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ABSTRACT

Introduction: Different antivirals are available
for the treatment of outpatients with COVID-
19. Our aim was to describe a real-world expe-
rience of outpatient management of COVID-19
subjects at high risk of progression.
Methods: This prospective observational study
conducted in the University Hospital of Pisa

(January 2022–July 2022) included consecutive
COVID-19 outpatients with at least one risk
factor for disease progression. Patients received
nirmatrelvir/ritonavir, molnupiravir, or 3-day
remdesivir, according to the Italian Medicines
Agency (AIFA) indications. All patients were
followed up until 30 days from the first positive
nasopharyngeal swab. The primary endpoint
was a composite of death or hospitalization.
Secondary endpoints were occurrence of
adverse events and a negative test within
10 days from the first positive test. Multivari-
able analysis was performed to identify factors
associated with death or hospitalization.
Results: Overall, 562 outpatients were inclu-
ded: 114 (20.3%) received molnupiravir, 252
(44.8%) nirmatrelvir/ritonavir, and 196 (34.9%)
3-day remdesivir. The composite endpoint
occurred in 2.5% of patients and was more fre-
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quent in patients treated with remdesivir (5.1%)
compared with molnupiravir (1.8%) or nirma-
trelvir/ritonavir (0.8%, ANOVA among groups
p = 0.012). On multivariable Cox regression
analysis, presence of C 3 comorbidities, hema-
tological disease, gastrointestinal symptoms,
and each-day increment from symptoms onset
were factors associated with death or hospital-
ization, while antiviral treatment was not a
predictor. Adverse events occurred more fre-
quently in the nirmatrelvir/ritonavir group
(49.2%). Nirmatrelvir/ritonavir compared with
remdesivir was associated with a higher proba-
bility of having a negative test within 10 days
from the first positive one.
Conclusion: Death or hospitalization did not
differ among high-risk COVID-19 outpatients
treated with currently available antivirals.
Safety and time to a negative test differed
among the three drugs.

Keywords: COVID-19; SARS-CoV-2;
Molnupiravir; Nirmatrelvir/ritonavir;
Remdesivir; Progression

Key Summary Points

In this real-world study, the risk of
COVID-19 progression was not
statistically different in high-risk patients
treated with nirmatrelvir/ritonavir,
molnupiravir, or 3-day remdesivir.

Death or hospitalization in COVID-19
outpatients treated with available
antivirals was 2.5%.

Adverse events were more frequent in
patients who received nirmatrelvir/
ritonavir.

Nirmatrelvir/ritonavir compared with
remdesivir was associated with a higher
likelihood of having a negative test within
10 days of the first positive one.

INTRODUCTION

Since the start of the pandemic, a variety of
prophylactic and therapeutic treatments have
been developed to combat COVID-19 [1, 2].
Monoclonal antibodies (mAbs) initially
demonstrated a reduction in hospitalizations or
deaths by 70–87% among outpatients, and
represented an effective therapeutic option in
vulnerable populations before or after exposure
to SARS-CoV-2 [3]. However, the neutralizing
ability of mAbs progressively decreased with the
emergence of new variants of concern (VOC)
[4]. The recent emergence of the heavily muta-
ted Omicron variant has posed a challenge to
this treatment strategy. As a matter of fact, all
available mAbs, including sotrovimab and tix-
agevimab, seem to have no or reduced neutral-
izing activity against the last Omicron BA.2 and
BA.5 variants [5, 6]. From December 2021, new
therapeutic options for the outpatient man-
agement of COVID-19 have been authorized by
regulatory agencies [7–9]. Nirmatrelvir/riton-
avir, molnupiravir, and early 3-day remdesivir
have been approved as outpatient treatments
for patients at increased risk of progression.
Interestingly, the susceptibilities of Omicron
BA.2 to remdesivir, molnupiravir, and nirma-
trelvir are similar to those of the ancestral strain
and other VOCs [10]. Phase 3 clinical studies
showed different efficacy of the three agents.
Molnupiravir demonstrated a reduced risk of
hospitalization or death compared with placebo
[7.3% versus 14.1%, -6.8 percentage points
difference; 95% confidence interval (CI) -11.3
to -2.4, p = 0.001] [7]. In some reports, mol-
nupiravir has been found to reduce the risk of
hospitalization or death by approximately 50%
[11]. The randomized controlled trial on nir-
matrelvir/ritonavir, reported that 3 out of 389
patients (0.77%) in the nirmatrelvir group ver-
sus 27/385 (7%) in the placebo group (-6.32
percentage points difference, 95% CI 9.04 to
-3.59, p\ 0.001) had hospitalization or death
by day 28 [8]. The relative risk reduction was
89.1% [8]. Similarly, in the randomized con-
trolled trial by Gottlieb and colleagues, 2 out of
279 patients (0.7%) in the remdesivir group
versus 15 out of 283 (5.3%) in the placebo group
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had a COVID-19–related hospitalization by day
28, with a relative risk reduction of 87% in the
remdesivir group [9].

The aim of this study is to describe a real-
world experience of outpatient management of
patients with high risk of progression to severe
COVID-19 who received nirmatrelvir/ritonavir,
molnupiravir, or 3-day remdesivir.

METHODS

Study Design

This is a prospective observational study con-
ducted in the University Hospital of Pisa (Italy)
from 1 January 2022 to 1 July 2022. Consecutive
outpatients with documented COVID-19 by
antigen or reverse transcriptase–polymerase
chain reaction (RT–PCR) test on a nasopharyn-
geal swab who received one authorized antiviral
treatment were eligible for the study. Eligible
patients were referred to our ambulatory service
by the family physician or other outpatient
services through a dedicated phone system
active 12 h daily 7 days a week. Patients were
eligible for the treatment if they did not require
supplemental oxygen therapy, were not hospi-
talized due to COVID-19, and had mild-to-
moderate COVID-19. Mild and moderate illness
were defined according to National Institute of
Health (NIH) guidelines [mild disease: individ-
uals who have any of the various signs and
symptoms of COVID-19 but who do not have
shortness of breath, dyspnea, or abnormal chest
imaging; moderate disease: individuals who
show evidence of lower respiratory disease dur-
ing clinical assessment or imaging and who
have an oxygen saturation measured by pulse
oximetry (SpO2) C 94% on room air] [12].
Patients were eligible if they had mild-to-mod-
erate COVID-19 and at least one of the risk
factors associated with progression to severe
disease reported in Table 1. Asymptomatic
patients were not included according to indi-
cations from the Italian Medicines Agency
(AIFA).

Included patients received an ambulatory
visit, which included collection of medical his-
tory, physical examination, vital signs

evaluation, and blood examinations. Informa-
tion about comorbidities, symptoms onset, and
medications were collected by the attending
physician. Patients were then allocated to one
of the three available treatments according to
inclusion/exclusion criteria for each antiviral
(see below) and presence of potential drug–drug
interactions. The final decision to start one of
the three antivirals was made according to AIFA
recommendations and based on the judgment
of the attending physician. The ambulatory was
active 7 days a week.

All patients were followed-up until 30 days
from their first positive nasopharyngeal swab.
Follow-up included a new ambulatory visit or,
alternatively, a phone visit at days 7 and 30
from the start of antiviral treatment. Patients
repeated antigenic nasopharyngeal swabs at day
7 and then, if still positive, on days 10 and 14
from the first positive nasopharyngeal swabs or
until a negative test. The occurrence of adverse
events (AEs) was recorded through the admin-
istration of a dedicated questionnaire by mem-
bers of the study team at the end of the study.

Compliance with Ethics Guidelines

All patients signed a written informed consent.
The study was conducted according to the
principles stated in the Declaration of Helsinki,
and approved by the local Ethical Committee of
the Area Vasta Nord Ovest of Tuscany region
(IRB number 230320).

Treatment Exposure

Patients received one of the three authorized
antivirals according to indications from AIFA.
There are some differences in the timing,
administration, and contraindications for the
three antivirals (Table 1).

Nirmatrelvir/ritonavir consists of nirma-
trelvir, a novel SARS-CoV-2 main protease
inhibitor targeting 3CLpro of SARS-CoV-2, plus
ritonavir, an inhibitor of cytochrome P-450 3A4
to decrease nirmatrelvir metabolism that
increases its serum levels [13]. It was prescribed
within 5 days from the onset of symptoms and
administered for a full 5-day treatment oral
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course. Dosage was adjusted according to renal
function: in patients with estimated glomerular
filtration rate (GFR)[ 60 ml/min nirmatrelvir/
ritonavir was administered at the dose of
300 mg of nirmatrelvir plus 100 mg of ritonavir
twice daily, in patients with GFR 30–60 ml/min
at a dose of 150 mg of nirmatrelvir plus 100 mg
of ritonavir, and in patients with GFR\30 ml/
min it was not used.

Molnupiravir, an inhibitor of the RNA-de-
pendent RNA polymerase (RdRp) enzyme of
SARS-CoV-2 [14], was administered within
5 days from symptoms onset at the dose of
800 mg twice for a full 5-day oral course. No

dose adjustment was made according to renal
function.

Remdesivir was administered within 7 days
from symptoms onset at the dose of 200 mg
intravenously (iv) the first day and 100 mg iv
the second and third day (3-day course). No
dose adjustment was made according to renal
function, but was not administered in patients
with GFR\30 ml/min.

Study Outcomes

The primary composite endpoint is death or
hospitalization for COVID-19 in the overall

Table 1 Indications for the administration of early antiviral treatment in patients with COVID-19 who do not require
hospitalization

Risk factors for progression (at least one of
the following should be present)

Timing, administration route, and contraindications by antivirals

All three antivirals Nirmatrelvir/ritonavir Molnupiravir Remdesivir

Mild-to-moderate COVID-19

And at least one of the following:

• Oncological/oncohematological pathology

in active phase

• Chronic renal insufficiency

• COPD and/or other chronic respiratory

disease (asthma, pulmonary fibrosis)

• Primary or acquired immunodeficiency

• Obesity (BMI[ 30 kg/m2)

• Cardio-cerebrovascular disease (heart

failure, coronary heart disease,

cardiomyopathy, hypertension with organ

damage, stroke)

• Diabetes mellitus uncompensated

(HbA1c[ 9.0%) or with chronic

complications

• Age[ 65 years

• Chronic liver disease

• Hemoglobinopathies

• Neurodevelopmental, neurodegenerative

diseases

Allowed within 5 days from

symptoms onset

Administered orally for five

consecutive days

Renal adjustment: GFR[ 60 ml/

min: 300 mg of nirmatrelvir plus

100 mg of ritonavir twice daily

GFR 30–60 ml/min: 150 mg of

nirmatrelvir plus 100 mg of

ritonavir

GFR\ 30 ml/min: contraindicated

Allowed within

5 days from

symptoms

onset

Administered

orally for five

consecutive

days

Allowed within

7 days from

symptoms

onset

Administered iv

for 3

consecutive

days

Contraindicated

in

GFR\ 30 ml/

min

BMI body mass index, COPD chronic obstructive pulmonary disease, GFR glomerular filtration rate
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population and among the three treatment
groups.

The secondary study endpoints are: occur-
rence of AEs and negative nasopharyngeal swab
within 10 days from the first positive test.

Study Variables and Definitions

For each patient, sociodemographic data
including age and sex were collected. Data on
comorbidities and conditions associated with
high risk for severe COVID-19, including body
mass index (BMI), diabetes mellitus, hyperten-
sion, cardiovascular and cerebrovascular dis-
ease, chronic lung disease, chronic liver disease,
chronic kidney disease, neurological disorders,
immunosuppression, solid cancer, hematologi-
cal disease, autoimmune disease, solid organ
transplantation, and neurological disease were
recorded. Immunosuppression was defined by
the presence of acquired immunosuppressive
state or use of immunosuppressive therapy such
as steroids (prednisolone[0.5 mg/kg/d or
equivalent for[1 month), chemotherapy, or
antitumor necrosis factor therapy, or the use of
tacrolimus, cyclosporin, and/or mycopheno-
late. Obesity was defined by a BMI[30 kg/m2.

In addition, information about COVID-19
vaccination dates were recorded. COVID-19
vaccination status was classified into two cate-
gories: adequate versus nonadequate, based on
the timing of the last vaccine dose before study
entry, as previously described [15]. Unvacci-
nated subjects and those who received only the
first vaccine dose were considered nonade-
quately vaccinated. For the second vaccine dose
and subsequent doses given more than 180 days
apart, a patient was considered to be adequately
vaccinated if he/she received the last dose in the
previous 8–180 days. If the gap between the last
two doses was less than 180 days, a patient was
considered adequately vaccinated starting from
the date of the last vaccine dose up to 180 days
after [15].

Information about symptoms related to
COVID-19 was collected. The attending physi-
cian investigated the presence of fever, fatigue,
cough, dyspnea, myalgias, and gastrointestinal

symptoms (including nausea, vomiting, and
diarrhea) in each patient.

Regarding the occurrence of an AE, AEs
indicated any untoward medical occurrence
associated with the use of the antiviral, whether
or not they were considered drug related. Data
about the occurrence of AEs requiring drug
discontinuation were collected. Data about
hospitalization due to COVID-19 or death were
recorded. Hospitalized patients were treated as
previously described [16].

Statistical Analysis

Continuous variables were summarized with
mean and standard deviation (SD) or median
and interquartile ranges (IQRs) according to
their distribution. Kruskal–Wallis, Mann–Whit-
ney U, and chi-squared tests were performed to
compare baseline characteristics among the
groups, as appropriate.

The variable ‘‘time from first positive to
negative nasopharyngeal swab’’ was dichot-
omized in B 10 and[10 days and the variable
‘‘age’’ in B 80 and[ 80 years according to
Classification and Regression Tree analysis.

According to the primary outcome, to
explore differences among the three groups
(molnupiravir, nirmatrelvir/ritonavir, early-
remdesivir) a one-way analysis of variance
(ANOVA) was performed, with p-values adjusted
using the Scheffé correction and the Bonferroni
method for multiple comparisons.

Then, a multivariable Cox regression analysis
was performed to identify factors indepen-
dently associated with the composite endpoint
using a forward stepwise procedure. Variables
with statistical significance in the univariate
analysis (p\0.05) and those deemed of clinical
relevance were entered in the multivariate
model. Variables included for significance in
univariate analysis included: age B 80 years old,
presence of three or more comorbidities, time
from start of symptoms to antiviral treatment,
cerebrovascular disease, hematological disease,
chronic liver disease, autoimmune disease,
presence of cough and gastrointestinal symp-
toms, and antiviral; variables included for clin-
ical relevance included: chronic lung disease,
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immunosuppression, and adequate COVID-19
vaccination. The variable ‘‘antiviral treatments’’
was categorized into three categories: remde-
sivir (entered as reference variable), nirma-
trelvir/ritonavir, and molnupiravir. Since
antiviral treatments might not be started with
the same timing from symptoms onset, the
variable ‘‘antiviral treatments’’ was modeled as a
time-dependent variable. More specifically, the
variable ‘‘T_COV_’’ was created as a function of
the time variable (time from symptoms onset to
antiviral administration) ‘‘T_’’ and the covariate
in question (type of antiviral), and has been
included as a covariate in the Cox Regression
model [17].

A post-hoc power analysis was performed
based on proportions of death or hospitaliza-
tion reported in the three randomized con-
trolled trials in patients treated with
molnupiravir (7.3%), nirmatrelvir/ritonavir
(0.77%), and remdesivir (0.7%), respectively
[7–9]. Our study has a power of 87.5% (a 0.05)
to identify differences between molnupiravir
and nirmatrelvir/ritonavir and 84.8% (a 0.05) to
highlight differences between molnupiravir and
remdesivir. Conversely, our sample is under-
powered to identify potential differences
between remdesivir and nirmatrelvir/ritonavir.

According to the secondary outcome, we
described the proportion of AEs in the three
groups. A multivariable Cox regression analysis
was performed to identify factors indepen-
dently associated with the occurrence of a neg-
ative nasopharyngeal swabs within 10 days
from the first positive swab using the same
methodology. This outcome was also explored
in three further comparisons: nirmatrelvir/ri-
tonavir versus molnupiravir, nirmatrelvir/ri-
tonavir versus remdesivir, and molnupiravir
versus remdesivir.

Results are expressed as the hazard ratio (HR)
and their 95% CIs. Values of p\ 0.05 were
considered statistically significant. Statistical
analyses were performed with the SPSS, version
27.0 (IBM, Armonk, NY, USA).

RESULTS

Study Population Characteristics

A total of 562 outpatients with COVID-19 were
included: 114 (20.3%) received molnupiravir,
252 (44.8%) nirmatrelvir/ritonavir, and 196
(34.9%) remdesivir. The median age was 69
(55–78.25) years old and 455 (81%) patients had
adequate COVID-19 vaccination. Comparison
of patients in the three treatment groups is
presented in Table 2. Patients who received
remdesivir were older, more frequently had
more than two comorbidities, were more fre-
quently affected by cardiovascular disease, and
were more commonly solid organ transplant
recipients compared with patients in the orally
administered antiviral treatment groups. The
time from symptoms onset to antiviral treat-
ment was longer in the remdesivir (4 days, IQR
3–5 days) than in molnupiravir or nirmatrelvir/
ritonavir group (3 days, IQR 2–4 days,
p\0.001). Adequate COVID-19 vaccination
status was higher in patients treated with
nirmltrevir/ritonavir.

Primary Outcome

Overall, the composite endpoint of death or
hospitalization due to COVID-19 occurred in
14/562 (2.5%) patients. This event occurred
more frequently in patients treated with
remdesivir (n = 10/196, 5.1%) compared with
those who received molnupiravir (n = 2/114,
1.8%) or nirmatrelvir/ritonavir (n = 2/252,
0.8%, difference among group p = 0.012).
Adjustment for multiple comparison showed
that this difference was statistically significant
comparing nirmatrelvir/ritonavir versus remde-
sivir, but not comparing molnupiravir versus
remdesivir or nirmatrelvir/ritonavir versus
molnupiravir (Table 2).

With respect to patients who achieved clin-
ical cure, patients who met the composite end-
point were older, more frequently had more
than three comorbidities, were more likely to be
affected by cerebrovascular disease, hematolog-
ical disease, chronic liver disease, and autoim-
mune disease, and had a longer time from
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Table 2 Comparison between patients with COVID-19 receiving different antiviral treatments

Variable Molnupiravir
N = 114 (%)

Nirmatrelvir/
ritonavir
N = 252 (%)

Remdesivir
N = 196
(%)

p-Value

Age, years, median (IQR) 69.5 (57.75–80) 65 (51.25–75.75) 72 (55–80) 0.015

Time from symptoms onset, days, median (IQR) 3 (2–4) 3 (2–4) 4 (3–5) \ 0.001

Male sex 62 (54.4%) 127 (50.4%) 113

(57.7%)

0.307

Vaccination status

Adequate COVID-19 vaccination 85 (74.6%) 219 (86.9%) 151 (77%) 0.005

Time from the last COVID-19 vaccine dose, days,

median (IQR)

136 (82–189) 137 (93–172) 122

(85–178)

0.702

Number of comorbidities

B 1 comorbidity 26 (22.8%) 78 (31%) 25 (12.8%) \ 0.001

C 2 comorbidities 88 (77.2%) 174 (69%) 170

(86.7%)

\ 0.001

C 3 comorbidities 61 (53.5%) 93 (36.9%) 118

(60.2%)

\ 0.001

Comorbidities

Obesity, BMI C 30 kg/m2 38 (33.3%) 53 (21%) 51 (26%) 0.041

Chronic lung disease 33 (28.9%) 67 (26.6%) 56 (28.6%) 0.853

Immunosuppression (primary or acquired) 20 (17.5%) 54 (21.4%) 55 (28.1%) 0.078

Diabetes mellitus 25 (21.9%) 49 (19.4%) 31 (15.8%) 0.378

Arterial hypertension 63 (55.3%) 99 (39.3%) 104

(53.1%)

0.002

Cardiovascular disease 51 (44.7%) 65 (25.9%) 91 (46.7%) \ 0.001

Cerebrovascular disease 17 (14.9%) 19 (7.5%) 19 (9.7%) 0.089

Solid cancer 20 (17.5%) 56 (22.2%) 43 (21.9%) 0.567

Hematological disease 8 (7%) 32 (12.7%) 25 (12.8%) 0.235

Chronic kidney disease 11 (9.6%) 11 (9.6%) 18 (9.2%) 0.013

Chronic liver disease 1 (0.9%) 10 (4%) 14 (7.1%) 0.032

Autoimmune disease 19 (16.7%) 34 (13.5%) 31 (15.8%) 0.670

Solid organ transplantation 2 (1.8%) 1 (0.4%) 16 (8.2%) \ 0.001

Neurological disease 2 (1.8%) 12 (4.8%) 8 (4.1%) 0.385
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symptom onset to antiviral treatment (Supple-
mentary Material, Table S1). Patients who died
or required hospitalization more frequently
received remdesivir (n = 10/14, 71.4%) com-
pared with those who did not (n = 186/548,
33.9%, p = 0.01). On multivariable Cox regres-
sion analysis, the presence of three or more
comorbidities (HR 6.89, 95% CI 1.52–31.14,
p = 0.012), hematological disease (HR 5.59, 95%
CI 5.59, 95% CI 1.84–16.94, p = 0.002), gas-
trointestinal symptoms (HR 3.87, 95% CI
1.27–11.81), and each-day increment from
symptom onset to antiviral treatments (HR
1.54, 95% CI 1.03–2.28, p = 0.034) were factors
independently associated with death or need for

hospitalization due to COVID-19 (Table 3). The
type of antiviral treatment was not indepen-
dently associated with the risk of death or hos-
pitalization (nirmatrelvir/ritonavir HR 1.46,
95% CI 0.21–9.92, p = 0.7; molnupiravir HR
2.68, 95% CI 0.4–17.95, p = 0.311; remdesivir as
reference variable).

Secondary Outcomes

Data about safety were recorded in 541 patients
who completed the safety questionnaire (safety
evaluable population). As presented in Table 4,
AEs occurred more frequently in the

Table 2 continued

Variable Molnupiravir
N = 114 (%)

Nirmatrelvir/
ritonavir
N = 252 (%)

Remdesivir
N = 196
(%)

p-Value

Symptoms of COVID-19

Fever 71 (62.3%) 176 (69.8%) 117 (59.7%) 0.068

Cough 90 (78.9%) 180 (71.4%) 162 (82.7%) 0.017

Dyspnea 4 (3.5%) 16 (6.3%) 14 (7.1%) 0.418

Fatigue 49 (43%) 100 (39.7%) 97 (49.5%) 0.114

Myalgia 36 (31.6%) 80 (31.7%) 76 (38.8%) 0.241

Gastrointestinal symptoms 18 (15.8%) 29 (11.5%) 20 (10.2%) 0.330

Outcomes

Composite endpoint of death or hospitalization 2 (1.8%) 2 (0.8%) 10 (5.1%) 0.012*

30-day mortality 1 (0.9%) 1 (0.4%) 0 0.453

Hospitalization rate 1 (0.9%) 1 (0.4%) 10 (5.1%) 0.002

Negative swab B 10 days from the first swab 30 (26.3%) 104 (41.3%) 40 (20.4%) \ 0.001**

Time from positive swab to negative test, days, median

(IQR)

13 (10–18) 11 (9–16) 14 (11–17) \ 0.001

Italics indicate statistical significance (p\ 0.05).
*Test for multiple comparison (primary endpoint): one-way ANOVA with Scheffé test (a 0.05): molnupiravir versus
remdesivir p = 0.187, molnupiravir versus nirmatrelvir/ritonavir p = 0.860, nirmatrelvir/ritonavir versus remdesivir
p = 0.015. One-way ANOVA Bonferroni correction (a 0.05): molnupiravir versus remdesivir p = 0.202, molnupiravir
versus nirmatrelvir/ritonavir p = 0.99, nirmatrelvir/ritonavir versus remdesivir p = 0.011. **Test for multiple compar-
ison (secondary endpoint): one-way ANOVA with Scheffé test (a 0.05): molnupiravir versus remdesivir p = 0.361, mol-
nupiravir versus nirmatrelvir/ritonavir p = 0.023, nirmatrelvir/ritonavir versus remdesivir p = 0.015. One-way ANOVA
Bonferroni correction (a 0.05): molnupiravir versus remdesivir p = 0.461, molnupiravir versus nirmatrelvir/ritonavir
p = 0.018, nirmatrelvir/ritonavir versus remdesivir p\ 0.001
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nirmatrelvir/ritonavir (n = 116/236, 49.2%)
group compared with the molnupiravir (n = 23/
109, 21.1%) and remdesivir groups (9/196,
4.6%, p\0.001).

Among patients who received nirmatrelvir/
ritonavir, the most common AE was dysgeusia
(n = 99/236, 41.9%), followed by gastrointesti-
nal disorders (n = 23/236, 9.7%) and headache
(n = 3/236, 1.3%); two patients (0.8%) had
hypotension because of concomitant antihy-
pertensive drugs that were not discontinued
and one patient (0.4%) complained of insom-
nia. Among patients treated with molnupiravir,
the most common AEs were gastrointestinal
disorders (n = 14/109,12.8%). Other AEs were
rare and represented by skin rash (n = 3/109,
2.8%), dysgeusia (n = 3/109, 2.8%), headache
(n = 1/109, 0.9%), and insomnia (n = 1/109,
0.9%). One patient had transient leukopenia
and one had a slight increase in their transam-
inases values. In patients treated with remde-
sivir, AEs were very rare and mainly represented
by asymptomatic bradycardia (n = 7/196, 3.6%).

Discontinuation because of an AE was
uncommon in the three study groups

(molnupiravir 4/109, 3.7%; nirmatrelvir/riton-
avir 5/236, 2.1%; remdesivir none). Overall, 7
(1.3%) patients reported a rebound of symp-
toms after the complete course of antivirals:
2/109 (1.8%) and 5/236 (2.1%) in the nirma-
trelvir/ritonavir and molnupiravir group,
respectively (p = NS).

Negative swab within 10 days from the first
positive swab was more common in patients
who received nirmatrelvir/ritonavir (n = 104/
252, 41.3%) compared with molnupiravir
(n = 30/114, n = 26.3%) and remdesivir (n = 40/
196, 20.4%, difference among groups
p\0.001).

Comparison of patients who had a negative
swab B 10 days from the first positive one and
those who did not is reported in Supplementary
Material, Table S2. On multivariable Cox
regression analysis (Table 5), adequate COVID-
19 vaccination (HR 1.53, 95% CI 1.04–2.23,
p = 0.03), age\ 80 years old (HR 1.8, 95% CI
1.23–2.6, p = 0.003), and nirmatrelvir/ritonavir
compared with remdesivir (HR 1.73, 95% CI
1.25–2.4, p\0.001) were factors independently
associated with increased probability of having

Table 3 Multivariable Cox regression analysis of factors independently associated with the composite endpoint (death or
hospitalization)

Variable HR (95% CI) p-Value

Three or more comorbidities 6.89 (1.52–31.14) 0.012

Hematological disease 5.59 (1.84–16.94) 0.002

Gastrointestinal symptoms 3.87 (1.27–11.81) 0.017

Time from symptom onset to antiviral treatments, each-day increment 1.54 (1.03–2.28) 0.034

Antiviral treatments

Remdesivir Reference variable –

Nirmatrelvir/ritonavir 1.46 (0.21–9.92) 0.7

Molnupiravir 2.68 (0.4–17.95) 0.311

The following variables were included in the multivariable logistic regression model, using stepwise selection: age B 80 years
old, presence of three or more comorbidities, time from start of symptoms to antiviral treatment, cerebrovascular disease,
hematological disease, chronic liver disease, autoimmune disease, presence of cough and gastrointestinal symptoms, antiviral
treatments (all variables significant at univariate analysis), chronic lung disease, immunosuppression, and adequate COVID-
19 vaccination (for clinical relevance). Antiviral treatments were modeled as a time-dependent variable
Italics indicate statistical significance (p\ 0.05)
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a negative nasopharyngeal swab within 10 days
from the first positive swab. Each-day increase
from symptoms onset to antiviral treatment was
associated with a reduced chance of having a
negative swab within 10 days from the first
positive one (HR 0.88, 95% CI 0.78–0.98).

Subgroup analysis revealed that nirmatrelvir/
ritonavir was independently associated with
increased probability of having a negative swab
within 10 days from the first one compared
with remdesivir, also in the subgroup of
patients with immunosuppression, more than
two comorbidities, adequate vaccination status,
and subjects more than 65 years old (Fig. 1).
Comparing patients who received nirmatrelvir/
ritonavir to those who received molnupiravir,
there was no difference in the probability of
having a negative swab within 10 days, with
exception of the subgroup of patients with more
than two comorbidities and those more than

65 years old (Supplementary Material, Fig. S1).
Comparison of molnupiravir and remdesivir
revealed no differences in achieving this out-
come, except for patients with chronic kidney
disease (Supplementary Material, Fig. S2).

DISCUSSION

In this real-world experience of outpatient
management of COVID-19, the risk of progres-
sion (death or hospitalization) did not differ
among patients treated with molnupiravir, nir-
matrelvir/ritonavir, or 3-day remdesivir. In this
cohort of high-risk subjects, we observed that
only 2.5% of treated patients died or were hos-
pitalized due to COVID-19. Although nirma-
trelvir/ritonavir is associated with a faster
negative nasopharyngeal swab, it is also

Table 4 Incidence of adverse events in the safety evaluable population (N = 541)

Variable Molnupiravir
N = 109 (%)

Nirmatrelvir/
ritonavir
N = 236 (%)

Remdesivir
N = 196
(%)

p-Value

Any adverse event 23 (21.1%) 116 (49.2%) 9 (4.6%) \ 0.001

More than one adverse event 2 (1.8%) 14 (5.9%) 1 (0.5%) 0.004

Discontinuation because of adverse event 4 (3.7%) 5 (2.1%) 0 0.043

Description of adverse event

Bradycardia* 0 0 7 (3.6%) 0.002

Hypotension 0 2 (0.8%) 1 (0.5%) 0.612

Skin rash 3 (2.8%) 0 0 0.003

Headache 1 (0.9%) 3 (1.3%) 0 0.299

Gastrointestinal disorders** 14 (12.8%) 23 (9.7%) 2 (1%) \ 0.001

Dysgeusia 3 (2.8%) 99 (41.9%) 0 \ 0.001

Insomnia 1 (0.9%) 1 (0.4%) 0 0.442

Leukopenia 1 (0.9%) 0 0 0.137

AST/ALT increase (two times upper limits of normal

(ULN))

1 (0.9%) 0 0 0.137

Rebound of symptoms after antiviral discontinuation 2 (1.8%) 5 (2.1%) 0 0.130

Italics indicate statistical significance (p\ 0.05)
*RR\ 50 bpm; **including nausea, vomiting, diarrhea
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associated with a higher incidence of AEs,
mainly represented by dysgeusia.

Notably, this study was conducted while
Omicron was the dominant variant. A recent

comparative analysis showed that Omicron is
associated with a reduced risk of hospitalization
and death compared with the Delta variant, but
also highlighted a considerable variation in the

Table 5 Cox regression analysis of factors independently associated with a negative test within 10 days from the first
positive nasopharyngeal swab

Variable HR (95% CI) p-Value

Adequate COVID-19 vaccination 1.53 (1.04–2.23) 0.03

Age\ 80 years 1.8 (1.23–2.6) 0.003

Antiviral treatment

Remdesivir Reference variable –

Nirmatrelvir/ritonavir 1.73 (1.25–2.4) \ 0.001

Molnupiravir 1.28 (0.86–1.9) 0.227

Time from symptom onset to antiviral treatment (each-day increase) 0.88 (0.78–0.98) 0.017

Italics indicate statistical significance (p\ 0.05). The following variables were included in the multivariable logistic
regression model, using stepwise selection: age\ 80 years, adequate COVID-19 vaccination, C two comorbidities,
hypertension, time from symptom onset (significant at univariate analysis), hematological malignancy, immunosuppression,
and chronic lung disease (clinical relevance). Antiviral treatments were modeled as a time-dependent variable

HR (95% CI)

1.8 (1.3-2.5) 

1.8 (0.9-3.8) 

0.6 (0.2-1.9)

1.7 (0.9-3.3)

2.6 (0.3-20) 

2.3 (1.2-4.4) 

2 (1.4-4.4) 

1.8 (1.3-2.6) 

1.9 (1.3-3) 

p value

<0.001

0.09

0.37

0.13

0.3

0.01

<0.01

0.001

0.002

Better nirmatrelvir/ritonavirBetter remdesivir

Fig. 1 Multivariable hazard ratios for factors associated
with increased probability to have a negative nasopharyn-
geal swab within 10 days from the first positive one in
patients treated with nirmatrelvir/ritonavir versus those
treated with remdesivir. The multivariable model was
adjusted for age\ 80 years, adequate COVID-19

vaccination, C two comorbidities, hypertension, time
from symptom onset, hematological malignancy, immuno-
suppression, and chronic lung disease. Antiviral treatments
were modeled as a time-dependent variable

Infect Dis Ther (2023) 12:257–271 267



severity according to age [18]. In fact, among
subjects infected with the Omicron variant,
hospital admission up to 14 days after a positive
test and 28-day mortality were 11.1% and
5.12% in patients C 80 years, respectively [19].
Similarly, other studies reported that the risk of
hospitalization in Omicron-infected subjects
ranged from 1% to 5% [20, 21], but these data
are not stratified according to individual risk
factors for progression or receipt of antiviral
treatments. Notably, the proportion of death or
hospitalization due to COVID-19 in our cohort
of patients (2.5%) was low considering that the
median age was 69 years, that a quarter of
patients had immunosuppressive state, and
11% were affected by solid or hematological
malignancy.

In this real-world experience, there was no
statistically significant difference in the risk of
COVID-19 progression in the three treatment
groups. However, we highlighted that the
choice of antivirals should be individualized
according to patients’ comorbidities and char-
acteristics. Nirmatrelvir/ritonavir have interac-
tions with other drugs and should be avoided in
some categories of patients, such as solid organ
transplant recipients who received chronic
immunosuppressive therapy, such as tacrolimus
or mycophenolate, for whom other alternative
antivirals might be appropriate. The use of oral
antivirals is easier with respect to 3-day iv
remdesivir. Early use of remdesivir is associated
with reduced risk of disease progression [22],
but a dedicated service equipped with nursing
staff is needed for outpatients. Moreover,
although the oral administration is easier to
handle, it should be underlined that oral
antivirals, especially nirmatrelvir/ritonavir, are
not free from AEs. We found that almost half of
patients treated with nirmatrelvir/ritonavir
developed an AE, mainly represented by dys-
geusia. Although AEs were usually mild, dys-
geusia and gastrointestinal symptoms may be
disabling for COVID-19 patients, especially for
elderly and frail ones. Thus, patients who
received nirmatrelvir/ritonavir should be care-
fully screened through an evaluation of baseline
renal function and exclusion of drug–drug
interactions, and the decision to discontinue
some drugs during the course of therapy as well

as monitoring potential AEs is essential. Thus,
implementing ambulatory services equipped
with Infectious Diseases (ID) specialists caring
for outpatients with COVID-19 may represent a
promising strategy to reduce hospitalizations
due to COVID-19 and improve patient care and
safety.

We found that patients treated with nirma-
trelvir/ritonavir had a higher probability of
having a negative test within 10 days from the
first positive one. This data may be affected by
some study limitations: this is not an interven-
tional study and patients did not receive a
nasopharyngeal swab every day. However, this
happened in all three study groups. This end-
point may be particularly important for some
patients, such as onco-hematological patients
who wait for a negative test to start
chemotherapy or other interventions, and
patients who need negative test to undergo
diagnostic procedures for other underlying dis-
eases. This advantage of nirmatrelvir/ritonavir
remained also after adjustment for relevant
confounding factors, such as adequate COVID-
19 vaccination status, and in specific subgroups,
such as patients with immunosuppressive status
and elderly patients. This advantage disappears
when we compared nirmatrelvir/ritonavir with
molnupiravir.

Finally, we found that about 2% of patients
treated with nirmatrelvir/ritonavir and mol-
nupiravir experienced a rebound of symptoms
after the antiviral discontinuation. Here, we
only documented rebound of symptoms and
were not able to perform virological study on
these cases. Cases of recrudescence of SARS-
CoV-2 infection after nirmatrelvir/ritonavir
treatment are being increasingly reported
[23, 24]. However, it is not known if rebound
may occur in the general population of infected
patients or whether is unique to nirmatrelvir/
ritonavir. A large study available as a preprint
showed that there are no significant differences
in COVID-19 rebound risks between nirma-
trelvir/ritonavir and molnupiravir, while
patients who experience rebound had signifi-
cantly higher prevalence of underlying medical
conditions than those without [25]. The phe-
nomenon of COVID-19 rebound associated
with specific antiviral treatments should be
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further investigated. However, the risk of
rebound should not represent an obstacle to
antiviral treatments.

This study has several limitations. It is an
observational study and allocation bias may
occur among the three study groups. Although
in the analysis we took into account a large
number of confounders associated with high
risk for severe COVID-19, residual confounding
among the three groups remains of concern. We
did not perform a systematic identification of
the SARS-CoV-2 variant. However, this study
was conducted during the spread of Omicron
variant in Italy. We were not able to perform
daily nasopharyngeal swab to assess negative
test results. However, our study design well
reflects the real-world management of COVID-
19 patients. Finally, since this is a real-world
experience, we included all consecutive patients
admitted to our outpatient clinic during the
study period and the sample size was not cal-
culated a priori. However, we performed a post-
hoc power analysis [26]. Our sample has a
power higher than 80% to identify differences
between molnupiravir versus nirmatrelvir/ri-
tonavir and between molnupiravir versus
remdesivir, but it is underpowered to evaluate
differences between nirmatrelvir/ritonavir ver-
sus remdesivir. Further studies are needed to
highlight differences between these latter
antivirals, especially in patients with
immunosuppression.

CONCLUSIONS

We reported a real-world experience of outpa-
tients management of COVID-19 in subjects at
high risk of progression treated with the three
available antivirals: nirmatrelvir/ritonavir,
molnupiravir, and remdesivir. Despite the lim-
itations related to its observational nature and
statistical power, our study detected no differ-
ences in the risk of COVID-19 progression
among the three treatments. Patients treated
with nirmatrelvir/ritonavir more frequently
reported mild AEs, but had a higher probability
of having a negative test within 10 days from
the SARS-CoV2 infection. An early individual-
ized outpatient treatment, taking into

consideration timing of symptom onset,
potential drug–drug interactions, and underly-
ing diseases may represent the cornerstone of
COVID-19 management in the Omicron era.
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