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ABSTRACT

Introduction: Elderly patients are the most
affected and vulnerable to COVID-19 and
effective therapeutic interventions are urgently
required. We clarified the safety and efficacy of
Paxlovid in the treatment of elderly patients
with coronavirus disease 2019 (COVID-19).
Methods: Patients aged over 60 years and with
mild to moderate COVID-19 were admitted to

the Zhongshan Hospital MinHang MeiLong
Branch, Fudan University and received either
Paxlovid treatment or only conventional ther-
apy, between April 1 and May 31, 2022. Viral
shedding time, duration of hospital stay, disease
progression, and adverse events were analyzed,
and multivariate Cox regression analysis was
performed to detect the independent high-risk
factors for COVID-19 progression in the
patients.
Results: A total of 163 (82 and 81 in the treat-
ment and control groups, respectively) patients
had a median age of 82 (71–89) years, and
89.0% had at least one concomitant disease.
The duration of hospitalization reduced from 15
to 13 days, and viral shedding time reduced
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from 20 to 16.5 days after Paxlovid treatment.
The differences of these two variables between
the groups were significant (p\ 0.01). More-
over, no serious adverse events or obvious
changes in laboratory test results were observed
in patients treated with Paxlovid. One patient
(1.2%) treated with Paxlovid experienced
rebound 56 days after negative measurement.
Multivariate analysis showed that Paxlovid
therapy, age, hemoglobin, and nucleic acid Ct
values at admission were independent risk fac-
tors for hospitalization within 14 days, and the
differences were significant (p\ 0.01).
Conclusion: The use of Paxlovid in elderly
patients may promote recovery from COVID-19
and reduce the viral load without adverse
events.
Clinical trial registration: www.ClinicalTrials.
gov, ID: ChiCTR2200066990.

Keywords: Elderly patient; COVID-19; SARS-
CoV-2; Paxlovid

Key Summary Points

Why carry out this study?

Elderly patients are the most affected and
vulnerable to COVID-19 and effective
therapeutic interventions are urgently
required.

We clarified the safety and efficacy of
Paxlovid in the treatment of elderly
patients with COVID-19.

What was learned from the study?

The use of Paxlovid in elderly patients may
promote recovery from COVID-19 and
reduce the viral load without adverse
events.

Paxlovid might be able to reduce the
transition rate to severe COVID-19.

INTRODUCTION

Hundreds of millions of individuals, especially
elderly without vaccination or with chronic
diseases, have been infected with severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-
2) since the outbreak of COVID-19 in Wuhan,
China [1, 2]. According to the World Health
Organization, 643,875,406 were infected with
COVID-19, including 6,630,082 deaths as of
9 December 2022 [3]. In November 2021, the
omicron variant was first identified in Botswana
and rapidly became the dominant circulating
variant [4]. Numerous studies have focused on
the mechanisms of and therapeutic methods for
the disease; however, there is still no perfect
treatment.

The recent global surge of the B.1.1.529
(omicron) variant of SARS-CoV-2 has further
accelerated the COVID-19 pandemic and reig-
nited the concern of society in general [4, 5].
Hospitalization rate, hospitalization length, and
death rate of patients infected with omicron
variant have declined relative to those infected
with other variants, and the symptoms are less
severe [6–8]. However, omicron has more than
50 mutations and different amino acids in the
spike protein, which poses a large threat to
elderly patients with no vaccination and
chronic comorbidities owing to the disordered
immune system, making treatment difficult for
these patients [4, 9, 10]. It has been reported
that the omicron variant is resistant to the
treatment of convalescent plasma and most
neutralizing nonoclonal antibodies [11].
Recently, several oral antiviral drugs have been
reported to reduce the frequency of hospital-
ization, inhibit risk of pneumonia progression,
and block transition to a severe stage, repre-
senting important alternatives to COVID-19
treatment, even for the omicron variant
[12–16]. Remdesivir, molnupiravir, and Paxlo-
vid are the three typical drugs used for antiviral
therapy [14–16].

Paxlovid and molnupiravir are the primary,
novel, approved antiviral drugs inhibiting the
viral replication in host cells [12, 13, 17, 18].
Paxlovid is composed of two agents: nirma-
trelvir, which blocks viral replication by
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targeting the protease of SARS-CoV-2-3CL, and
ritonavir, which delays the metabolism of nir-
matrelvir by inhibiting cytochrome P4503A and
CYP2D [16]. A recent clinical trial indicated that
a 5-day dose of Paxlovid can reduce the risk of
death and hospitalization risk by 89% com-
pared to that with placebo [12, 19], suggesting
the effectiveness of Paxlovid in reducing the
transition from mild to severe disease stage. In
addition, Paxlovid has shown effectiveness in
immunocompromised patients [18]. In kidney
transplant recipients infected with SARS-CoV-2,
the Paxlovid treatment under a strict protocol
was also relatively safe and effective [20].
Another retrospective analysis also demon-
strated that Paxlovid could reduce the risk of
COVID-19-associated hospitalization [21].
However, these studies were not powered to
demonstrate the effect of Paxlovid on the
elderly patients, although they were predomi-
nantly affected by omicron surge. Therefore,
there is a need to investigate the safety and
efficacy of Paxlovid in elderly hospitalized
patients. Powered to answer the question in the
present study, we analyzed the safety, tolera-
bility, and therapeutic effects of Paxlovid
administered twice daily for 5 days in the
treatment of hospitalized elderly patients with
mild or moderate COVID-19 caused by the
omicron variant of SARS-CoV-2 in Shanghai.

METHODS

Patients and Study Design

This was a single-center, retrospective study.
The medical records of patients aged over
60 years who were diagnosed with mild or
moderate COVID-19 caused by omicron vari-
ant, according to the Chinese guidelines for
diagnosis and treatment of COVID-19, were
reviewed from April 1 to May 31, 2022 in the
Zhongshan Hospital MinHang MeiLong
Branch, Fudan University (Shanghai, China)
(Fig. 1). Patients with mild COVID-19 had clin-
ical manifestations related to COVID-19, such
as fever and/or respiratory symptoms, but the
symptoms were mild, and there was no evi-
dence of pneumonia on imaging. Patients with

moderate COVID-19 had clinical manifesta-
tions associated with COVID-19 and evidence
of pneumonia on imaging. A suspected diag-
nosis was made on the basis of comprehensive
analysis of the patient’s epidemiological his-
tory, clinical manifestations, laboratory tests,
and other tests, while a positive COVID-19
nucleic acid test is the first criterion to confirm
the diagnosis.

According to the diagnosis and treatment
protocol for coronavirus pneumonia in China
(trial version 9) (Diagnosis and Treatment Pro-
tocol for Coronavirus Pneumonia, 2022), con-
ventional therapy included oxygen inhalation
as needed (2 L/min for half an hour, three times
a day) and Lianhuaqingwen capsules (four cap-
sules administered orally thrice daily for
14 days; Shijiazhuang Yiling Pharmaceutical
Co. Ltd., Shijiazhuang, China), while adminis-
tration of antibacterial agents or methylpred-
nisolone varied depending on disease severity.
After a Ct value greater than 35 of SARS-CoV-2
nucleic acid for nucleocapsid protein (N) and
open reading frame 1ab (ORF1ab) genes (in two
consecutive tests at a time interval of greater
than 24 h) in polymerase chain reaction (PCR),
patients were discharged or transferred to other
hospitals for further treatment depending on
their condition.

CT image review and visual severity scores
were obtained using previously reported meth-
ods [22]. Two non-author radiologists each with
15 years of working experience scored the CT
images and were blinded to patients’ clinical
statuses. After the initial independent evalua-
tions, the two radiologists discussed any dis-
agreements to reach consensus. Pulmonary
disease severity on CT scans was visually asses-
sed. Each scan was assigned to one of the fol-
lowing categories: no ground-glass opacity
(GGO) or consolidation, GGO only, consolida-
tion only, or both GGO and consolidation.
GGO was defined as an area of haziness with
increased attenuation that failed to show any
underlying vascular markings [22]. A visual
severity score was assigned to each lung lobe
using four categories of involved lobes based on
GGO and consolidation: 0, none (0% involve-
ment); 1, mild (less than 50% involvement); 2,
moderate (50–75% involvement); and 3, severe
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(greater than 75% involvement) [22]. An overall
CT visual severity score was obtained by sum-
ming the scores of the five lung lobes (possible
range for summed scores, 0–15) [22].

Eligibility Criteria and Trial Treatment

Patients were diagnosed with mild or moderate
COVID-19 at admission and received either
Paxlovid treatment or only conventional ther-
apy. The treatment group received Paxlovid
[300 mg nirmatrelvir (150 mg 9 2 tablets) with
100 mg ritonavir (100 mg 9 1 tablet) every 12 h
for 5 days] and conventional treatment; the
control group received conventional treatment
only [13]. If the kidneys of the patients had
moderate renal damage [30 mL/
(min�1.73 m2) B eGFR\60 mL/
(min�1.73 m2)], the Paxlovid dose was adjusted
to 150 mg nirmatrelvir and 100 mg ritonavir
twice daily for 5 days. Three patients in the
treatment group underwent dose reduction
because of impaired renal function.

Exclusion criteria for the study were (1) sev-
ere or critical pneumonia at admission, (2)
possible allergies to Paxlovid, (3) severe hepatic
and renal insufficiency, (4) consuming other
antiviral drugs, (5) risk of serious adverse effects
from interactions with other drugs, and (6)
duration of oral Paxlovid administration of less
than 5 days.

Efficacy Assessment of Paxlovid

The primary study endpoint was the duration of
hospitalization [from the first day of admission
to second time of nucleic acid Ct value being
greater than 35 for both ORF1ab and N genes
(two consecutive times at an interval of greater
than 24 h)], viral shedding time from the first
positive test to the second time of nucleic acid
Ct value being greater than 35 for both ORF1ab
and N genes (two consecutive times at an
interval of greater than 24 h) between the
treatment and control groups, and the effect of
Paxlovid oral administration on the transition
from moderate and mild to severe COVID-19.
The secondary outcome measures included
adverse events in the treatment group, changes
in laboratory testing during hospitalization, and
percentage of hospitalization within 10, 14, and
21 days (the number of patients discharged
within 10, 14, and 21 days accounts for the
percentage of the total number of patients in
the group). The two groups of patients were
followed up for 3 months for SARS-CoV-2 RT-
PCR rebound.

Data Extraction

Data extracted from the medical records
including age, sex, weight, height, comorbidi-
ties, medications, COVID-19 vaccine inoculated

Fig. 1 Flow diagram for study inclusion
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(Sinopharm or Sinovac Pharmaceutical Co. Ltd.,
China), time of detecting nucleic acid abnor-
mality, and latency of omicron were recorded.
Clinical data included the patients’ clinical
symptoms at admission, baseline Ct values for
ORF1ab genes after admission, initial laboratory
testing including routine blood tests, blood
biochemistry, coagulation profile, C-reactive
protein, chest computed tomography (CT)
scans, treatment measures (e.g., antibacterial
agents, respiratory support, and corticosteroid
therapy) during the hospital stay, and other
related data.

Compliance with Ethics Guidelines

The study was approved by the Institutional
Ethics Board of the Zhongshan Hospital, Fudan
University (No. B2022-245R) and was carried
out in accordance with the ethical principles for
medical research involving human subjects
established by the Declaration of Helsinki, pro-
tecting the privacy of all participants, as well as
the confidentiality of their personal informa-
tion. This study was registered at www.chictr.
org.cn (Identifier: ChiCTR2200066990).
Informed consent was obtained from all the
patients participating in the study.

Statistical Analysis

Categorical variables are described as frequency
rates and percentages, and continuous variables
are described using medians and interquartile
range (IQR) (25th–75th percentiles). Means for
continuous variables were compared using
independent group t tests when data were nor-
mally distributed. In other instances, the
Mann–Whitney U test was used. Proportions of
categorical variables were compared using the
v2 test, although Fisher’s exact test was used
when data were limited. Potential factors influ-
encing hospitalization within 14 days were
analyzed using univariate and multivariate Cox
regression models. All statistical tests were two-
sided, and p\0.05 was considered to be statis-
tically significant. Statistical analyses were per-
formed using the Statistical Package for the
Social Sciences (SPSS) software version 20.0

(SPSS Inc., Chicago, IL, USA), and statistical
mapping was performed using GraphPad Prism
7.0.

RESULTS

Patient Characteristics

Patient characteristics are provided in Table 1. A
total of 163 patients meeting the inclusion and
exclusion criteria were included in the current
study, comprising 81 and 82 in the control and
treatment groups, respectively. A total of 36 and
37 cases had moderate disease in the treatment
and control groups, respectively. With regard to
COVID-19 vaccine inoculation, 129 (79.1%)
patients failed to receive COVID-19 vaccine.
There were no significant differences between
the groups with regards to age, sex, BMI,
chronic comorbidities, disease duration prior to
admission, severity assessment at admission, or
the number of COVID-19 vaccine inoculations
(p[ 0.05). Moreover, no significant differences
were observed between the two groups in terms
of laboratory results, nucleic acid Ct values at
admission, and CT image visual severity scores
(p[ 0.05) (Table S1 in the supplementary
material).

Clinical Outcomes

The median time to receive Paxlovid in the
treatment group after admission was 2.5 days
(IQR 1–4). The median hospitalization duration
for all patients was 14 days (IQR 11–17 days).
The duration of hospitalization, the primary
endpoint, was significantly reduced in the Pax-
lovid treatment group compared to that in the
control group (p = 0.004, Table 2 and Fig. 2a).
Survival curves for the duration until discharge
in both groups are shown in Fig. 3. Moreover,
the viral shedding time from the first positive
test to the second time of nucleic acid Ct value
being greater than 35 for both ORF1ab and
N genes (two consecutive times at an interval of
greater than 24 h) was also significantly reduced
in the treatment group compared to that in the
control group (p = 0.001; Fig. 2b). The

Infect Dis Ther (2023) 12:649–662 653

http://www.chictr.org.cn
http://www.chictr.org.cn


percentage of hospital stays within 10 days was
significantly higher in the treatment group than
that in the control group (30.5% vs. 13.6%,
p = 0.009). The percentage of hospital stay

within 14 days reached 62.2%, which was sig-
nificantly higher in the treatment group than
that in the control group (p = 0.015, Fig. 2c).
The percentage of hospital stay within 21 days

Table 1 Baseline characteristics of older patients with COVID-19

Variables Total Treatment group Control group p
N = 163 N = 82 N = 81

Age, years 82 (71–89) 78 (72–88) 85 (70–90) 0.184

Men 70 (42.9%) 36 (43.9%) 34 (42.9%) 0.804

BMI, kg/m2 22.1 (20.8–23.5) 21.9 (20.3–24.1) 22.2 (21.0–23.4) 0.907

Symptoms

Fever 30 (18.4) 14 (17.1%) 16 (19.8%) 0.659

Fatigue 10 (6.1%) 5 (6.1%) 5 (6.2%) 0.984

Coughing 79 (48.5%) 35 (42.7%) 44 (54.3%) 0.137

Pharyngalgia 18 (11.0%) 10 (12.2%) 8 (9.9%) 0.637

Nasal congestion 14 (8.6%) 7 (8.5%) 7 (8.6%) 0.981

Chronic comorbidity

Concomitant diseases 145 (89.0%) 72 (87.8%) 73 (90.1%) 0.637

Multi-morbidity 108 (66.3%) 53 (64.6%) 55 (67.9%) 0.659

Hypertension 88 (54.0%) 42 (51.2%) 46 (56.8%) 0.476

Diabetes 37 (22.7%) 16 (19.5%) 21 (25.9%) 0.328

Coronary artery disease 39 (23.9%) 17 (20.7%) 22 (27.2%) 0.336

COPD 13 (8.0%) 8 (9.8%) 5 (6.2%) 0.398

Cerebrovascular disease 37 (22.7%) 19 (23.2%) 18 (22.2%) 0.885

Cancer 18 (11.0%) 8 (9.8%) 9 (12.3%) 0.598

Severity assessment at admission

Mild 90 (55.2%) 46 (56.1%) 44 (54.3%) 0.820

Moderate 73 (44.8%) 36 (43.9%) 37 (45.7%)

Number of COVID-19 vaccine inoculations

0 129 (79.1%) 65 (79.3%) 64 (79.0%) 0.965

1 3 (1.8%) 2 (3.7%) 1 (1.2%)

2 13 (8.0%) 5 (6.1%) 8 (9.9%)

3 17 (10.4%) 9 (11.0%) 8 (9.9%)

Data for age and BMI are presented as median and interquartile range (IQR). Other data are presented as n (%)
BMI body mass index, COPD chronic obstructive pulmonary disease
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tended to be higher in the treatment group than
in the control group (97.6% vs. 91.9%;
p = 0.099) (Fig. 2d).

Furthermore, the effect of Paxlovid oral
administration on the transition from moderate
and mild to severe COVID-19 was emphatically
analyzed. A higher number of patients in the
control group tended to require supportive
treatment than patients in the treatment group,
including high-flow nasal cannula (HFNC),
intensive care unit (ICU), and MV (p = 0.08,
Table 2). One patient in the treatment group
progressed from moderate to severe disease and
was transferred to the ICU for HFNC because of
pneumonia. Four patients in the control group
progressed from moderate to severe disease.
Three of the four cases in the control group
developed severe pneumonia requiring systemic
steroids and MV, and the other required HFNC.
All four patients were transferred to the ICU.
One of the three aforementioned cases

succumbed to acute respiratory distress syn-
drome, which was secondary to severe lung
infection. Therefore, 1 of 82 patients (1.2%) in
the treatment group and 4 of 81 (4.9%) in
control group had moderate to severe disease,
corresponding to a 75.51% relative risk reduc-
tion. Patients in both groups who developed
severe COVID-19 failed to receive COVID-19
vaccine inoculation.

A total of 148 patients completed 3 months
of follow-up, whereas 15 patients were lost to
follow-up. Five patients experienced SARS-CoV-
2 RT-PCR rebound after discharge (3.1%),
including 1 (1.2%) and 4 (4.9%) patients in the
treatment and control groups, respectively
(p = 0.170, Table 3). None of the patients had
completed COVID-19 vaccine inoculations.
Patient 1, who had paralysis and spent a long
time lying in bed, had a long SARS-CoV-2 RT-
PCR rebound time (56 days) after first positive
to negative RT-PCR testing. Patient 2 had

Table 2 Clinical outcomes

Variables Total Treatment group Control group p
N = 163 N = 82 N = 81

Duration of hospitalization 14 (11–17) 13 (10–16) 15 (12–18) 0.004

Viral shedding time from the first positive testing to the

second time of nucleic acid Ct value[ 35 for ORF1ab
and N genes (two consecutive times)

18 (15–21) 16.5 (13–20) 20 (17–22) 0.000

Percentage of the hospital stay time

Day 10 36 (22.1%) 25 (30.5%) 11 (13.6%) 0.009

Day 14 86 (52.8%) 51 (62.2%) 35 (43.2%) 0.015

Day 21 154 (94.5%) 80 (97.6%) 74 (91.9%) 0.099

Antibiotics 11 (6.7%) 5 (6.1%) 6 (7.4%) 0.739

Use of systemic steroids 3 (1.8%) 0 3 (3.7%) 0.080

HFNC 2 (1.2%) 1 (1.2%) 1 (1.2%) 1

ICU during hospitalization 5 (3.1%) 1 (1.2%) 4 (4.9%) 0.170

MV 3 (1.8%) 0 3 (3.7%) 0.080

Death 1 (0.6%) 0 1 (1.2%) 0.314

The duration of hospitalization and viral shedding time are presented as the median and interquartile range (IQR). Other
data are presented as n (%)
HFNC high-flow nasal cannula, ICU intensive care unit, MV mechanical ventilation
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COPD, diabetes, and pneumonia. Patients 3 and
4 were transferred to ICU for MV during hos-
pitalization due to respiratory failure caused by
pulmonary infection. Patient 5 had coronary
heart disease and psychiatric illness, but was
admitted with lung infection, fever, and high
viral load of SARS-CoV-2. The result of SARS-
CoV-2 RT-PCR in the patients experiencing

rebound quickly turned negative again within
5 days.

Safety Evaluation

Paxlovid treatment was well tolerated by elderly
patients, and there were no early discontinua-
tions due to adverse effects. Paxlovid treatment
was associated with few, mainly low-grade,
adverse events (Table 4). Serious adverse events
were not observed. The incidence of adverse
events during the treatment period was 14.6%.

Only 31 patients underwent re-examination
of laboratory tests in the treatment group, but
there were no significant differences in the
laboratory parameters between pre-treatment
and post-treatment (p[0.05, Table 5). These
parameters included leukocyte count, hemo-
globin, lymphocyte count, platelet count,
albumin, globulin, alanine aminotransferase
(ALT), aspartate aminotransferase (AST), lactate
dehydrogenase, serum creatinine, glomerular
filtration rate (GFR), coagulation function, and
C-reactive protein.

Multivariate Analysis of Hospitalization
Within 14 days

To analyze the independent high-risk factors for
COVID-19 progression in elderly patients,
stepwise multivariate Cox regression analysis
was performed for hospitalization time. Hospi-
talization days were set as the time variable, and
hospitalization days within 14 days (0 = no,
1 = yes) were set as the status. Univariate Cox
regression analysis was performed before the
stepwise multivariate analysis. Variables that
were significant (p\ 0.10) in the univariate Cox
regression analysis were set as independent
variables. The significant variables in the uni-
variate analysis were as follows: Paxlovid ther-
apy, age, serum creatinine, prothrombin time,
hemoglobin, GFR, and nucleic acid Ct at
admission. Serum creatinine, prothrombin
time, and GFR were eliminated to avoid the
influence of confounders. Stepwise multivariate
Cox regression analysis showed that the model
was significant (p\0.001, Table 6). The signifi-
cant factors were as follows: Paxlovid therapy

Fig. 2 The major clinical outcomes of Paxlovid treatment
in elderly patients. a Hospitalization time, data are
presented as the median and interquartile range (IQR).
b Viral shedding time, data are presented as the median
and IQR. c Percentage of hospital stay time within 14 days
and d percentage of hospital stay time within 21 days are
compared between the treatment and control groups

Fig. 3 Survival curves for the duration until discharge for
both groups. HR hazard ratio, CI cumulative index
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(hazard ratio [HR] 1.814, 95% confidence
interval [CI] 1.174–2.804), age (HR 0.964,
95% CI 0.943–0.985), hemoglobin level (HR
1.026, 95% CI 1.012–1.040), and nucleic acid Ct
at admission (HR 1.114, 95% CI 1.069–1.160).
Thus, the results showed that Paxlovid therapy,

age, hemoglobin, and nucleic acid Ct at
admission were independent factors that deter-
mined hospitalization within 14 days after
adjusting for other confounding factors.

DISCUSSION

Elderly patients are the most affected and vul-
nerable to COVID-19, especially to the omicron
variant in Shanghai; therefore, effective thera-
peutic interventions are urgently required [23].
In the present study, we analyzed the outcomes
and safety of Paxlovid in elderly patients aged
over 60 years with mild or moderate COVID-19.
The hospitalization time and viral shedding
time were significantly reduced by Paxlovid
treatment for 5 days. Furthermore, we demon-
strated the relative safety of Paxlovid for the
treatment of elderly patients with multiple
chronic diseases.

Symptoms in elderly patients with SARS-
CoV-2 infection are often atypical. Patients in
the early period of infection display less severe
and nonspecific manifestations, lacking enough
geriatric care; however, these symptoms pro-
gress rapidly during the medium and later
periods, leading to a high risk of ICU transfer
with MV [24]. To reduce the risk of transition to
severe COVID-19 and mortality, the US Food
and Drug Administration (FDA) approved the
emergency use of Paxlovid for patients with
mild and moderate COVID-19, and the drug
was urgently introduced into Shanghai in
March 2022. Paxlovid is reported to reduce the
transition risk by 88% in the EPIC-HR trial and
46% in a real-world study [13]. In contrast, we
observed a 75.51% reduction in risk in the pre-
sent study. Compared to patients’ mean age of
46 and 54 years in these two studies, the mean
age of patients in the present study was
80 years. The differences in age distributions,
related chronic diseases, vaccination rates,
study designs, and SARS-CoV-2 variants may
have contributed to the inconsistency between
these studies. In a previous study related to the
effect of paxlovid on the elderly patients with
mean 76.37 years old who were infected with
SARS-CoV-2 omicron variants, the nucleic acid
shedding time was significantly reduced [25],

Table 3 SARS-CoV-2 RT-PCR rebound

First positive
to negative
RT-PCR

Negative
RT-PCR to
rebound

Rebound:
positive to
negative RT-
PCR

Treatment group

Patient

1

12 days 56 days 3 days

Control group

Patient

2

26 days 3 days 2 days

Patient

3

35 days 16 days 5 days

Patient

4

19 days 1 days 2 days

Patient

5

25 days 60 days 1 days

Table 4 Adverse events during paxlovid treatment

Adverse events Receiving Paxlovid
therapy

Abdominal pain 1 (1.21%)

Nausea 1 (1.21%)

Vomiting 1 (1.21%)

Diarrhea 2 (2.44%)

Dry mouth 1 (1.21%)

Decreased appetite 2 (2.44%)

Taste perversion 4 (4.90%)

Other 0

Incidence of drug withdrawal due to

adverse events

0

Data are presented as n (%)
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Table 5 Laboratory parameters following therapy

Variables Paxlovid therapy (N = 31) p

Before therapy After therapy

Blood routine

White blood cell count, 9 109/L 5.6 (3.9–6.4) 6.2 (5.2–7.4) 0.190

Hemoglobin (g/L) 119 (105–128) 121 (100–129) 0.658

Lymphocyte count, 9 109/L 1.2 (0.8–1.8) 1.2 (0.8–1.8) 0.778

Platelet count, 9 109/L 195 (158–252) 226 (180–251) 0.342

Blood biochemistry

ALT, U/L 16.8 (10.0–24.9) 15.0 (12.0–23.6) 0.678

AST, U/L 23.0 (17.9–32.0) 21.0 (16.0–29.0) 0.176

Albumin, g/L 37.0 (34.0–39.0) 36.0 (34.0–39.2) 0.631

Globulin, g/L 26.0 (23.7–30.0) 26.0 (23.5–29.0) 0.637

Lactate dehydrogenase, U/L 216 (185–251) 230 (183–261) 0.506

Serum creatinine, lmol/L 83 (68–115) 83 (64–105) 0.805

GFR, mL/min 81.7 (53.4–98.5) 81.6 (58.3–98.4) 0.656

C-reactive protein, mg/L 8.00 (3.90–26.10) 12.01 (4.00–29.80) 0.921

Coagulation function

Prothrombin time, s 11.8 (11.2–12.7) 12.0 (11.2–12.9) 0.938

aPTT, s 30.0 (27.7–32.8) 28.5 (26.1–31.0) 0.163

D-dimer, ng/mL 0.7 (0.3–1.3) 0.8 (0.5–1.5) 0.291

Data are presented as median and interquartile range (IQR)
ALT alanine aminotransferase, AST aspartate aminotransferase, GFR glomerular filtration rate, aPTT activated partial
thromboplastin clotting time

Table 6 Risk factors associated with hospitalization within 14 days

Factors Partial regression
coefficient

Standard
error

Wald
test

p HR 95% CI

Paxlovid therapy 0.596 0.222 7.199 0.007 1.814 1.174–2.804

Age - 0.037 0.011 10.804 0.001 0.964 0.943–0.985

Hemoglobin 0.026 0.007 13.631 \ 0.001 1.026 1.012–1.040

Nucleic acid Ct at admission 0.108 0.021 26.7 \ 0.001 1.114 1.069–1.160

HR hazard ratio, CI confidence interval
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which is consistent with the result of our
research. Meanwhile we also found that the
nucleic acid Ct value at admission was low in
the elderly patients. High viral load can lead to
more severe inflammation and immune
response, longer viral shedding time, and longer
hospital stay, which may be associated with
mental health and severe clinical outcomes, so
early intervention and monitoring of nucleic
acid Ct value during the SARS-CoV-2 infection
were required in the elderly patients [26, 27].

Elderly patients are generally more suscepti-
ble to the adverse effects of drug treatment than
younger adults. However, the response of
elderly patients to Paxlovid therapy remained
unclear. The incidence of Paxlovid-related
adverse events was higher in the current study
(14.6%) than in the EPIC-HR trial (7.8%) [12].
Moreover, patients’ age was the main factor
accounting for the differences between the two
groups. With advancing age, the self-recovery
capacity, immunologic function, biological
processes, drug distribution, metabolism, and
pharmacodynamic responses of aged organs
change drastically compared with younger
organs, leading to an increase in adverse events
[28, 29]. Furthermore, in the current study,
89.0% of patients had one or more concomitant
diseases, and 66.3% had more than two con-
comitant diseases, increasing their susceptibility
to adverse events [30]. In addition, elderly
patients who were isolated in specific wards
lacked sufficient support from caregivers and
geriatric care, and this may have exacerbated
the increase in adverse events. However, there
were no serious adverse events to cause the
discontinuation of Paxlovid. The most frequent
adverse events were diarrhea and decreased
appetite, followed by dry mouth, vomiting,
abdominal pain, and nausea.

As elderly patients have multiple basic dis-
orders, confounders may influence the outcome
of Paxlovid therapy. In the current study, we
identified Paxlovid therapy, age, hemoglobin
levels, and nucleic acid Ct at admission as
independent risk factors predicting hospitaliza-
tion duration within 12 days, further demon-
strating the role of Paxlovid in reducing
hospitalization duration. In comparison, several
other risk factors have been reported, including

comorbidity, old age, low lymphocyte count,
and high lactate dehydrogenase level in 208
patients enrolled in a previous study [31].
Additionally, several recent studies have
demonstrated that immunocompromised con-
dition, oxygen saturation, respiratory rate,
lymphocyte count, and CT manifestations are
also predictors [18, 32].

Recently, the COVID-19 rebound of symp-
toms and RT-PCR after Paxlovid treatment has
drawn wide public attention [33–37]. In a
cohort study of 483 patients with a median age
of 63 years old, 0.8% of patients experienced
rebound of symptoms after Paxlovid treatment
[33]. In the present, we found that one patient
(1.2%) in the Paxlovid treatment group experi-
enced SARS-CoV-2 RT-PCR rebound after dis-
charge, which is higher than the reported data.
The different characteristics of the enrolled
patients might account for the differences of
morbidity. Interestingly, the rebound rate of
patients (4.9%) in the control group was higher
that in the treatment group (1.2%). Actually, it
has been reported that it is common for the
SARS-CoV-2 to return in patients without Pax-
lovid treatment [34].

The present study has several limitations.
First, the sample size was small as we enrolled
only 163 patients and this may have under-
mined the accuracy of the conclusion. Second,
owing to the sudden outbreak of COVID-19 in
Shanghai, a case–control study should have
been designed. In the future, randomized con-
trolled trials should be performed. Third, the
difficulty in entering the isolated wards at any
time may have affected the observations of
patient behaviors. In addition, further safety
follow-up may be required to enhance the
quality of the research. The recent reported
COVID-19 rebound after Paxlovid treatment
has been observed in the present study; how-
ever, the present follow-up time was relative
short [17].

CONCLUSION

This real-world study reveals that Paxlovid
holds promise in combating the COVID-19
pandemic with adequate safety, especially in
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vulnerable elderly patients with chronic
diseases.
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