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Abstract

Purpose In this study, we aim to explore the efficacy of paxlovid on reducing mortality of COVID-19 patients in
clinical setting, especially whether paxlovid modifies the risk of death in these severe and critical patients.

Methods Our retrospective cohort study was conducted on the medical records of patients, consecutively admitted
for COVID-19 to five hospitals in Chongging, China from Dec 8, 2022 to Jan 20, 2023. Based on whether patients
received paxlovid during their hospitalization, patients were grouped as paxlovid group and non-paxlovid group.

We used 1:1 ratio propensity score matching (PSM) in our study to adjust for confounding factors and differences
between groups. Statistical analysis were performed by SPSS 23.0. The differences in 28-day mortality between these
two groups and its influencing factors were the main results we focused on.

Results There were 1018 patients included in our study cohort. With 1:1 ratio PSM, each of the paxlovid group and
non-paxlovid group included 237 patients. The results showed that patients using paxlovid have a lower 28-day
mortality in overall population either before PSM (OR 0.594, 95% Cl 0.385-0.917, p=0.019) or after PSM (OR 0.458, 95%
C10.272-0.774, p=0.003) with multivariable adjusted logistic regression models. Meanwhile, in severe subgroup, it
showed similar findings.With paxlovid treatment, it showed a significantly lower 28-day mortality in severe subgroup
both before PSM (28% vs.41%, p=0.008) and after PSM (19% vs.32%, p=0.007).

Conclusion Paxlovid can significantly reduce the risk of 28-day mortality in overall population and severe subgroup
patients.This study distinguished the severe subgroup patients with COVID-19 who benefit more from paxlovid
treatment.
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Introduction

Coronavirus disease of 2019 (COVID-19), caused by
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), poses a huge burden owing to its rapid transmis-
sion [1]. As of Feb 12, 2023, there have been confirmed
more than 757 million cases, and it has resulted more
than 6 million deaths [2]. Human scientists and health-
care workers have dedicated to research how to prevent
SARS-CoV-2 infection and treat patients in order to
achieve the goal of reducing infections and deaths. Fortu-
nately, the treatment options for COVID-19 have signifi-
cantly increased in recent years [3, 4]. In clinical practice,
there may be multiple risk factors for SARS-CoV-2 infec-
tion, including vaccination, underlying disease condi-
tions, severity of illness, etc. In the study of Ghasemi D
et al. [5], they found that anti-SARS-CoV-2 antibodies in
the blood can persist for 6 months post-infection, it may
be against SARS-CoV-2 infection for some time. How-
ever their levels steeply declined over time. Hosseinza-
deh R et al [6] pointed out that COVID-19 patients with
hypertensive, age>60 years, BMI>25Kg/m? diabetes
and chronic kidney disease are associated with poor out-
comes. And predictors for severity of SARS-CoV-2 infec-
tion also include underlying liver diseases [7].

At the same time, the severity and prognosis of the dis-
ease caused by SARS-CoV-2 infection is also related to
the patient’s underlying disease situation. Therefore, it
may be very important to choose a personalized treat-
ment for different patients with COVID-19. Pontolillo
M et al [8] reported their experience in the use of mol-
nupiravir. They pointed out that patients receiving mol-
nupiravir exhibited advantages such as early clinical
improvement, no need for hospitalization, and low inci-
dence of adverse events. Saravolatz LD et al [9] reviewed
the antiviral activity of paxlovid and molnupiravir, which
included these 2 oral COVID-19 antiviral drugs’ mech-
anisms of action, clinical experience, recommended
indications, etc. Ucciferri C et al [10] found that no dif-
ference of therapeutic response was observed in patients
treated with monoclonal antibody, whether they were
obese or not. And they also found that pidotimod can
promote faster virological recovery as an effective, low-
cost drug in the first phase of disease [11]. Nejat N et al
[12] reminded people that some traditional methods for
COVID-19 prevention and treatment may lack the nec-
essary effectiveness and have side effects. And they gave
the suggestion that necessary training should be provided
to the public about using treatment for COVID-19. These
studies tell us that the treatment experience for COVID-
19 needs to sum up repeatedly in clinical practice, which
may lead to effective therapeutic options. As a potential
Mpro inhibitor, paxlovid shows good antiviral activity
in vivo and has been approved by the National Medical
Products Administration for emergency treatment of
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COVID-19 [13]. It is an oral antiviral drug produced by
Pfizer for using against COVID-19 [14]. Many advances
have been made in development of anti-SARS-CoV-2
inhibitors, and the efficacy for mild and moderate
COVID-19 patients has been proven [15, 16]. But some
important outcome indicators such as 28-day mortal-
ity were rarely studied. There were also some impor-
tant problems to use the anti-SARS-CoV-2 therapeutics
that need to be explored, such as whether paxlovid also
benefit severe and critical patients with COVID-19. In
this study, we aim to explore the efficacy of paxlovid on
reducing mortality of COVID-19 patients in clinical set-
ting, especially whether paxlovid modifies the risk of
death in these severe and critical patients. We would like
to provide our clinical experiences in using paxlovid to
treat COVID-19 patients.

Patients and methods

Our study was conducted on the medical information of
patients, consecutively admitted for COVID-19 to five
hospitals in Chongqing from Dec 8, 2022 to Jan 20, 2023.
The inclusion criteria are as follows: (1) nasopharyngeal
swab specimens that confirmed SARS-CoV-2 nucleic
acid positivity by RT-PCR. (2) the diagnostic criteria for
COVID-19 was accorded with “Diagnosis and Treatment
Program for Novel Coronavirus Pneumonia (tenth Edi-
tion)” which published by the National Health Commis-
sion and National Administration of Traditional Chinese
Medicine!’. (3) age>18years. (4) Female were not preg-
nant or breastfeeding. Exclusion criteria: (1) using azvu-
dine for anti-SARS-CoV-2 (During the research period,
only azvudine and paxlovid were the available antiviral
drugs ). (2) patients with immunodeficiency or immu-
nosuppression. The study was approved by the Institu-
tional Research Ethics Committee of the First Affiliated
Hospital of Chongqing Medical University (Chongqing,
China). The study was performed in accordance with rel-
evant guidelines and regulations. Records were extracted
by three of the authors from the medical records sys-
tems of each hospital, and the lead author verified the
data accuracy. Baseline data were collected on the first
day of hospital admission which included age, gen-
der, medical history, pre-existing comorbid conditions,
COVID-19 testing results, clinic type, laboratory test
results at admission, the use of systemic corticosteroids,
budesonide, paxlovid, supplemental oxygen and invasive
or noninvasive mechanical ventilation support. Based on
whether patients received Paxlovid at any point during
their hospitalization, patients were grouped as follows:
paxlovid group and non-paxlovid group. At present,
patients with COVID-19 were classified into four grades
(mild, moderate, severe and critical) by “Diagnosis and
Treatment Program for Novel Coronavirus Pneumonia
(tenth Edition)” which published by the National Health
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Commission and National Administration of Traditional
Chinese Medicine [17]. In our study, these patients were
classified into moderate patients and severe sub-group
(including severe and critical patients) according to the
standard.

In this study, primary outcome was 28-day mortal-
ity that was from the date of admission. Mortality data
for discharged patients was gathered from telephone
follow-ups.

Statistical analysis

SPSS 23.0, the R package (version 4.2.2), and PSM plug-
ins (version 3.0.4) were used for the statistical analy-
sis. For the parameters with a Gaussian distribution,
Data were expressed as meanststandard deviations
(meanzSD). And for the parameters with a non-Gauss-
ian distribution, they were expressed as medians and
range (median+IQR). Comparisons were made using
parametric (Student’s) or non-parametric (Mann—Whit-
ney U) tests. Chi-square test was used for categorical
variables. It was considered statistically significant if
p-values was less than 0.05. The association between risk
factors and 28-day mortality were used logistic regression
models to caculate the adjusted odds ratios (ORs) and
its 95% Cls. We used 1:1 ratio propensity score match-
ing (PSM) in our study to adjust for confounding factors
and differences between groups. The paxlovid group was
matched with the non-paxlovid group without replace-
ment according to the propensity scores generated. For
PSM, we set a caliper value of 0.15. Patients’ baseline
between the Paxlovid group and the non-Paxlovid group
was matched by using nearest-neighbor matching. And
the standardized mean difference (SMD) was computed
before and after matching in order to determine whether
the PSM lessened the differences in pretreatment covari-
ates between the paxlovid and non-paxlovid groups.
Finally, we included potential confounding factors of
clinical expertise judgment as well as variables with
p<0.1 and used the Cox model and multivariate logistic
regression model to adjust the residual imbalance.

Results

COVID-19 patients admitted to the hospital during the
study period were 1266. Of them, 12 patients younger
than 18 years and 236 patients used azvudine were
excluded. Finally, 1018 patients were included in our
study cohort. In general, there were 241 patients received
paxlovid treatment during hospitalization, while 777
patients did not expose to paxlovid treatment. With 1:1
ratio PSM, each of the paxlovid group and non-paxlovid
group included 237 patients (Fig. 1).
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Baseline characteristics of included patients

In original and matched cohort, the clinical character-
istics of the paxlovid group and the non-paxlovid group
were shown in Table 1. Before PSM, there were sig-
nificant differences in frequency of Chronic pulmonary
disease (12% vs.18%, p=0.046), Chronic liver disease
(2% vs.6%, p=0.024), CRP (41.2 vs.13.93, p=0.000), P/F
(267 vs.276.7, p=0.011), and Hospital stay (9.68 vs.8.63,
p=0.011) between paxlovid group and non-paxlovid
group. In matched cohort, it showed no significant differ-
ences in these aspects.

Primary outcomes

We analyzed the association of using paxlovid and 28-day
mortality of COVID-19 patients in overall and subgroups
(Table 2). The results showed that using paxlovid was
associated with reduced 28-day mortality (OR 0.626, 95%
CI 0.403-0.971, p=0.036) after PSM. With multivariable
adjusted logistic regression models, the results showed
that patients using paxlovid have a lower mortality in
overall population either before PSM (OR 0.594, 95% CI
0.385-0.917, p=0.019) or after PSM (OR 0.458, 95% CI
0.272-0.774, p=0.003). Meanwhile, in severe subgroup,
the results showed that patients using paxlovid have a
lower 28-day mortality both with univariate analysis (OR
0.491, 95% CI 0.293-0.824, p=0.007) and multivariable
analysis (OR 0.413, 95% CI 0.223-0.765, p=0.005) after
PSM.

Furthermore, analysis association between paxlovid
treatment and 28-day mortality of COVID-19 patients
in each subgroup before and after PSM was shown in
Fig. 2. With paxlovid treatment, it showed a significantly
lower 28-day mortality in severe subgroup both before
PSM (28% vs.41%, p=0.008) and after PSM (19% vs.32%,
p=0.007).

Risk factors of 28-day mortality

Finally, we estimated the risk factors associated with
higher 28-day mortality in matched cohort (Table 3). We
found that the risk factors associated with higher 28-day
mortality could be older age (OR 1.040, 95%CI 1.019 to
1.062, P=0.000), Diabetes (OR 1.863, 95%CI 1.063 to
3.265, P=0.030), Cardiovascular diseases (OR 1.737,
95%CI 1.021 to 2.952, P=0.041), higher Neutrophil count
(OR 1.120, 95%CI 1.041 to 1.206, P=0.003), and lower
oxygenation index (OR 0.996, 95%CI 0.994 to 0.998,
P=0.001). The COVID-19 patients received supplemen-
tal oxygen (OR 3.332, 95%CI 1.484 to 7.485, P=0.004) and
NIV (OR 3.033, 95%CI 1.749 to 5.261, P=0.000) treat-
ment also had a higher 28-day mortality.
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Patients diagnosed with COVID-19
from 5 hospitals(n=1266)

Patients excluded:

~
- not adult (n=12)
Patients for further
Screening (n=1254)
.. | Patients excluded:
” | Using Azvudine (n=236)
Final Cohort (n=1018)
Paxlovid group non-Paxlovid group
(n=241) (n=799)
After PSM (1:1)

the two groups (n=237:237)

Fig. 1 Flowchart of patient selection
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Table 1 The demographic and clinical characteristics of COVID-19 patients with Paxlovid treatment or not

Original cohort Matched cohort

Paxlovid non-Paxlov- Pvalue SMD Paxlovid non-Paxlovid P value SMD

(n=241) id (n=777) (n=237) (n=237)
Age, years(mean +SD) 711441495 69.7+15.16 P=0.196 0.096 71.0+15036 7145+14063 P=0.738 -0.030
Gendermale 151(75%) 453(58%) P=0.260 -0.09 148(62%) 157(66%) P=0.443 0.078
Diabetes 66(27%) 217(28%) P=0.934 -0012 64(27%) 67(28%) P=0.837 -0.028
Cardiovascular diseases 99(41%) 365(47%) P=0.120 -0.12 97(41%) 100(42%) P=0.852 -0.026
Chronic pulmonary disease 29(12%) 137(18%) P=0.046 -0.172 29(12%) 23(10%) P=0.463 0.078
Chronic kidney disease 36(15%) 102(13%) P=0.518 0.051 36(15%) 35(15%) P=1.000 0.012
Chronic liver disease 5(2%) 43(6%) P=0.024 -0.242 5(2%) 6(3%) P=1.000 -0.030
Laboratory tests
Neutrophil 5.02(3.38- 4.73(2.93- P=0.086 0063 5.02(3.37- 525(347-7.83) P=0.658 0.045
(median+IQR)x10° 7.64) 7.05) P=0.060 -0.141 7.81) 0.86+0.67 P=0.696 0.040
Lymphocyte (mean+SD)x10° 0.87+0.55 0.96+0.64 P=0.193 -0.098 0.88+0.55 156(118.5- P=0.600 0.032
Platelet (median +IQR)x10° 157(116-211) 166(123-227) P=0.000 0.405 161(117-214) 214.5) P=0.070 0.068
CRP (median+1QR) - mg/dL ~ 41.2(12.7-90) 13.93(345-59) P=0.416 0.037 415(11.8-90) 29.9(6-97.25) P=0.405 0.011
PCT (median+IQR) - ng/mL  0.15(0.07-0.8) 0.14(0.07- P=0.238 -0327 0.13(0.07- 0.18(0.07-092) P=0.949 -0.025
DD (median+1QR) - ng/mL 1.06(0.48- 0.53) P=0.011 -0.134 0.69) 0.87(048-2.28) P=0.893 0.044
P/F (median +IQR) 2.36) 0.88(0.47- P=0.253 -0.087 -0.107 0.99(047- 276.7(197- P=0.952 P=0.952 0.027
Moderate subgroup 253(168- 1.91) P=0.253 2.21) 373) -0.025
Severe subgroup 329.25) 283.5(203- 267(188-364) 76(32%)

81(34%) 376) 79(33%) 161(68%)

160(66%) 293(38%) 158(67%)

484(62%)

Outcomes
Hospital stay, days 9.68+5.29 8.63+5.67 P=0.011 974527 9.34+643 P=0.502
(mean+SD) 44(18%) 188(24%) P=0.065 43(18%) 62(26%) P=0.046

28-day mortality

Definition of abbreviations: SD (standard deviation), SMD (standardized mean difference), IQR (interquartile range), CRP (C-reactive protein), PCT (procalcitonin),
DD (D-dimer), P/F (Oxygenation index, PaO2/FiO2 ration, ratio of partial pressure of O2 in arterial blood to fraction of inspired oxygen).

Table 2 Association of using Paxlovid and 28-day mortality of COVID-19 patients in overall and subgroups

Univariate analysis Multivariate analysis
28- day mortality B-value OR(95%Cl) P-value B-value OR(95%Cl) P-value
Overall patients before PSM (n=1018) 0.166 1.181(0.823 to 1.694) P=0.367 -0.520 0.594(0.385 t0 0.917) P=0.019
Overall patients after PSM (n=474, match 1:1) -0.469 0.626(0.403 to 0.971) P=0.036 —-0.780 0458(0.272 t0 0.774) P=0.003
Moderate subgroup patients after PSM (n=155) 0.262 1.300(0.533 t0 3.173) P=0.564 -0.278 0.757(0.215 to 2.670) P=0.665
Severe subgroup patients after PSM (n=319) -0.711 0.491(0.293 t0 0.824) P=0.007 -0.884 0.413(0.223 t0 0.765) P=0.005
Definition of abbreviations: PSM (propensity score matching), OR (adjusted odds ratio), Cl (confidence interval).
A B
28-day mortality with and without Paxlovid before and 28-day mortality with and without Paxlovid before and
after PSM in severe sub-group after PSM in moderate sub-group
= = With Paxlovi a With Paxlovi
ith Paxlovid mm With Paxlovid
40 = Without Paxlovid 15 = Without Paxlovid
£ 50 £
£ 20- £
= =
10 7
0- — 0
Before PSM After PSM Before PSM After PSM

Fig. 2 (A and B): Association between Paxlovid treatment and 28-day mortality of COVID-19 patients in each subgroup
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Table 3 Factors related to 28-day mortality of COVID-19 patients
with logistic regression model after PSM

Variables OR Lower.95 Upper.95 P-value
Age 1.040  1.019 1.062 P=0.000
Diabetes 1863  1.063 3.265 P=0.030
Cardiovascular diseases ~ 1.737  1.021 2952 P=0.041
Chronic kidney disease 1388  0.695 2.769 P=0.353
Neutrophil 1120 1.041 1.206 P=0.003
Lymphocyte 0.792 0515 1217 P=0.288
C-reactive protein(CRP) 1.001 0997 1.006 P=0472
Oxygenation index 0.996  0.99% 0.998 P=0.001
Systemic corticosteroids 0976  0.537 1771 P=0.935
Supplemental oxygen 3332 1484 7485 P=0.004
NIV 3.033  1.749 5.261 P=0.000
IMV 1.785  0.904 3.523 P=0.095

Definition of abbreviations: PSM (propensity score matching), OR (adjusted
odds ratio), NIV(Non-invasive mechanical ventilation), IMV(Invasive mechanical
ventilation).

Discussion

In our study, we analyzed the association of paxlovid
using and 28-day mortality of COVID-19 patients in
overall and subgroups before and after PSM. We found
that paxlovid treatment reduced 28-day mortality of
COVID-19 patients in severe subgroup from 41 to 28%
before PSM and from 32 to 19% after PSM. Meanwhile,
the result showed that using paxlovid was associated with
a higher mortality in overall and severe subgroup popu-
lation, both with univariate analysis and multivariable
adjusted logistic regression models. Many other studies
focused on the efficacy of paxlovid in COVID-19. Pax-
lovid is a new oral antiviral drug, produced by Pfizer to
use against COVID-19, given for 5 consecutive days
to patients with mild to moderate disease [18, 19]. In
another study [20], half of the participants received pax-
lovid and the other half received placebo administered
orally every 12 h for five consecutive days. The study
revealed that paxlovid was 89% effective in patients at
risk of serious illness. In a meta-analysis [21], the study
shows that paxlovid is effective in reducing the mortality
and hospitalization rates in COVID-19 patients. In addi-
tion, the study showed that the paxlovid did not increase
the occurrence of adverse events, thus exhibiting good
overall safety. Najjar-Debbiny R et al [22] pointed out that
both paxlovid and adequate COVID-19 vaccination sta-
tus were associated with significant decrease in the rate
of severe COVID-19 or mortality. These studies have
found on the efficacy of paxlovid in COVID-19 patients
and their research findings are consistent with ours in
many aspects.

However, some other studies have to some extent
expressed concerns about the use of paxlovid. Arbel R
et al [23] reported that paxlovid significantly reduce the
hospitalization and death rates in patients over 65 years
old but not those under 65 years. Najjar-Debbiny R et
al [22] also pointed out paxlovid appears to be more
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effective in older patients. It seems that it is very impor-
tant to choose a personalized therapeutic plan according
to the basic condition and severity of COVID-19 patients.

During our study period, there were only two anti-
viral drugs available in our city, so some patients with
COVID-19 were treated with paxlovid. In our study, we
conducted a subgroup analysis on COVID-19 with dif-
ferent severity.We found paxlovid treatment significantly
reduced 28-day mortality of COVID-19 patients in severe
subgroup. Our findings were validated after multivariate
adjustment for differences and comorbidities between the
treatment and control group, and also in a PSM cohort.
We believe that this result is reliable and consistent with
the actual situation observed in our clinical practice.

This study has some limitations. First, it is a retrospec-
tive study. This is mainly a real-life database. Due to the
accessibility of drugs, our choice of antiviral therapy
is limited. We can not assess the effect of other impor-
tant variables. Second, we mainly concerned about the
impact of paxlovid on mortality, while had not strictly
ruled out the role of traditional Chinese medicine. Third,
a large number of patients not admitting to hospital were
excluded, which made this study unable to evaluate the
efficacy of paxlovid in these patients. Although this study
has several limitations, it still provides good evidences
about the role of paxlovid in patients with COVID-19.

Conclusions

In conclusion, paxlovid can significantly reduce the risk
of 28-day mortality in overall population and severe sub-
group patients with COVID-19. This is a very meaning-
ful discovery, because it validated the effect of paxlovid
treating patients with COVID-19 in the clinical setting.
More importantly, this study distinguished the severe
subgroup patients with COVID-19 who benefit more
from paxlovid treatment. If our study results were con-
firmed by more clinical trials, it will increase the treat-
ment options of patients with severe COVID-19.

Acknowledgements
None.

Author contributions

Kaican Zong and Shuliang Guo designed the study, and Kaican Zong edited
the main manuscript. Li Xu, Chun Luo, Chen Luo, Bin Liu, Jiacheng Chen, Huizi
Wu, Zhigiang Liu, and Rongjuan Zhuang collected the data, all authors revised
the manuscript.

Funding

This work was supported by the Chongging Municipal Education Commission
(KYYJ202006) and Famous experts and teachers of Chongging Talents
Program.

Data availability
The data that support the findings of this study are available on request from
the corresponding author.



Zong et al. BMC Infectious Diseases (2024) 24:767

Declarations

Ethics approval and consent to participate

The study was approved by the Institutional Research Ethics Committee of
the First Affiliated Hospital of Chongging Medical University (Chongging,
China, K2023-066). Owing to the retrospective nature of the study, a waiver
of informed consent was granted by the the Institutional Research Ethics
Committee of the First Affiliated Hospital of Chongging Medical University
(Chongging, China, K2023-066).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 10 August 2023 / Accepted: 6 June 2024
Published online: 01 August 2024

References

1. Torneri A, Libin P, Vanderlocht J, Vandamme AM, Neyts J, Hens N. A prospect
on the use of antiviral drugs to control local outbreaks of COVID-19. BMC
Med. 2020;18(1):1-9. https://doi.org/10.1186/512916-020-01636-4.

2. WHO:Weekly epidemiological update on COVID-19-22. February 2023
https//www.who.int/emergencies/diseases/novel-coronavirus-2019/
situation-reports.

3. Soin AS, Kumar K, Choudhary NS, Sharma P, Mehta Y, Kataria S, et al.
Tocilizumab plus standard care versus standard care in patients in India
with moderate to severe COVID-19-associated cytokine release syndrome
(COVINTOCQ): an open-label, multicentre, randomised, controlled, phase
3 trial. Lancet Respir Med. 2021;9(5):511-21. https://doi.org/10.1016/
$2213-2600(21)00081-3.

4. Wang Z,Yang L. Broad-spectrum prodrugs with anti-SARS-CoV-2 activities:
strategies, benefits, and challenges. J Med Virol. 2022;94(4):1373-90. https://
doi.org/10.1002/jmv.27517.

5. Ghasemi D, Araeynejad F, Maghsoud O, Gerami N, Keihan AH, Rezaie E, et al.
The Trend of IgG and IgM antibodies during 6-Month Period after the Disease
Episode in COVID-19 patients. Iran J Sci Technol Trans Sci. 2022;46(6):1555-62.
https://doi.org/10.1007/540995-022-01382-7.

6.  Hosseinzadeh R, Goharrizi MASB, Bahardoust M, Alvanegh AG, Ataee MR,
Bagheri M, et al. Should all patients with hypertension be worried about
developing severe coronavirus disease 2019 (COVID-19)? Clin Hypertens.
2021;27(1):3. https://doi.org/10.1186/540885-021-00161-7.

7. Bahardoust M, Heiat M, Khodabandeh M, Karbasi A, Bagheri-Hosseinabadi
7, Ataee MH, et al. Predictors for the severe coronavirus disease 2019
(COVID-19) infection in patients with underlying liver disease: a retrospective
analytical study in Iran. Sci Rep. 2021;11(1):3066. https://doi.org/10.1038/
s41598-021-82721-3.

8. Pontolillo M, Ucciferri C, Borrelli P, Di Nicola M, Vecchiet J, Falasca K. Mol-
nupiravir as an early treatment for COVID-19: a real life study. Pathogens.
2022,11(10):1121. https://doi.org/10.3390/pathogens11101121.

9. Saravolatz LD, Depcinski S, Sharma M. Molnupiravir and Nirmatrelvir-
Ritonavir: oral coronavirus Disease 2019 antiviral drugs. Clin Infect Dis.
2023;76(1):165-71. https://doi.org/10.1093/cid/ciac180.

Page 7 of 7

0. Ucciferri C, Moffa L, Moffa S, Vecchiet J, Falasca K. Are monoclonal antibodies
effective in patients with severe obesity in SARS-CoV-2 infected? Immun
Inflamm Dis. 2023;11(2):e771. https://doi.org/10.1002/iid3.771.

11.  Ucciferri C, Di Gasbarro A, Borrelli P, Di Nicola M, Vecchiet J, Falasca K. New
therapeutic options in mild moderate COVID-19 outpatients. Microorgan-
isms. 2022;10(11):2131. https://doi.org/10.3390/microorganisms10112131.

12. Nejat N, Jadidi A, Hezave AK, Pour SMA. Prevention and Treatment of COVID-
19 using traditional and Folk Medicine: a content analysis study. Ethiop J
Health Sci. 2021;31(6):1089-98. https://doi.org/10.4314/ejhs.v31i6.3.

13. Borbone N, Piccialli G, Roviello GN, Oliviero G. Nucleoside analogs and
nucleoside precursors as drugs in the fight against SARS-CoV-2 and
other coronaviruses. Molecules. 2021;26(4):1-17. https://doi.org/10.3390/
molecules26040986.

14. Qomara WF, Primanissa DN, Amalia SH, Purwadi FV, Zakiyah N. Effectiveness
of Remdesivir, Lopinavir/Ritonavir, and Favipiravir for COVID-19 treatment:

a systematic review. Int J Gen Med. 2021;23(14):8557-71. https://doi.
0rg/10.2147/1JGM.S332458.

15. Yang L, Wang Z. Bench-to-bedside: Innovation of small molecule anti-SARS-
CoV-2 drugs in China. Eur J Med Chem. 2023;5(257):115503. https://doi.
0rg/10.1016/j.ejmech.2023.115503.

16. Li P, Wang, Lavrijsen M, Lamers MM, de Vries AC, Rottier RJ, et al. SARS-
CoV-2 omicron variant is highly sensitive to molnupiravir, nirmatrelvir,
and the combination. Cell Res. 2022;32:322-4. https://doi.org/10.1038/
s41422-022-00618-w.

17. China National Health Commission. Chinese clinical guidance for COVID-19
pneumonia diagnosis and treatment. http:/kjfy.meetingchina.org/msite/
news/show/cn/3337.html (accessed Jan5, 2023).

18.  Hammond J, Leister-Tebbe H, Gardner A, Abreu P, Bao W, Wisemandle W, et al.
EPIC-HR investigators. Oral nirmatrelvir for high-risk, nonhospitalized adults
with Covid-19. N Engl J Med. 2022;386:1397-408. https://doi.org/10.1056/
NEJMoa2118542.

19.  Cokley JA, Gidal BE, Keller JA, Vossler DG. Reviewed and approved by the
AES Treatments Committee and Council on Clinical activities. PaxlovidTM
Information from FDA and Guidance for AES members. Epilepsy Curr.
2022;22(3):201-4. https://doi.org/10.1177/15357597221088415.

20. Mahase E. Covid-19: Pfizer's paxlovid is 89% effective in patients at risk of seri-
ous illness, company reports. BMJ. 2021,375:n2713. https://doi.org/10.1136/
bmj.n2713.

21. Wen W, Chen C,Tang J, Wang C, Zhou M, Cheng Y, et al. Efficacy and safety of
three new oral antiviral treatment (molnupiravir, fluvoxamine and paxlovid)
for COVID-19: a meta-analysis. Ann Med. 2022;54(1):516-23. https://doi.org/1
0.1080/07853890.2022.2034936.

22. Najjar-Debbiny R, Gronich N, Weber G, Khoury J, Amar M, Stein N, et al.
Effectiveness of Paxlovid in reducing severe coronavirus Disease 2019 and
mortality in high-risk patients. Clin Infect Dis. 2023;76(3):e342-9. https://doi.
0org/10.1093/cid/ciac443.

23.  Arbel R, Wolff Sagy Y, Hoshen M, Battat E, Lavie G, Sergienko R, et al. Nirma-

trelvir use and severe covid-19 outcomes during the omicron surge. N Engl J

Med. 2022;387(9):790-8. https://doi.org/10.1056/NEJM0a2204919.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1186/s12916-020-01636-4
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports
https://doi.org/10.1016/S2213-2600(21)00081-3
https://doi.org/10.1016/S2213-2600(21)00081-3
https://doi.org/10.1002/jmv.27517
https://doi.org/10.1002/jmv.27517
https://doi.org/10.1007/s40995-022-01382-7
https://doi.org/10.1186/s40885-021-00161-7
https://doi.org/10.1038/s41598-021-82721-3
https://doi.org/10.1038/s41598-021-82721-3
https://doi.org/10.3390/pathogens11101121
https://doi.org/10.1093/cid/ciac180
https://doi.org/10.1002/iid3.771
https://doi.org/10.3390/microorganisms10112131
https://doi.org/10.4314/ejhs.v31i6.3
https://doi.org/10.3390/molecules26040986
https://doi.org/10.3390/molecules26040986
https://doi.org/10.2147/IJGM.S332458
https://doi.org/10.2147/IJGM.S332458
https://doi.org/10.1016/j.ejmech.2023.115503
https://doi.org/10.1016/j.ejmech.2023.115503
https://doi.org/10.1038/s41422-022-00618-w
https://doi.org/10.1038/s41422-022-00618-w
http://kjfy.meetingchina.org/msite/news/show/cn/3337.html
http://kjfy.meetingchina.org/msite/news/show/cn/3337.html
https://doi.org/10.1056/NEJMoa2118542
https://doi.org/10.1056/NEJMoa2118542
https://doi.org/10.1177/15357597221088415
https://doi.org/10.1136/bmj.n2713
https://doi.org/10.1136/bmj.n2713
https://doi.org/10.1080/07853890.2022.2034936
https://doi.org/10.1080/07853890.2022.2034936
https://doi.org/10.1093/cid/ciac443
https://doi.org/10.1093/cid/ciac443
https://doi.org/10.1056/NEJMoa2204919

	﻿Paxlovid reduces the 28-day mortality of patients with COVID-19: a retrospective cohort study
	﻿Abstract
	﻿Introduction
	﻿Patients and methods
	﻿Statistical analysis

	﻿Results
	﻿Baseline characteristics of included patients
	﻿Primary outcomes
	﻿Risk factors of 28-day mortality

	﻿Discussion
	﻿Conclusions
	﻿References


