior to
symptom onset in all individuals, which corresponds to the mean dur-
ation of the incubation phase.18 We estimated p and δ as well as their in-
terindividual variabilities. Given the lack of data on the viral upslope, we
also fixed the standard deviation of the random effect associated to R0,
denoted ωR0 to 0.5 (which corresponds to assuming a coefficient of vari-
ation of �50% for this parameter).

Modelling remdesivir effect and pharmacological delay

The initiationof remdesivir reducesviralproductionpbya factor ɛ, aparameter
comprised between 0 (no activity) and 1 (full viral suppression), leading to:

dVi

dt
= (1− 1)pmI2 − cVi

dVni

dt
= (1− 1)p(1− m)I2 − cVni (2)

Active forms of remdesivir have a long mean terminal elimination half-
life (t½) of about 24 h, and in non-human primates reaches steady-state
concentrations at day 4.23 Therefore, we assumed that treatment was
only effective after a certain delay after treatment initiation τ, and we
considered different possible values for τ, ranging from τ=0 (model
M0) to τ=5 (model M5).

We used amodel averaging approach24 to account for the uncertainty
in τ. Thus, the median parameter estimates and their 95% CIs were ob-
tained by sampling in the mixture of the parameter estimate asymptotic
distribution of each model, with weights of model Mi calculated as fol-
lows:

wi =
e−

AICi
2

∑
e−

AICi
2

(3)

where AICi is the Akaike Information Criterion (AIC) of model Mi. We com-
puted themodel averaged likelihood using weights Mi and tested the sig-
nificance of the effect of remdesivir in both models Mi and model
averaging using Likelihood Ratio Test (LRT).25

To quantify and visualize the effect of remdesivir on the time to viral
clearance, 5000 individual profiles were sampled for each candidate
model Mi using the population parameters estimated in Table S1, and
each potential trajectory was selected with a probability wi. Times of
treatment initiation were sampled from the fitted Gamma distribution
of observed times of randomization in the population. For each simulated
individual, we calculated the AUC of viral load and time to reach viral
clearance, and computed the cumulated incidence of viral clearance.
The same individual parameters were used assuming a null treatment
efficacy ɛ, to simulate 5000 untreated individuals and compute the differ-
ence between a treated individual and its own control. Finally, we evalu-
ated the effects of earlier treatment initiation, assuming a fixed time to
treatment initiation of 3, 5, 7 or 9 days after symptom onset.

Sub-analyses according to viral load at admission and time since symptom
onset

Weused the samemodelling strategy in two distinct populations, i.e. in pa-
tients in whom treatment was initiated early (≤7 days since symptom on-
set) and those initiating the treatment.7 days since symptom onset. We
chose the cutoff of 7 days from symptom onset, consistent with the initial
analysis.15 Similarly, we conducted the same analysis in patients with high
or low viral load at admission, taking the cutoff of 3.5 log10 copies/10

4 cells,
which is the threshold level below which the virus cannot be cultured.26

Parameter estimation

Parameters were estimated bymaximum likelihood estimation using the
stochastic approximation expectation–maximization (SAEM) algorithm
implemented in Monolix2020R1 (http://www.lixoft.eu), which provides
estimations of the fixed effects and the standard deviation of their ran-
dom effect (see Supplementary data, available at JAC Online). These es-
timates were then used to perform model averaging and results were
reported as the median and 95% CI of these parameters.

Results
Baseline characteristics and viral load data of analysed
population
A total of 832 patients were evaluable for the primary
intention-to-treat analysis,15 among whom 684 had at least
one nasopharyngeal viral load available (Figure 1 and Figure S1).
Two patients randomized in the remdesivir arm who did not re-
ceive treatment were excluded, as well as 17 patients who were
randomized more than 20 days after onset of symptoms (see
Methods), leaving a total of 665 patients (SoC alone, N=329;
SoC+ remdesivir, N=336) (Table 1; Figures S1 and S2).
Patients were mostly male (N=457, 68.7%), younger than
65 years (N=349, 52.5%) and randomized more than 7 days
after symptom onset (N=455, 68.4%). The median viral load at
randomization was 3.2 log10 copies/104 cells. Overall, 15%
(61/420) of patients had undetectable viral load at symptom on-
set; this proportion was equal to 18% (49/272) in patients rando-
mized .7 days after symptom onset, and it was equal to 8%
(12/148) in patients randomized ≤7 days after symptom onset.

Viral dynamics parameters
Weused a target-cell limitedmodel with an effect of age on the loss
rate of infected cells, δ, (see Methods) which was estimated to
0.88 days−1 (95% CI: 0.80–0.96) in individuals aged ,65 years and
0.75 days−1 (95% CI: 0.67–0.84) in those ≥65 years, respectively
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(P value ,10−3; Table 2). R0 was estimated at 10.6 (95% CI: 8.53–
12.7; Table 2). The viral production p was estimated at 1.20×106

viruses per day (95% CI: 0.66×106–1.7×106), leading to a burst
sizeof infectiousviruses,givenbyp×μ/δof136and160 in individuals
aged,65 years and those aged ≥65 years, respectively.

Estimation of remdesivir effect on viral dynamics
Remdesivir effect, ɛ, was estimated for different putative values
of the pharmacological delay ranging from 0 to 5 days (see
Methods). Using model averaging, we estimated remdesivir to
decrease the viral production p by a factor of 2 (ɛ=52%, 95%
CI: 35%–69%; Table 2) and this effect was statistically significant
in model averaging (P value=0.0031). The antiviral effect of re-
mdesivir, ɛ, was statistically significant for τ=0 to τ=3, with va-
lues equal to 49%, 50%, 53% and 52%, respectively (P value=
0.020, 0.033, 0.0026, 0.0024, respectively, Figure 2; Table S1).

To get a sense of the effect size, we simulated 5000 in silico
virological profiles using the estimated parameter distributions
and we calculated the exact time to viral clearance for each

Figure 1. Nasopharyngeal normalized viral load data in 665 patients from DisCoVeRy trial analysed in the present study. (a) SARS-CoV-2 nasopharyn-
geal viral load according to the time since randomization. (b and c) SARS-CoV-2 nasopharyngeal viral load according to the time since randomization in
patients (N=184) with ≥3.5 log10 copies/10

4 cells (b) and patients (N=236) with,3.5 log10 copies/10
4 cells (c). Data are presented as means (95%

CI). Red lines, patients receiving remdesivir+SoC; green lines, patients receiving SoC only. Tables below show the number of samples available at each
time.

Table 2. Parameter distribution using model averaging

Parameter estimates, median (95% CI)

Parameter Fixed effects
SD of the random

effect ω

R0 10.60 (8.53–12.68) 0.50
δ,65 (days

−1) 0.88 (0.80–0.96) 0.46 (0.41–0.51)
δ≥65 (days

−1) 0.75 (0.67–0.84)
p (106 virus cell−1 days−1)a 1.20 (0.66–1.72) 0.38 (0.14–0.63)
ɛ (%) 52 (35–69) 0.77 (0.18–1.37)
σ (log10 RNA copies/104 cells) 1.14 (1.09–1.19) –

R0, basic reproductive number; δ, loss rate of infected cells; p, rate of viral
production; ɛ, remdesivir effect; σ, residual variability.
aThe value of p depends on the normalization factor used to quantify viral
load (see Methods).

Table 1. Baseline characteristics of the analysed population at
randomization

Characteristics
Standard of care

(N=329)

Standard of
care+ remdesivir

(N=336)

Male gender 222 (67.5%) 235 (69.9%)
Age (years) 64 (53–72) 63 (55–73)
Age ≥65 years 160 (48.6%) 156 (46.4%)
Time from symptom onset to
hospitalization (days)

9 (7–11) 9 (7–11)

Patients admitted within 7 days
of symptom onset

109 (33%) 101 (30%)

Duration of hospital stay (days) 12 (8–24) 13 (10–25)
Deaths 30 (9%) 30 (9%)
Normalized viral load at
randomization (log10 copies/
104 cells)a

3.2 (1.9–4.5) 3.2 (1.8–4.5)

Number of viral samples under
LOQ at randomization (% of
available samples)

24 (12%) 37 (17%)

Results shown are median (IQR) or n (%) depending on the data type.
aViral load data at randomization was not available in 39.8% and 33.9%
of untreated and treated patients, respectively.

Remdesivir and SARS-CoV-2 dynamics
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simulated individual. Remdesivir shortened the time to viral
clearance by 0.7 days (IQR: 0.0–1.3), with a median time to viral
clearance of 14.5 days (IQR: 10.4–20.2 days) and 15.3 days since
symptom onset (IQR: 10.6–21.5 days) in treated and untreated
individuals, respectively (Figure 3a and b). Because patients older

than 65 years had a slower clearance of infected cells (P value
,10−3), they cleared virus less rapidly (15.6 versus 16.6 days in
treated and untreated individuals, respectively, for patients ≥65
years and 13.3 versus 14.1 days in treated and untreated indivi-
duals, respectively, for patients,65 years). In terms of time since

Figure 2. Model-based individual fits for τ=3. Patients represented here are the patientswith seven data points collectedwithin oneweek of symptom
onset. Circles represent detectable viral load, triangles represent data below the limit of quantification. Results obtained by using the individual pre-
dictions of the model τ=3. Red lines and symbols, patients receiving remdesivir+SoC; green lines and symbols, patients receiving SoC only.

Lingas et al.
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randomization, remdesivir led to a time of viral clearance also
reduced by 1 day, with a median time equal to 5.5 days (IQR:
1.0–12.0 days) and 6.5 days (IQR: 1.0–13.0 days) in treated and
untreated individuals, respectively (Figure S3a and c), with initial
undetectability at time of randomization slightly overestimated
as compared with the observations (Table 1). Overall, the max-
imum difference in median viral loads between treated and un-
treated individuals was obtained at day 11.5 post symptom
onset, and equal to 0.24 log10 copies/104 cells (IQR: 0.06–0.39),
corresponding to a 2-fold reduction in viral load levels (Figure 3a).

We repeated the same estimation procedure in subpopulations
stratified by the delay since symptom onset (Figure S4) and by the
viral load at admission. In patients initiating treatment in the first
7 days following symptom onset, remdesivir effect was larger
than 0 only for τ=3 (ɛ=36%; P value=0.041, Table S2a), but it
was not statistically significant by model averaging approach
(P value=0.07, Table S2b). In patients initiating treatment.7 days
after symptom onset, remdesivir effect was no greater than 0 for
any of the models considered (Tables S3a and S3b). In patients
with a high viral load at admission (see Methods, N=184, median
time of admission=8 days since symptom onset, IQR: 6–10,
Figure 1b), remdesivir reduced viral production by 80% (95% CI:
65%–96%), i.e. a reduction by 5-fold compared with SoC, and
this effect was statistically significant in model averaging (P value
,10−5, see Methods, Table S4a). In line with the analysis on the
whole population, remdesivir effect was statistically significant
for values of τ ranging from 0 to 3 days after treatment initiation,
with values equal to 80%, 82%, 50%and55%, respectively (P value
,10−3 for all valuesof τ, Table S4b). In patients admittedwitha low
viral load (N=236,median time of admission=9 days since symp-
tom onset, IQR: 7–12, Figure 1c), remdesivir effect was lower and
was estimated at 49%, with a poor precision of the estimation
(95% CI: 0–100, P value=0.013, Table S5a).

Using parameter distributions estimated in the population with
high viral load at randomization, simulations showed that remde-
sivir led toa time to viral clearance shortenedby2.4 days (IQR: 0.9–
4.5, Figure 4). Further, remdesivir led to amaximum difference be-
tween median viral loads of treated and untreated patients of 0.7
log10 copies/104 cells, reached at 12 days after symptom onset.
Similar effects were obtained when looking at data in terms of
time since randomization, with a median time equal to 10.5 days
(IQR:6.5–14.6 days)and13.5 days (IQR:10.0–18.0 days) in treated
and untreated individuals, respectively (Figure S3b and d).

Discussion
We found that remdesivir had a statistically significant antiviral effi-
cacy, reducing viral production from infected cells by 52% (95% CI:
35%–69%), which corresponds to a 2-fold reduction in viral produc-
tion. The impact on viral dynamics remained modest, with an aver-
age 0.7 days reduction in the time to viral clearance and large
interindividual variability. This explains why less sophisticated ap-
proachesdidnotfindanyeffectof remdesivironviraldynamics.7,10,15

The overall limited antiviral effect of remdesivir may be due to
factors that mitigate a potential effect, in particular the hetero-
geneity in the time between infection and treatment initiation,
as well as variability in viral load levels at the time of treatment
initiation. To explore this question, we here relied on a very rich
dataset of 665 patients, for which viral loads were centralized
and normalized, and we used a model previously developed on
a large cohort of hospitalized patients to disentangle the effects
of remdesivir from the natural clearance of viral load. To identify
factors associated with the effects of remdesivir on viral kinetics,
we performed exploratory analyses by stratifying the population
on timing of treatment initiation in days since symptom onset
and on viral load at randomization, the latter being an

Figure 3. Viral dynamics predicted by the model. (a) Median predicted nasopharyngeal viral dynamics according to the time since symptom onset.
(b) Cumulative incidence of the predicted time to viral clearance. Red line, patients receiving remdesivir+SoC; green lines, patients receiving SoC only.
Results obtained by sampling 5000 individuals in the estimated parameter distributions.
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exploratory analysis not included in the initial trial protocol.We did
not identify a significant effect of remdesivir in patients treated
early, consistent with the results from descriptive models.15 This
may be due to the fact that symptom onset may not be a very
goodproxyof active viral replication and/or to the lackof statistical
power due to the fact that viral load at admission was missing in
about 40% of individuals arriving within 7 days of symptom onset
(Table 1). However, remdesivir effect in reducing viral production
was larger in patients with a high viral load at admission, leading
to amedian reduction of 2.4 days (IQR: 0.9–4.5) in the time to viral
clearance compared with untreated patients. These results there-
fore suggest that remdesivir could be more effective in patients
with high viral load, at a stage of the infection where viral replica-
tion is very active. This hypothesis is consistent with the results of
the Recovery trial,5 which identified a significant effect of mono-
clonal antibody combination REGN-CoV-2 on clinical outcome in
hospitalized patients with a seronegative status at baseline, a fac-
tor associated with high viral load.2,27 The relationship between
treatment effect and viral load was also reported in outpatients
receiving monoclonal antibodies within 7 days of symptom on-
set.2,27 Simulations conducted with our model suggested no dra-
matic difference in viral shedding when administration is initiated
between 3–7 days (Figure S5), but our model did not account for
immunemechanisms that could act, in concertwith early antiviral
treatment, to accelerate viral clearance.22 Consistent with the in-
terpretation that it could be beneficial to administrate remdesivir
as early as possible, results from the Pinetree study showed that
administration of remdesivir in outpatients within 7 days of symp-
tom onset led to a significant reduction of the risk of hospitaliza-
tion.3 However there was no effect of remdesivir on the average
change in nasopharyngeal viral load, but more detailed analyses
taking into account interpatient variability will be needed to esti-
mate the precise effect of remdesivir on viral dynamics.

How does remdesivir antiviral efficacy compare with other
antiviral drugs now available? Our estimated effect of 52% in
the whole population is below the pharmacodynamic target of
90% that we determined previously to achieve clinical efficacy
in hospitalized patients and/or to prevent disease acquisition in
prophylactic setting.16,18,28 It is also probably lower than what
has been shown in outpatients treated with monoclonal anti-
bodies. For instance, 7 days after treatment initiation, the viral
load in ambulatory individuals receiving casirivimab+ imdevi-
mab or bamlanivimab+etesevimab was reduced by 5–10-fold
compared with patients receiving placebo, as compared to
2-fold in our hospitalized population here.2,29 The lower efficacy
of remdesivir could nonetheless be relevant in a combination set-
ting to increase the genetic barrier to resistance due to the emer-
gence of variants of concern.30,31 This could be even more
relevant in patients with high viral load, to reduce the risk of mu-
tation emergence in a context where huge quantities of viral pro-
geny are still produced upon treatment initiation.

We acknowledge some important limitations to our study.
First a more complete evaluation of remdesivir would involve
analysing viral dynamics in the lower respiratory tract, as was
done in non-human primates.13,14 In our study, viral loads in
lower respiratory tracts were available in a subset of 120 indivi-
duals. However, the number of samples was limited and these
individuals had very severe disease (Table S6), making it impos-
sible to provide an unbiased and precise estimate for remdesivir.
Also, our model did not incorporate any time-dependent effects
of the immune response and underestimates the response of
the host in clearing the virus. Further, this model predicts that
a modest antiviral effect reduces the growth rate of virus and
therefore requires more time to deplete all target cells.
Consequently, in this basicmodel treatmentmay have the para-
doxical effect of lowering the viral load but extending the period

Figure 4. Viral dynamics predicted by themodel in the subpopulation of viral load at admission≥3.5 log10 copies/10
4 cells. (a) Median predicted naso-

pharyngeal viral dynamics according to the time since symptom onset. (b) Cumulative incidence of the predicted time to viral clearance. Red lines,
patients receiving remdesivir+SoC; green lines patients receiving SoC only. Results obtained by sampling 5000 individuals in the estimated parameter
distributions.
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of shedding and the time to viral clearance.3 This phenomenon
explains why our model predicts that nearly 25% of patients
would have no benefit of remdesivir in terms of viral clearance.
Second, we could not evaluate the association between remde-
sivir drug concentration and viral decay, which would be import-
ant to obtain more definitive evidence on remdesivir antiviral
activity. Here, drug concentrations were available for only a lim-
ited number of patients (N=61), and no significant association
between drug concentrations and the time to viral clearance
(Figure S6) could be found. Moreover, given that symptom onset
is often after the peak viral load,18,32 a potential bias in the es-
timation of early viral dynamic parameters cannot be ruled out
(see a discussion on this aspect18). Finally, the use of adjuvant
drugs such as corticosteroids or any immunosuppressive treat-
ment that might promote viral replication, as well as the intrin-
sic immune competency of each treated individual have not
been considered.

In conclusion, the use of a within-host model of the infection
allowed us to estimate the in vivo antiviral efficacy of remdesivir
using the nasopharyngeal swabs of hospitalized patients. Overall,
we showed that remdesivir had a modest antiviral activity in re-
ducing viral production, leading to a reduction by 0.7 days of the
time to viral clearance. In exploratory analyses, remdesivir had a
higher antiviral efficacy in patients with high viral load at ran-
domization (≥3.5 log copies/104 cells), leading to a reduction of
time to viral clearance of 2.4 (IQR: 0.9–4.5) days between treated
and untreated patients. The limited effect of remdesivir is con-
sistent with the lack of clinical efficacy in hospitalized patients re-
ported by the DisCoVeRy trial.15
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