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Background: Nirmatrelvir-ritonavir, also known as paxlovid, is a widely used antiviral drug against coronavirus disease 2019
(COVID-19). Azvudine, a drug previously used to treat human immunodeficiency virus-1, has also been used to treat COVID-19 in
China. However, only a few clinical studies have evaluated the effects of azvudine. Additionally, studies comparing nirmatrelvir-
ritonavir with azvudine have been limited in number.

Methods: We carried out a retrospective case—control analysis at the Third People’s Hospital of the Tibet Autonomous Region.
Eighty-two eligible patients with COVID-19 who received azvudine treatment were included. A total of 145 control patients who
received nirmatrelvir-ritonavir treatment were selected by propensity score matching for age, sex, the severity of disease, and initial
cycle threshold values. A comparison of the nucleic acid test negative conversion time, the length of hospitalization, and mortality rate
was conducted.

Results: Overall, the mean nucleic acid test negative conversion time was comparable between the nirmatrelvir-ritonavir and azvudine
groups (7.0 [11.0, 15.0] vs 9.0 [6.0, 12.0] days, P=0.064). However, for patients with mild COVID-19, the nucleic acid test negative
conversion time was significantly shorter in the nirmatrelvir-ritonavir group than in the azvudine group (6.0 [5.0, 8.0] vs 8.0 [6.0, 11.0]
days, P=0.029). The nirmatrelvir-ritonavir group and the azvudine group did not differ significantly in length of hospitalization (8.0
[5.5,10.5] vs 8.0 [5.0,10.0] days, P=0.378). Regarding the mortality rate, there were 4 (2.8%) deaths in the nirmatrelvir-ritonavir group
and 3 (3.7%) in the azvudine group (P=0.706).

Conclusion: Azvudine is generally as effective as nirmatrelvir-ritonavir, but for patients with mild COVID-19, nirmatrelvir-ritonavir
could suppress the virus more rapidly. For those who cannot be treated with nirmatrelvir-ritonavir, azvudine might be an effective
therapy for COVID-19.
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Introduction

Globally, coronavirus disease 2019 (COVID-19) continues to cause public health concerns, resulting in millions of
deaths.! The spread of COVID-19 has not yet been completely controlled. From 5 June to 2 July 2023, over885000new
cases and over 4900 deaths were still reported worldly.”> With the emergence of novel and evolving SARS-CoV-2
variants, new vaccines and drugs are needed.” Nirmatrelvir-ritonavir was granted Emergency Use Authorization for
COVID-19 patients in December 2021 to fight the disease.* Currently, many studies have indicated nirmatrelvir-ritonavir
could reduce the risk of disease progression to severe COVID-19, the viral clearance time, and the length of
hospitalization.”® Nevertheless, a few practical points still need to be noted regarding real world application of this
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drug. Despite being given as a short treatment course, drug—drug interactions cause the most concern.” Moreover, $530
for a 5-day session may not be affordable for all patients.® Consequently, the development of novel small molecule
antiviral drugs is urgently required.’”

China experienced a COVID-19 outbreak in 2022, and the Omicron variant strain BA 2.76 was first detected in Tibet
in August. Azvudine, as a conditionally approved drug to treat adult human immunodeficiency virus-1 patients with high
viral loads, was authorized for the treatment of patients with COVID-19 on July 25, 2022.'%'" Experiments with
monkeys demonstrated that azvudine could inhibit SARS-CoV-2 replication and that it had notable therapeutic efficacy
in treating COVID-19.'> However, limited clinical trials have evaluated the effectiveness of azvudine in patients with
COVID-19, and studies comparing the efficacy of nirmatrelvir-ritonavir and azvudine are also rare.

The objective of this study was to compare the efficacy of azvudine and nirmatrelvir-ritonavir in treating COVID-19
using a retrospective, propensity-matched analysis.

Methods
Study Population

This was a retrospective case—control study performed at the Third People’s Hospital of the Tibet Autonomous Region
(Lhasa, Tibet). We identified 731 patients with COVID-19 at the hospital between August 1, 2022 and September 30,
2022. Nasopharyngeal specimens were analyzed using real-time polymerase chain reaction (RT-PCR) to diagnose
SARS-CoV-2 infection.

Patients treated with only nirmatrelvir-ritonavir or azvudine as an antiviral agent were included in this study. The
following were the exclusion criteria: 1) receiving other antiviral drugs; 2) an asymptomatic infection without any
antiviral treatment; 3) age under 18 years; 4) pregnancy or lactation; 5) receiving nirmatrelvir-ritonavir or azvudine with
an initial cycle threshold (Ct) value >35; and 6) transfer to another hospital or lack of data.

Furthermore, we matched patients in the nirmatrelvir-ritonavir and azvudine groups by propensity score matching
(PSM) based on age, sex, the severity of disease, and initial Ct values. For each azvudine user, we selected the control
with the closest propensity score (within 0.2 SD), and we paired them at a ratio of 1:2. As a result, the number of
matching pairs determined the sample size.

The study was conducted in compliance with the principles of the Declaration of Helsinki and was approved by the
ethical committee of the Third People’s Hospital of the Tibet Autonomous Region (ME-TBHP-23-03). All patients in the
retrospective cohort study were anonymous, and the individual informed consent was not required. The Third People’s
Hospital of the Tibet Autonomous Region specifically waived the requirement for informed consent.

Data Collection
The following baseline characteristics were assessed: age, sex, mean arterial pressure, body mass index, oxygen
saturation, leukocyte count, lymphocyte count, and Ct value. Information about the previous history of chronic disease,
vaccination status, number of vaccine doses administered, and COVID-19 infection-related symptoms were also
individually collected at baseline. “Baseline” was defined as the date of admission. COVID-19 severity status was
classified as mild, common, severe, and critical according to the Chinese Diagnosis and Treatment Protocol for COVID-
19 (Version 9)' and the National Institutes of Health and expert consensus on the diagnosis and treatment of critically ill
patients with COVID-19 at high altitudes in China.'* Mild symptoms without pneumonia on imaging were considered
mild COVID-19. Clinical symptoms, pneumonia on computed tomography, and peripheral capillary oxygen saturation
(SpO,) of >85% when breathing at rest were defined as common COVID-19. Pneumonia, SpO, <85% when breathing air
at rest, or arterial blood partial pressure of oxygen/fraction of breathed oxygen <192 mmHg was characterized as severe
COVID-19. Shock or the requirement for mechanical ventilation was considered critical COVID-19."*'4

All assays were performed at the Department of Clinical Laboratory of the Third People’s Hospital of the Tibet
Autonomous Region using standard methods.
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Treatment
In the nirmatrelvir-ritonavir group, 300 mg of nirmatrelvir and 100 mg of ritonavir were administered every 12 hours for
5 days. In the azvudine group, 5 mg whole azvudine tablets were swallowed once every 24 hours for 7 days.'>'* In

addition to antiviral therapy, all patients received routine treatment according to the guidelines and expert consensus for
COVID-19.">'*

Study Outcomes

The primary outcome was nucleic acid test negative conversion time, characterized as two consecutive days of negative
RT-PCR results (Ct value >35 for ORFlab and N genes). The secondary outcomes included the length of hospitalization
and death. Negative nucleic acid test conversion and disease improvement were the criteria for discharge from the
hospital.

Statistical Analysis

Data are presented as numerical values, mean + standard deviation, or median (interquartile range). The Mann—Whitney
U-test or the t-test was used to analyze continuous variables. The chi-square test was applied to categorical variables to
compare differences between the two categories. We treated all missing information as missing data without imputed
values. IBM SPSS Statistics for Windows, version 27 (IBM Corp., Armonk, N.Y., USA) was used to perform all
analyses. A two-tailed P-value of <0.05 between the two groups was considered statistically significant.

Results

Baseline Characteristics
A total of 82 eligible patients with COVID-19 who received azvudine treatment were included in this study. A total of
145 controls who received nirmatrelvir-ritonavir treatment were selected by PSM for age, sex, the severity of disease, and
initial Ct values (Figure 1). The baseline characteristics of the two groups are shown in Table 1. No significant
differences in age, sex, Ct values, vaccination status, or symptoms before treatment were observed. Leukocyte levels
were not significantly different in the nirmatrelvir-ritonavir and azvudine groups (4.8 [4.0,6.3] x 10°/L vs 5.0 [4.0,6.1] x
10°/L, P=0.933), but lymphocyte levels were significantly lower in the nirmatrelvir-ritonavir group (1.3 [0.9,1.6] x 10°/L
vs 1.6 [1.2,2.1] x 10°/L, P=0.001). Oxygen saturation was lower in both groups with 88.0 [85.0, 90.0] % in the
nirmatrelvir-ritonavir group and 89.0 [86.0, 91.0] % in the azvudine group (P=0.029).

In addition, we divided the patients into three groups based on the severity of disease: mild, common, and severe/
critical. The detailed characteristics of these groups are shown in Supplementary Tables 1-3. Statistically, there were no

significant differences in age, sex, Ct value, or vaccination status between the groups; however, the nirmatrelvir-ritonavir
group had lower lymphocyte counts than the azvudine group.

Outcomes

The primary and secondary outcomes are summarized in Table 2. In total, the mean SARS-CoV-2 negative conversion
time was 7.0 [11.0, 15.0] days in the nirmatrelvir-ritonavir group and 9.0 [6.0, 12.0] days in the azvudine group. There
was no significant difference between the two groups (P=0.064). However, compared with azvudine, the nirmatrelvir-
ritonavir group had a significantly shorter SARS-CoV-2 negative conversion time for patients with mild COVID-19 (6.0
[5.0, 8.0] vs 8.0 [6.0, 11.0] days, P=0.029).

The nirmatrelvir-ritonavir group and azvudine group exhibited no statistically significant difference in the length of
hospitalization (8.0 [5.5,10.5] vs 8.0 [5.0,10.0] days, P=0.378). In addition, no significant difference was found in the
length of hospitalization for patients with different disease severities.

Regarding the mortality rate, there were four (2.8%) deaths in the nirmatrelvir-ritonavir group, mainly in patients with
severe and critical COVID-19, and three (3.7%) deaths in the azvudine group. This difference was not statistically
significant (P=0.706).
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Patients with COVID-19 at Third People’s Hospital of Tibet Autonomous Region
between August 1, 2022, and September 30, 2022 (n=731)

Inclusion:

Patients treated with only nirmatrelvir-ritonavir or
azvudine as an antiviral agent.

Exclusion:

Received other antivirals drug (n=190)

An asymptomatic infection without any antiviral treatment
(n=91)

Age under 18 (n=52)

Pregnancy or lactation (n=12)

With initial Ct value >35 (n=17)

Transfer to another hospital or lack of data (n=27)

A
Eligible patients (n=342)

A 4

Azvudine (n=87) Nirmatrelvir-Ritonavir (n=255)

Propensity Score
Matching 1:2

\ 4 A4 v
Mild Common Severe and critical
Azvudine (n=35) Azvudine (n=42) Azvudine (n=5)
Nirmatrelvir-Ritonavir (n=55) Nirmatrelvir-Ritonavir (n=80) Nirmatrelvir-Ritonavir (n=10)

Figure | Study recruitment/inclusion flowchart.

Discussion

In the current study, we compared the antiviral effect of azvudine in patients with COVID-19 with matched historical
controls who received nirmatrelvir-ritonavir. In general, the mean nucleic acid test negative conversion time was
comparable between the nirmatrelvir-ritonavir and azvudine groups, but nirmatrelvir-ritonavir could suppress the virus
more rapidly in patients with mild COVID-19. The length of hospitalization and mortality rate between the two groups
were not significantly different. These findings suggest that azvudine might be an effective treatment for COVID-19
among patients who cannot receive nirmatrelvir-ritonavir.

RNA-dependent RNA polymerase (RdRp) and main protease (Mpro) are essential for viral replication by SARS CoV-
2.'5 Azvudine is a nucleoside analogue that inhibits human immunodeficiency virus-1 RdRp.'" It appears to be
a relatively inexpensive (US $40 per course) and effective treatment.'® A small-sample randomized controlled clinical
trial was conducted in China, and the results showed that azvudine could shorten the nucleic acid negative conversion
time and help patients who have received other treatment regimens recover faster.'” Another study of 281 patients also
confirmed that azvudine could shorten the time to nucleic acid conversion and the time to second negative nucleic acid
conversion (6.7 days vs 9.40 days).'® Based on these results, azvudine is more effective than a placebo. However, few
studies have compared the efficacy of nirmatrelvir-ritonavir to that of azvudine. The results from a single-center
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Table | Baseline Characteristics of Enrolled Patients After Propensity Score Matching

Nirmatrelvir-Ritonavir Azvudine P value
(n=145) (n=82)

Age 51.0[37.0,63.0] 46.5[37.0,63.5] 0.348
Sex (Male/Female) 66/79 39/43 0.767
MAP (mmHg) 91.7[85.0,100.0] 95.8[89.3,103.8] 0.027
BMI (kg/m?) 23.8+4.2 23.5+5.0 0.440
Clinical classification

Mild 55(37.9%) 35(42.7%) 0.778

Common 80(55.2%) 42(51.2%)

Severe and critical 10(6.9%) 5(6.1%)
Oxygen saturation (%) 88.0[85.0,90.0] 89.0[86.0,91.0] 0.029
Leukocyte (¥10°/L) 4.8[4.0,6.3] 5.0[4.0,6.1] 0.933
Lymphocyte (*10°/L) 1.3[0.9,1.6] 1.6[1.2,2.1] 0.001
Ct value of nucleic acid N gene 28.4[24.4,31.1] 28.2[25.1,32.6] 0.730
Ct value of nucleic acid O gene 27.0[22.8,30.1] 26.3[22.6,29.9] 0.534
Covid-19 vaccine doses 0.760
0 27(18.6%) 18(22.0%)
| 5(3.4%) 2(2.4%)
2 22(15.2%) 9(11.0%)
3 91(62.8%) 53(64.6%)
Hypertension (n, %) 28(19.3%) 19(23.2%) 0.490
Diabetes (n, %) 9(6.2%) 5(6.1%) 0.974
Cardiovascular disease (n, %) 20(13.8%) 5(6.1%) 0.075
Prior malignancy (n, %) 7(4.8%) 2(2.4%) 0.376
Other chronic disease (n, %) 23(15.9%) 23(28.1%) 0.028
Symptoms (n, %)
Fever 34(23.4%) 14(17.1%) 0.259
Cough 82(56.6%) 61(74.40%) 0.007
Fatigue and myalgia 36(24.8%) 20(25.0%) 0.941
Nasal congestion 8(5.5%) 1(1.2%) 0.109
Pharyngodinia 29(20.0%) 18(22.0%) 0.727
Dyspnoea 13(9.0%) 4(4.9%) 0.261
Anosmia 2(1.4%) 2(2.4%) 0.560

Notes: Other chronic diseases included a history of pulmonary diseases, liver diseases and kidney diseases.
Abbreviations: MAP, mean arterial pressure; BMI, body mass index.

retrospective study in Beijing showed that nirmatrelvir-ritonavir could suppress the virus faster at the initial stage of
hospitalization and had a shorter nucleic acid test negative conversion time than azvudine (days, 5.8 [95% CI, 4.7-7.4] vs
10.0 [95% CI, 8.2—11.7])."° In our study, the mean SARS-CoV-2 negative conversion time was comparable between the
nirmatrelvir-ritonavir and azvudine groups (7.0[11.0,15.0] vs 9.0[6.0,12.0] days). However, when we grouped the
patients according to the severity of the disease the nirmatrelvir-ritonavir group had a shorter negative conversion
time in patients with mild COVID-19 (6.0 [5.0, 8.0] vs 8.0 [6.0, 11.0] days, P=0.029). Unfortunately, we do not know the
percentage of patients with mild infection in Gao et al’s study.

Another noteworthy point was that our research was carried out at an average altitude of 3500 m in Lhasa. Previous
studies have shown that the infection and mortality rates in high-altitude areas were decreased when compared with low-
altitude areas.”*?' This may be related to the lower expression level of angiotensin-converting enzyme 2 in high-altitude
areas, which is a key entry receptor for SARS-CoV-2 in mediating acute lung injury and other organ injuries.*** In
addition, our patients had a lower SPO, at baseline than those in Gao et al’s study, which may be attributable to long-term
high-altitude living and not to COVID-19."” Consequently, the evaluation of patients with severe COVID-19 in our study
may be affected. Therefore, we adopted the classification standards for plateaus based on Chinese guidelines and expert
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Table 2 Primary and Secondary Outcomes in the Nirmatrelvir-Ritonavir and Azvudine Groups

Nirmatrelvir-Ritonavir | Azovudine P value

Mild COVID-19 (n) 55 35

SARS-Cov-2 negative conversion (days) | 6.0[5.0,8.0] 8.0[6.0,11.0] 0.029

Length of hospital stay (days) 8.0[6.0,10.0] 8.0[5.0,10.0] 0.575

Death (n, %) 0 | (2.8%) 0.207
Common COVID-19 (n) 80 42

SARS-Cov-2 negative conversion (days) | 8.0[6.0,12.0] 10.5[6.0,13.0] | 0.441

Length of hospital stay (days) 7.0[5.0,10.0] 8.0[4.0,10.7] 0.512

Death (n, %) 1(1.3%) 2 (4.8%) 0.234
Severe and critical COVID-19 (n) 10 5

SARS-Cov-2 negative conversion (days) | 7.0[5.5,9.5] 13.0[4.0,15.5] | 0.606

Length of hospital stay (days) 11.0[8.0,15.0] 8.0[7.0,12.0] 0.268

Death (n, %) 3 (30%) 0 0.171
Total (n) 145 82

SARS-Cov-2 negative conversion (days) | 7.0[11.0,15.0] 9.0[6.0,12.0] 0.064

Length of hospital stay (days) 8.0[5.5,10.5] 8.0[5.0,10.0] 0.378

Death (n, %) 4 (2.8%) 3 (3.7%) 0.706

consensus, and SpO, <85% was characterized as severe COVID-19."*!* Ct values were also associated with disease
severity and progression.** Patients with severe and critical COVID-19 in our study had mean Ct values of approximately

25 (Supplementary Table 3), and the outcomes were similar for both groups. Overall, azvudine appears to play a role similar

to that of nirmatrelvir-ritonavir among patients with severe infections. Interestingly, a recent study form Xiangya Hospital
also suggested that azvudine might have a stronger protective effect on patients with severe COVID-19 who were not
recommended to use nirmatrelvir-ritonavir and molnupiravir.>> More studies are needed to confirm these findings.

Compared to nirmatrelvir-ritonavir, azvudine has a different mechanism of antiviral action. The 4’-azide group of
azvudine plays an important role in inhibiting SARS-CoV-2 RNA replication through intramolecular hydrogen bonds
with the 3’-hydroxyl group, thereby reducing the nucleophilicity of the 3’-hydroxyl group.'® Further, after being
phosphorylated in host cells, it is embedded into viral RNA during synthesis, thereby terminating RNA replication.'!
Azvudine can also be concentrated largely in the thymus in its active form, inhibiting SARS-CoV-2 replication efficiently
in vivo, preserving the immune function of the thymus, and rapidly curing patients with COVID-19.'? As the mechanism
of action of azvudine is based on in vitro studies, further research is needed to elucidate its possible mechanisms against
SARS-CoV-2 in patients.

There are several limitations to be considered in this study. First, although we matched the baseline data by PSM, this
was a single-center retrospective study, making selection bias inevitable Moreover, owing to economic issues in Tibet,
not all patients with a positive nucleic acid test were immediately admitted to the hospital, making it impossible to track
and report changes in Ct values. In some patients, antiviral drugs were not taken at the onset of COVID-19, which may
have affected the results. It is necessary to conduct randomized controlled trials in the future to verify these results.

Conclusions
The antiviral effect was comparable between the nirmatrelvir-ritonavir and azvudine groups, but nirmatrelvir-ritonavir
could suppress the virus more rapidly in patients with mild COVID-19. These findings suggest that azvudine might be an

effective treatment for COVID-19 in patients who cannot receive nirmatrelvir-ritonavir.

Data Sharing Statement

The data that support the findings of this study are available upon reasonable request from the corresponding author.
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Region specifically waived the requirement for informed consent.
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