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7) Service de Maladies Infectieuses, Hôpital Necker Enfants malades, APHP, Paris, France
8) Universit�e des Antilles INSERM PCCEI UMR 1058 Universit�e de Montpellier EFS, CHU de Martinique and INSERM, Fort-de-France, Martinique, France
9) Emergency Department, Bichat-Claude Bernard Hospital, Paris, France
10) Emergency Department, Hospital Centre of Agen, Agen, France
11) Infectious Diseases Department, St Antoine Hospital, Sorbonne Universit�e, INSERM IPLESP, Paris, France
12) Service de M�edecine Interne - Maladies Infectieuses, CHRU Tours, Tours, France
13) Service des Maladies Infectieuses et Tropicales, Hôpital de la Piti�e Salpêtri�ere, Assistance Publique Hôpitaux de Paris, Universit�e de Paris Sorbonne, Paris,
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Objectives: Our aim was to compare the clinical and virological outcomes in Omicron BA.1- and BA.2-
infected patients who received sotrovimab with those in patients who received nirmatrelvir for the
prevention of severe COVID-19.
Methods: In this multi-centric, prospective ANRS 0003S CoCoPrev cohort study, patients at a high risk of
progression of mild-to-moderate BA.1 or BA.2 COVID-19 who received sotrovimab or nirmatrelvir were
included. The proportion of patients with progression to severe COVID-19, time between the start of
treatment to negative PCR conversion, SARS-CoV-2 viral decay, and characterization of resistance vari-
ants were determined. A multi-variable Cox proportional hazard model was used to determine the time
to negative PCR conversion and a mixed-effect model for the dynamics of viral decay.
Results: Amongst 255 included patients, 199 (80%) received �3 vaccine doses, 195 (76%) received
sotrovimab, and 60 (24%) received nirmatrelvir. On day 28, new COVID-19-related hospitalization
occurred in 4 of 193 (2%; 95% CI, 1e5%) sotrovimab-treated patients and 0 of 55 nirmatrelvir-treated
patients (p 0.24). One out of the 55 nirmatrelvir-treated patients died (2%; 95% CI, 0e10%). The me-
dian time to negative PCR conversion was 11.5 days (95% CI, 10.5e13) in the sotrovimab-treated patients
vs. 4 days (95% CI, 4e9) in the nirmatrelvir-treated patients (p < 0.001). Viral decay was faster in the
patients who received nirmatrelvir (p < 0.001). In the multi-variable analysis, nirmatrelvir and naso-
pharyngeal PCR cycle threshold values were independently associated with faster conversion to negative
PCR (hazard ratio, 2.35; 95% CI, 1.56e3.56; p < 0.0001 and hazard ratio, 1.05; 95% CI, 1.01e1.08; p 0.01,
respectively).
Conclusions: Early administration of nirmatrelvir in high-risk patients compared with that of sotrovimab
was associated with faster viral clearance. This may participate to decrease transmission and prevent
viral resistance. Guillaume Martin-Blondel, Clin Microbiol Infect 2023;▪:1
© 2022 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All

rights reserved.
Introduction

The neutralizing antibody sotrovimab, which targets the spike
protein of SARS-CoV-2, and the protease inhibitor nirmatrelvir
(associated with ritonavir) have been shown to reduce the risk of
COVID-19-related hospitalization and death in unvaccinated out-
patients at the risk of progression [1,2]. We recently reported in a
prospective, real-life cohort study that after early administration of
sotrovimab, the clinical and virological outcomes in high-risk pa-
tients with mild-to-moderate COVID-19 due to the Omicron BA.1
and BA.2 sub-lineages were similarly good [3]. Nirmatrelvir, for
which the susceptibilities of the BA.1 and BA.2 sub-lineages were
comparable with those of the ancestral strain [4], was shown to
reduce the risk of severe COVID-19 during the Omicron surge in
Israel [5]. Our aim was to compare the clinical and virological
outcomes in Omicron BA.1- and BA.2-infected patients with mild-
to-moderate COVID-19 who received sotrovimab with those in
patients who received nirmatrelvir for the prevention of progres-
sion to severe COVID-19.

Methods

Our study was based on the “Agence Nationale de Recherche sur
le SIDA et les h�epatites virales” (ANRS) “Pr�evention des complica-
tions de la COVID-19” (CoCoPrev) study (NCT04885452 [6]), an
ongoing multi-centric, prospective cohort study which includes
patients at a high risk of severe COVID-19 and having PCR-proven
mild-to-moderate COVID-19 in the first 5 days of symptoms.
Treatment initiationwas left at the treatingphysician's discretion. In
this study, we included all patients infected with the Omicron BA.1
or BA.2 sub-lineage who received a single infusion of 500 mg of
intravenous sotrovimab or 5 days of oral nirmatrelvir between 24
January 2022 and 5 May 2022. The outcome in most patients who
received sotrovimab was previously reported [3]. The primary
outcome was the proportion of patients with COVID-19-related
hospitalization or death on day 28 after treatment administration.
t al., Time to negative PCR co
imab or nirmatrelvir, Clinical
The secondary outcomes were the time to negative conversion of
nasopharyngeal SARS-CoV-2 PCR (defined as the first negative PCR
conversion or with a cycle threshold [Ct] value of >31); predictive
factors related to negative PCR conversion; dynamics of viral decay,
estimatedusing the slope of changes over time in theCt value,which
was assessed using PCR; and genotypic characterization of resistant
variants (please see supplementary material [3]). The survival time
was calculated as the time from the start of treatment until the first
negative PCR conversion. A multi-variable Cox proportional hazard
model was used to estimate the effect of nirmatrelvir and sotrovi-
mab on the time to negative PCR conversion, and Kaplan Meier
curves were drawn. Mixed-effect models were used to estimate the
temporal dynamics of the Ct value. The protocol was approved by
the “CPP Sud-Est IV”Ethics Committee (Paris, France) and the French
Regulatory Authority. Written informed consent was obtained from
each patient before enrolment.

Results

The baseline characteristics of 255 consecutive patients are
presented in Table S1. Of them, 195 (76%) received sotrovimab and
60 (24%) received nirmatrelvir.

The clinical outcomes 7 and 28 days after treatment adminis-
tration are presented in Table S2. On day 28, 4 of 193 (2%; 95% CI,
1e5%) sotrovimab-treated patients and 0 of 55 nirmatrelvir-treated
patients were hospitalized because of COVID-19 (p 0.24). A single
patient from the nirmatrelvir-treated group died of COVID-19 (1/
55; 2%; 95% CI, 0e10%). On day 7, a lower proportion of sotrovimab-
treated patients experienced improvement of symptoms (127/193
[71%]) compared with that of patients who received nirmatrelvir
(49/60 [89%], p 0.02).

The median time to negative nasopharyngeal PCR conversion
was 11.5 days (95% CI, 10.5e13) amongst the patients who received
sotrovimab and 4 days (95% CI, 4e9) amongst those who received
nirmatrelvir (Fig. 1(a), p < 0.0001). The slope of Ct values of gene N,
adjusted or not for age and immunosuppressive conditions, was
nversion amongst high-risk patients with mild-to-moderate Omicron
Microbiology and Infection, https://doi.org/10.1016/j.cmi.2022.12.016
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consistently steeper in the nirmatrelvir-treated group than in the
sotrovimab-treated group (Fig. 1(b), p < 0.001). Finally, the pro-
portion of patients who negatively converted their nasopharyngeal
PCR on days 7, 14, and 21 was significantly higher amongst the
nirmatrelvir-treated patients (p < 0.0001, p 0.01, and p 0.02,
respectively; Table S2). Amongst BA.1-infected patients, the median
time to PCR conversion was 12.5 days (95% CI, 10.5e14) in the
sotrovimab-treated group and 5 days (95% CI, 1e12.5) in the
nirmatrelvir-treated group (Fig. 1(c), p 0.01). Amongst BA.2-
infected patients, the median time was 10.5 (95% CI, 8e12.5) and
4 days (95% CI, 4e9), respectively. The slope of the Ct values of gene
N was consistently steeper in the patients who received nirma-
trelvir than in those who received sotrovimab (Fig. 1(d); p < 0.003
for BA.1-infected patients and p 0.001 for BA.2-infected patients).
Fig. 1. Time to negative conversion of nasopharyngeal SARS-CoV-2 PCR and changes in cyc
BA.2 sub-lineages. (a) The survival probability plot for the event of negative PCR conversio
infected patients treated with sotrovimab (not adjusted on variables at baseline). The p fo
between the survival curves. (b) Mixed model for Ct of gene N for 60 Omicron-infected
sotrovimab (not adjusted on variables at baseline). The p for the slope was <0.0001. After a
remained <0.0001. (c) The survival probability plots for the event of negative PCR conversio
treated with sotrovimab (the p for the log-rank test was 0.01) and for 49 BA.2-infected patie
p for the log-rank test was 0.1). The p was 0.06 for the comparison of BA.1- vs. BA.2-infected
patients treated with nirmatrelvir. (d) Mixed model for Ct of gene N for 10 BA.1-infected and
infected patients treated with sotrovimab. The p for the slope was 0.003 for BA.1-infecte
immunosuppression status at baseline, the p for the slope remained at 0.003 and 0.001 re

Please cite this article as: Martin-Blondel G et al., Time to negative PCR co
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Nirmatrelvir and the nasopharyngeal PCR Ct values on day 0 were
independently associated with faster conversion to negative PCR
(hazard ratio, 2.35; 95% CI, 1.56e3.56; p < 0.0001 and hazard ratio,
1.05; 95% CI, 1.01e1.08; p 0.01, respectively) after adjustments for
age, immunosuppressive conditions, Omicron sub-lineage, time
between the onset of symptoms and initiation of treatment, and Ct
value of nasopharyngeal PCR on day 0 (Table 1). Although we
previously reported the occurrence of mutations in the spike pro-
tein in sotrovimab-treated patients [3], no mutation in the protease
was observed before conversion to negative PCR amongst 26
nirmatrelvir-treated patients with successful sequence amplifica-
tion on day 0 and with at least 1 follow-up sample (median time,
7 days). No major side effect was reported by the treating
physicians.
le threshold (Ct) values of gene N according to treatment as well as Omicron BA.1 and
n amongst 60 Omicron-infected patients treated with nirmatrelvir and 195 Omicron-
r the log-rank test (p < 0.0001) indicates strong evidence of a significant difference
patients treated with nirmatrelvir and 195 Omicron-infected patients treated with

djustment for age class and immunosuppression status at baseline, the p for the slope
n for 10 BA.1-infected patients treated with nirmatrelvir vs. 140 BA.1-infected patients
nts treated with nirmatrelvir vs. 43 BA.2-infected patients treated with sotrovimab (the
patients treated with sotrovimab and 0.84 for the comparison of BA.1- vs. BA.2-infected
49 BA.2-infected patients treated with nirmatrelvir and 140 BA.1-infected and 43 BA.2-
d patients and 0.001 for BA.2-infected patients. After adjustment for age class and

spectively. Ct, cycle threshold.

nversion amongst high-risk patients with mild-to-moderate Omicron
Microbiology and Infection, https://doi.org/10.1016/j.cmi.2022.12.016
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Discussion

In this prospective, real-life cohort study of Omicron BA.1- and
BA.2-infected patients at a very high risk of progression to severe
COVID-19, although the frequency of COVID-19-related complica-
tions was equally low, early administration of nirmatrelvir
compared with that of sotrovimab was associated with a faster
decline in upper SARS-CoV-2 viral load, shorter time to negative
nasopharyngeal PCR conversion, and higher proportion of patients
with symptom alleviation 7 days after treatment start.

In our study, both the nirmatrelvir- and sotrovimab-treated
patients, although at a high risk of severe COVID-19, experienced
a low rate of COVID-19 progression, supporting the real-life effec-
tiveness of both the strategies in Omicron BA.1 and BA.2 settings
[3,5]. However, nirmatrelvir initiated in the first 5 days after the
onset of symptoms accelerates viral clearance and independently
increases the probability of negative PCR conversion compared
with sotrovimab. Nirmatrelvir also had the greatest anti-viral ac-
tivity compared with sotrovimab, remdesivir, and molnupiravir in
another real-life observational study which was conducted in the
same time period in Italy [7]. A shorter time to achieve low viral
loads in nirmatrelvir-treated patients compared with that in un-
treated controls was shown in patients hospitalized for mild-to-
moderate COVID-19 due to Omicron [8]. This could have 2 impor-
tant consequences, in addition to the prevention of COVID-19
progression. First, reduced viral shedding may translate to
decreased transmission, with a public health benefit [9]. Second,
viral eradication may prevent the emergence of viruses resistant to
nirmatrelvir through 3-chymotrypsin-like cysteine protease mu-
tations [10]. Finally, nirmatrelvir used in combined therapies may
prevent the emergence of variants escaping anti-spikemono-clonal
antibodies in immunocompromised patients [11].

As experienced in another real-life study [7], nirmatrelvir- and
sotrovimab-based strategies were not used in the same patients.
Nirmatrelvir was prescribed mainly to BA.2-infected patients
because the drug was made available under compassionate use
authorization in France on 20 January 2022, when the BA.2 sub-
lineage was beginning to replace the BA.1 sub-lineage, because
lower in vitro neutralizing ability of sotrovimab on the BA.2 sub-
lineage was demonstrated [12]. Although sotrovimab was associ-
ated with a low incidence of the progression of COVID-19 due to
Omicron BA.2 amongst very-high-risk out-patients, with no emer-
gence of mutations [3], the WHO recently made a strong recom-
mendation against its use [13]. The low proportion of transplant
recipients amongst nirmatrelvir-treated patients reflects complex
ritonavir-mediated drug-drug interactions, representing an impor-
tant limitation to its use [14]. In patients who could not receive
Table 1
Survival analysis for the effect of nirmatrelvir and sotrovimab on the risk of negative
PCR conversion (adjusted for age class, immunosuppression status, Omicron sub-
lineage, time between the onset of symptoms and initiation of treatment, and cy-
cle threshold value of nasopharyngeal PCR on day 0)

Variable Hazard ratio 95% CI p

Treatment Nirmatrelvir vs.
sotrovimab

2.35 1.56e3.56 <0.0001

Age (y) �80 vs. <80 0.71 0.45e1.15 0.17
Immunosuppressive

conditions
Yes vs. no 0.63 0.43e0.91 0.01

Omicron sub-lineage BA.2 vs. BA.1 1.51 1.12e2.01 0.01
Time between symptoms

and initiation of
treatment

0.99 0.88e1.08 0.90

Ct value of nasopharyngeal
PCR on d 0

1.05 1.01e1.08 0.01

Ct, cycle threshold.

Please cite this article as: Martin-Blondel G et al., Time to negative PCR co
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nirmatrelvir, molnupiravir [8], or remdesivir [15], all of which retain
activity against the Omicron BA.4 or BA.5 sub-variant dominant
since June 2022 [16] could be discussed. The use of bebtelovimab is
now hampered by the emergence of the BQ1.1 sub-variant [17].

Although our study is limited by the relatively small number of
nirmatrelvir-treated patients, we believe that the high-risk profile
of the treated patients and the comparison with sotrovimab are of
interest. Although the slopes of the Ct values of gene N of the BA.1
and BA.2-infected patients were consistently steeper amongst the
nirmatrelvir-treated patients, the median time to PCR conversion
amongst the BA.2-infected patients did not significantly differ be-
tween the nirmatrelvir- and sotrovimab-treated patients, presum-
ably because of lack of statistical power. No symptomatic rebound
of COVID-19 was observed after nirmatrelvir completion; however,
our study was not designed to capture viral load rebound with
potential mutations after conversion to negative PCR. Finally, re-
sidual confounding biases related to the cohort study's design may
have been underestimated.

In conclusion, although both the strategies were associated with
a low frequency of progression to severe COVID-19, nirmatrelvir was
associated with faster viral clearance compared with sotrovimab.
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Charlotte Billard (Hôpital St Antoine, Paris); Nathalie De Castro,
Geoffroy Li�egeon, Blandine Denis, Jean-Michel Molina, and Lucia
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Aline Remillon, Laure Absensur-Vuillaume, and Pauline Bouquet
(CHU de Metz); Albert Trinh-Duc and Patrick Rispal (Hôpital
d’Agen); Philippe Petua and Julien Carillo (Hôpital de Tarbes);
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