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Abstract
Background: Even though worldwide death rates from coronavirus disease 2019 (COVID-19)
have decreased, the threat of disease progression and death for high-risk groups continues.
Few direct comparisons between the available severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) antivirals have been made.
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or remdesivir) against those who only received symptomatic treatment. The aim was to
detect differences in hospitalization or death 28 days after symptom onset. We analyzed
1566 patients: 783 did not receive antiviral treatment, 451 received remdesivir, and 332
received nirmatrelvir/ritonavir. Most patients were female and over 60 years old. The
most common comorbidities were chronic hypertension (44%), diabetes mellitus (26%),
and autoimmune diseases (25%); systemic immunosuppression was registered in 35% of
patients. Hospitalization or death 28 days after symptom onset occurred in 168 patients
(136 in the symptomatic treatment group, 27 in the remdesivir group, and 5 in the
nirmatrelvir/ritonavir group). Considering multiple variables like age, sex, comorbidities,
and previous vaccination, both antivirals significantly reduced the odds of hospitalization

or death (nirmatrelvir/ritonavir odds ratio 0.08, 95% confidence interval 0.03-0.19;
remdesivir odds ratio 0.29, 95% confidence interval 0.18-0.45).
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Introduction

On 5 May 2023, the World Health Organization
declared the end of coronavirus disease 2019
(COVID-19) as a public health emergency of
international concern.! Even though worldwide
death rates from COVID-19 have decreased, the
threat of disease progression and death for high-
risk groups such as immunosuppressed or multi-
morbid patients continues. Early antiviral
treatment against severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) has proven
effective in reducing hospitalization and death in
clinical trials and real-life settings.2¢ Global and
multiple local COVID-19 treatment guidelines
now include nirmatrelvir/ritonavir, remdesivir,
and molnupiravir as part of the standard of care
for patients at high risk for disease progression.’8

The continuing evolution of the virus has led to
the emergence of variants with decreased suscep-
tibility to antivirals.® Antiviral resistance is a con-
stant threat, especially in light of the newest
Omicron subvariants. Despite relevant mutations
in the regions encoding SARS-CoV-2 RNA-
dependent RNA polymerase and main protease,
molnupiravir, nirmatrelvir, and remdesivir were
recently shown to be efficacious iz wvirro against
the most recently described BQ.1.1 and XBB
Omicron subvariants.1?

The COVID-19 global case fatality rate has dra-
matically declined.!! There are numerous factors

affecting this phenomenon, including viral evolu-
tion, vaccine coverage, and treatment availability.
The rapidly evolving nature of the COVID-19
pandemic highlights the relevance of the continu-
ous study of therapeutic strategies. Few direct
comparisons between the recommended antivi-
rals against SARS-CoV-2 have reported similar
outcomes.!>13 The present study aims to
compare the real-world effectiveness of two
SARS-CoV-2 antivirals (nirmatrelvir/ritonavir
and remdesivir) against all-cause hospitalization
or death in a referral center.

Materials and methods

Study design and population

This is an observational propensity score-matched
study conducted at a tertiary care referral center
located in Mexico City.

We included all high-risk outpatients diagnosed
with COVID-19 from 1 January 2022 to 31 July
2023. We excluded patients with incomplete
information during follow-up. High risk was
defined as having at least one or more of the fol-
lowing characteristics: age =60, body mass index
=30kg/m?2, diabetes mellitus, chronic hyperten-
sion, ischemic heart disease, chronic lung disease,
cirrhosis, active malignant disease, autoimmune
disease, solid organ or hematopoietic stem cell
transplant, and systemic immunosuppression in
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Figure 1. A treatment decision algorithm for mild-
moderate high-risk COVID-19 outpatients.

the previous 30 days. Vaccination was considered
when patients had received at least two doses of
any available SARS-CoV-2 vaccine.

Per local guidelines, patients with at least one
high-risk condition and with room air oxygen
saturation =90% are considered candidates for
the COVID-19 outpatient treatment program
(Figure 1). Patients with up to 5 days from symp-
tom onset received nirmatrelvir/ritonavir, patients
with up to 7days from symptom onset received
remdesivir, and patients with more than 7 days
from symptom onset received symptomatic treat-
ment. Antiviral treatment decisions were made by
the medical staff considering pharmacological
interactions and local guidelines.!* Remote
28-day follow-up to assess hospitalization or
death is regularly made in all patients who are
considered candidates for the COVID-19 outpa-
tient treatment program. Nirmatrelvir/ritonavir
and remdesivir are the only SARS-CoV-2 treat-
ments available in our center.

The primary study outcome was all-cause hospi-
talization or death 28 days after symptom onset.
The secondary outcome was COVID-19-related
hospitalization or death 28days after symptom
onset.

Statistical analysis

Considering three groups (no antiviral treatment,
nirmatrelvir/ritonavir, and remdesivir), the sam-
ple size was calculated using the formula for the
one-way ANOVA test. A sample size of at least

967 subjects (323 per group) was calculated to
identify an effect size of 0.1 with a power of 90%
at a significance level of 0.05. Categorical varia-
bles were reported as frequencies and propor-
tions. Continuous variables were reported using
mean and standard deviation or median and
interquartile range (IQR) values. Univariate anal-
ysis for associations between clinical characteris-
tics and the primary outcome was made using
Fisher’s exact test or exact 7-test.

Logistic regression analysis for characteristics
associated with the primary outcome was per-
formed. Variables with a p value <0.15 in the uni-
variate analysis and those with biological
plausibility were included in the model. Multi-
group comparisons with Kaplan—Meier survival
estimates were plotted. A two-sided p value <0.05
was considered statistically significant. To
account for confounding between patients receiv-
ing antiviral treatment and patients not receiving
it, propensity score matching using the nearest
neighbor method and a 1:1 ratio was done using
the R ‘Matchlt’ package. Characteristics consid-
ered in the propensity score matching were age,
sex, obesity, diabetes mellitus, chronic hyperten-
sion, ischemic heart disease, chronic pulmonary
disease, liver cirrhosis, malignant neoplastic dis-
ease, autoimmune disease, organ transplant, and
systemic immunosuppression. Missing data were
not replaced. Statistical analysis was done using R
version 4.3.1.

The reporting of this study conforms to the
Strengthening the Reporting of Observational
Studies in Epidemiology statement.!>

Results

During the study period, 2116 high-risk COVID-
19 outpatients were evaluated. For this study,
165 were excluded due to incomplete informa-
tion in the electronic medical record system, leav-
ing 1952 eligible COVID-19 outpatients. After
propensity score matching, 1566 patients were
analyzed: 783 did not receive antiviral treatment,
451 received remdesivir, and 332 received nir-
matrelvir/ritonavir (there were no unmatched
treatment units). Overall, the median age was
60years (IQR 46-72), 62.5% were female
(979/1566) and 97.8% had at least one comor-
bidity (1532/1566). Ischemic heart disease,
chronic pulmonary disease, hematopoietic stem
cell transplant, and solid organ transplant were
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Table 1. Baseline clinical characteristics and outcomes.
Characteristics Overall No treatment  Remdesivir  Nirmatrelvir/ p
n=1566 n=783 n=451 ritonavir
n=332

Age, median (IQR) 60 (46-72) 60 (47-73) 55 (42-69) 64 (53-74) <0.001
Sex female, n (%) 979 (62.5) 492 (62.8) 265 (58.8) 222 (66.9) 0.07
Obesity, n (%] 328(20.9) 172 (22) 86(19.1) 70 (21.1) 0.48
Diabetes mellitus, n (%) 407 (26.0) 206 (26.3) 126 (27.9) 75 (23.4) 0.23
Chronic hypertension, n (%) 685 (43.7) 351 (44.8) 197 (43.7) 137 (42.8) 0.55
Ischemic heart disease, n (%) 112 (7.2) 48 (6.1) 49 (10.9) 15 (4.7) 0.001
Chronic pulmonary disease, n (%) 67 (4.3) 17 (2.2) 36 (8.0) 14 (4.4) <0.001
Cirrhosis, n (%) 75 (4.8) 40 (5.1) 22 (4.9) 13 (4.1) 0.69
Solid organ malignancy, n (%) 192 (12.3) 98 (12.5) 56 (12.4) 38(11.9) 0.88
Hematological malignancy, n (%) 98 (6.3) 53(6.8) 29 (6.4) 16 (5.0) 0.46
Autoimmune disease, n (%) 394 (25.2) 193 (24.6) 117 (25.9) 84 (26.2) 0.88
Solid organ transplant, n (%) 133 (8.5) 39 (5) 88 (19.5) 6(1.9) <0.001
Hematopoietic stem cell transplant, n (%) 11 (0.7) 2(0.3) 8(1.8) 1(0.3) 0.005
Systemic immunosuppression, n (%) 543 (34.6) 244 (31.2) 231 (51.2) 67 (20.9) <0.001
SARS-CoV-2 vaccine, n (%] 1438 (93.3) 710 (91.3) 426 (94.5) 302 (96.8) 0.002
All-cause hospitalization or death, n (%) 168 (10.7) 136 (17.4) 27 (6.0) 5(1.5) <0.001

Hospitalization, n (%) 168 (10.7) 136 (17.4) 27 (6.0) 5(1.5)

Death, n (%) 32(2) 28 (3.6) 14.(1.0) 0(0)
COVID-19-related hospitalization or death, n (%) 94 (6.0) 76 (9.7) 15 (3.3) 3(0.9) <0.001
Hospitalization, n (%) 94 (6.0) 76 (9.7) 15 (3.3) 3(0.9)
Death, n (%) 20(1.3) 18 (2.3 2 (0.4) 0(0)

IQR, interquartile range.

more frequent in the remdesivir group. The rest
of the baseline clinical characteristics are detailed
in Table 1.

The use of nirmatrelvir/ritonavir was associated
with an absolute risk reduction of 8.8% and a
relative risk reduction of 90% for all-cause hospi-
talization or death. The use of remdesivir was
associated with an absolute risk reduction of 6.4%
and a relative risk reduction of 66% for all-cause
hospitalization or death. In multivariable analysis

(Table 2), characteristics positively associated
with the primary outcome were male sex [odds
ratio (OR): 1.70, 95% confidence interval (CI):
1.19-2.41], diabetes mellitus (OR: 1.46, 95% CI:
1.0-2.1), solid organ malignancy (OR: 1.6, 92%
CI: 1.0-2.6), and hematological malignancy (OR:
2.5, 95% CI: 1.5-4.3). The only characteristic
negatively associated with the primary outcome
was SARS-CoV-2 vaccination (OR: 0.46, 95%
CI: 0.27-0.79). After adjusting for sex, diabetes
mellitus, age, SARS-CoV-2 vaccination, and
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Table 2. Risk factors for 28-day all-cause hospitalization or mortality.

Univariate analysis p Mutltivariate p
aOR (95% Cl) analysis aOR (95%
cl)

Age 1.007 (0.998-1.016)  0.131 1.002 (0.993-1.014)  0.55
Sex male 1.878 (1.381-2.590) <0001  1.701(1.199-2.412)  0.003
Obesity 0.802 (0.530-1.215)  0.299
Diabetes mellitus 1.585(1.128-2.227)  0.008 1.462 (1.000-2.137)  0.05
Chronic hypertension 1.192(0.865-1.642)  0.284
Ischemic heart disease 0.998 (0.536-1.859)  0.996
Chronic pulmonary disease 0.812(0.346-1.907)  0.632
Cirrhosis 1.993 (1.089-3.646)  0.025 1.598(0.816-3.130)  0.17
Solid organ malignancy 1.659 (1.082-2.543)  0.02 1.669 (1.052-2.647)  0.03
Hematological malignancy 2.621(1.583-4.340)  <0.001 2.553 (1.472-4.426)  <0.001
Autoimmune disease 0.564(0.369-0.861)  0.008 0.848 (0.529-1.357)  0.49
Solid organ transplant 0.812(0.439-1.503)  0.507
Hematopoietic stem cell transplant 0.831(0.106-6.531]  0.86
Systemic immunosuppression 1.184(0.851-1.648)  0.315
SARS-CoV-2 vaccine 0.413(0.250-0.682) <0001  0.463(0.272-0.788)  0.005
Antiviral treatment <0.001 <0.001

No treatment Ref Ref

Nirmatrelvir/ritonavir 0.073 (0.030-0.179) 0.084 (0.034-0.207)

Remdesivir 0.303 (0.197-0.466) 0.301(0.194-0.468)
aOR, adjusted odds ratio; Cl, confidence interval.

comorbidities related to the primary outcome, Discussion

both antiviral treatments showed a statistically
significant reduced odds of 28-day all-cause hos-
pitalization or death (nirmatrelvir/ritonavir OR:
0.08 — 95% CI: 0.03-0.19, remdesivir OR: 0.29
-95% CI: 0.18-0.45).

Kaplan—-Meier survival estimates (Figure 2)
showed an increased probability of the primary
and secondary outcomes in the group not receiv-
ing antiviral treatment when compared to those
receiving it. There were no differences between
the groups receiving either remdesivir or nir-
matrelvir/ritonavir.

Authors in different countries have reported that,
compared to the Delta variant, the Omicron vari-
ant is related to less severe disease.1%17” However,
due to the widespread availability and known effi-
cacy of nirmatrelvir/ritonavir and remdesivir for
the treatment of COVID-19, there are no pla-
cebo-controlled studies assessing their use in the
Omicron era. The findings of this study add to
the real-world evidence regarding the use of early
outpatient antiviral treatments against SARS-
CoV-2 in high-risk patients, with the added ben-
efit of assessing adverse COVID-19 outcomes
during Omicron circulation. Our findings suggest
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Figure 2. Kaplan-Meier 28-day hospitalization or
death estimates.

that COVID-19-related adverse outcomes in
high-risk groups are common, even with the
Omicron variant, and strategies that prevent pro-
gression to severe disease are still needed.

Relevant differences in baseline clinical charac-
teristics between the remdesivir and the nir-
matrelvir/ritonavir groups were age, solid organ
transplant, systemic immunosuppression, and
ischemic heart disease. Age, systemic immuno-
suppression, and solid organ transplant may be
directly related to each other, since transplant
recipients are generally younger, and systemati-
cally receive at least one systemic immunosup-
pressant drug. Tacrolimus is one the most
commonly used immunosuppressors for solid
organ transplant recipients in our institution,
while clopidogrel is the standard of care for
patients with ischemic heart disease. Both drugs
have an important drug—drug interaction with
nirmatrelvir/ritonavir and, as expected, patients
taking them may have been more likely to receive
remdesivir. SARS-CoV-2 vaccine uptake was sta-
tistically significantly lower in the no-treatment
group. However, the recorded vaccine coverage
was above 90% in the three groups making this
difference unlikely related to the outcomes.

Vaccination was significantly associated with
lower odds of the primary outcome. Although
data on the timing and the type of vaccines were
not registered, in Mexico the only available vac-
cines are those designed with the original SARS-
CoV-2 variant. The observations from this study
suggest an important role of ancestral vaccines in
protecting against severe COVID-19, even with
Omicron viral variants.

As presented in other reports,!?13 both antivirals
were highly effective in reducing the risk of COVID-
19 adverse outcomes. We observed that the fre-
quency of all-cause and COVID-19-related
hospitalization or death was slightly greater in the
remdesivir than in the nirmatrelvir/ritonavir group.
Possible explanations for this are that the limit from
symptom onset to use remdesivir is 7 days, com-
pared to 5days in nirmatrelvir/ritonavir and that
there was a higher number of solid organ transplant
patients in the remdesivir group, which was a char-
acteristic found to be strongly correlated with the
primary outcome in multivariable analysis.

Two of the major challenges faced by our institu-
tion in the implementation of these COVID-19
outpatient treatment programs were the adminis-
tration of remdesivir and the drug interactions of
nirmatrelvir/ritonavir. Despite the logistical and
economical caveats of using a parenteral antiviral
such as remdesivir, our group and others have
demonstrated its feasibility and low rate of com-
plications.®181° Although not reported, drug
interactions were frequently mentioned as a rea-
son not to prescribe nirmatrelvir/ritonavir in the
population seen at our center. Imbalances in
baseline characteristics between groups could be
related to this.

The main limitation of this study is that the con-
trol group originated from late diagnosis. Other
limitations include its non-randomized nature,
the limited availability of antivirals (molnupiravir
not used in Mexico), the lack of long-term follow-
up, and the absence of data regarding specific
antiviral-associated adverse events and drug—drug
interactions that may have contraindicated the
use of nirmatrelvir/ritonavir. However, the main
strength of the study is the minimization of poten-
tial confounding in treatment indication by pro-
pensity score matching. Other strengths include
having a control group without antiviral treat-
ment, assessing COVID-19 outcomes in high-risk
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patients during the Omicron era, and including a
wide group of immunocompromised patients.

Conclusion

Early antiviral treatment for high-risk COVID-19
outpatients with nirmatrelvir/ritonavir or remde-
sivir effectively reduces the 28-day risk of all-
cause and COVID-19-related hospitalization or
death.
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