Efficacy of Nirmatrelvir-Ritonavir versus Azvudine for COVID-19 treatment in Tibet: A retrospective study 
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Abstract
Background: No study has directly compared the efficacy of nirmatrelvir-ritonavir and azvudine for   treatment. The efficacy of these two drugs at high altitudes was compared.
Materials and Methods: This was a retrospective cohort research on hospitalized patients with COVID-19 who were treated with nirmatrelvir-ritonavir or azvudine in Tibet between August 1 and September 30, 2022. 
Results: The electronic health data of 731 patients were retrospectively reviewed. Nirmatrelvir-ritonavir and azvudine groups enrolled 338 and 147 patients, respectively. Among patients with mild, common, and severe (including critical) COVID-19, there was no difference in the median duration of hospitalization between treatment with nirmatrelvir-ritonavir and that with azvudine: 8 (5–10.25) vs. 9 (5–13) (P=0.096); 8 (5–11) vs. 8 (5–13) (P=0.227); and 13 (7–17.75) vs. 10 (7.5–17.5) (P=0.994) days, respectively. Moreover, patients in the nirmatrelvir-ritonavir group had a shorter median time for nuclear acid negative conversions (NANC) than those in azvudine group: 6 (4–9) vs. 10 (6.25–13.75) (P=0.000), 8 (5–12) vs. 10.5 (7–14) (P=0.013), and 7 (5.25–12.75) vs. 15 (7.5–23.5) (p=0.023) days, respectively.
Conclusion: Azvudine yielded a longer time for NANC and an equivalent duration of hospitalization and may have comparable efficacy with nirmatrelvir-ritonavir, making it a viable treatment option for COVID-19.
Keywords: Nirmatrelvir-Ritonavir, Azvudine, COVID-19, high altitude

Introduction
[bookmark: OLE_LINK4]In December 2019, severe acute respiratory syndrome coronavirus 2 (SARS CoV-2) was first detected in Wuhan, China. It is an RNA virus, and its transmission has brought a heavy burden to the global health system, leading to the 2019 coronavirus disease (COVID-19) pandemic. As of December 11, 2022, 664 million confirmed cases and 6.7 million deaths were documented globally.1 The spread of COVID-19 has not yet been completely controlled. Great progress has been made in COVID-19-related research, and many antiviral drugs have shown promising therapeutic effects on COVID-19. SARS CoV-2 is a positive-strand RNA virus measuring approximately 30 kb in size and containing 14 open reading frames (ORFs). Among them, 5'-ORF-1a/1b comprised 67% of the SARS CoV-2 genome, 5'-ORF (ORF1a/b) encoded 16 non-structural proteins including RNA-dependent RNA polymerase (RdRp) and main proteinase (Mpro), which are essential for viral replication. Among the currently marketed COVID-19 therapeutic drugs, small-molecule drugs targeting RdRp include azvudine, molnupiravir, and remdesivir, whereas small-molecule drugs targeting Mpro include nirmatrelvir-ritonavir.2 
[bookmark: OLE_LINK5][bookmark: OLE_LINK14][bookmark: OLE_LINK6][bookmark: OLE_LINK15][bookmark: OLE_LINK10]Azvudine was conditionally approved to treat adult HIV-1 patients with high viral loads.3 Azvudine targets the inhibition of reverse transcriptase, targeting the two viruses with similar mechanisms. On July 25, 2022, the National Medical Products Administration conditionally approved azvudine for the treatment of common COVID-19.4 Remdesivir is an intravenous injection that inhibits the RdRp of SARS-CoV-2. The benefits of remdesivir for the treatment of COVID-19 are still being debated. According to a meta-analysis, remdesivir is likely to reduce mortality in COVID-19 patients requiring supplementary oxygen who are nonventilated.5 The National Institutes of Health and Influential Diseases Society of America suggest that nonventilated patients be administered remdesivir for the treatment of COVID-19.6,7 Remdesivir may play a role in the early phase of viral replication, thereby slowing disease progression.8 Molnupiravir is another virus RdRp inhibitor. It was initially designed to suppress the reproduction of various RNA viruses, including influenza. Molnupiravir was shown to accelerate SARS CoV-2 RNA clearance and eliminate infectious viruses in patients with COVID-19 during the phase 2a clinical trial.9 Within five days of symptom onset, molnupiravir decreased the rate of hospitalization by 30% compared to the placebo group. The study included non-hospitalized adults with mild-to-moderate COVID-19 concomitant with at least one risk factor for severe disease that may be also associated with inducing human DNA mutations and accelerating the emergence of new virus mutations.10 Nirmatrelvir is an oral active 3C like protein inhibitor, while Ritonavir inhibits proteases, helping nirmatrelvir remain stable in vivo under higher concentrations.11,12 Nirmatrelvir-ritonavir for symptomatic COVID-19 reportedly decreased the risk of progression to severe COVID-19 by 89% without any evident safety concerns compared to placebo treatment.13 
However, remdesivir must be administered intravenously, which restricts its use. Molnupiravir has had a late clinical launch. Nirmatrelvir-ritonavir and azvudine are widely used in China. There have been no direct comparisons between the effectiveness and safety of these two drugs. This retrospective cohort analysis of patients with COVID-19 identified between August and September 2022 during the outbreak of the Omicron variant in Tibet, China aimed to investigate the efficacy of nirmatrelvir-ritonavir compared to that of azvudine in treating COVID-19 in real-world settings. The average altitude of Lhasa is 3650 m. Previous studies have shown that, compared with low-altitude areas, the infection and mortality rates in high-altitude areas of Tibet, Peru, and Ecuador are lower.14,15 The average infection rate of COVID-19 in the United States decreases by 12% every 495 m above sea level, with the infection rate reportedly not being associated with population density.16 
Methods
Study design
[bookmark: OLE_LINK2]This was a retrospective cohort research of patients hospitalized for COVID-19 in the Third People’s Hospital of the Tibet Autonomous Region (Lhasa, Tibet). Between August 1 and September 30, 2022, patients were administered nirmatrelvir-ritonavir or azvudine. The ethical committee of the Third People's Hospital of the Tibet Autonomous Region authorized this study. As a result of the retroactive nature of this study, the requirement that participants provide their informed permission was waived.
Data sources and study population
According to the national policy of China, the Third People's Hospital of the Tibet Autonomous Region is the designated hospital for COVID-19 in Lhasa. The electronic health records of the Third People's Hospital of the Tibet Autonomous Region from August 1 and September 30, 2022 was retrospectively searched. The following were the criteria for inclusion:1) patients aged ≥18 years, regardless of gender; 2) SARS-CoV2 nucleic acid was detected in samples from the upper respiratory tract using a reverse transcription polymerase chain reaction (RT-PCR) technique; and 3) confirmation of mild, common, and severe (including critical) COVID‐19 based on the diagnostic criteria of 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 COVID-19 was defined as the presence of mild clinical symptoms with no evidence of pneumonia on imaging. Clinical manifestations of COVID-19 included clinical manifestations, pneumonia visible on computed tomography (CT), and peripheral capillary oxygen saturation (SpO2) ≥85% when breathing at rest. Severe COVID-19 was defined as pneumonia, an SpO2 ≤85% when breathing air at rest, or arterial blood partial pressure of oxygen/fraction of inhaled oxygen ≤192 mmHg. Shock or the requirement for mechanical ventilation were considered critical COVID-19.17,18 The following were the criteria for exclusion: 1) asymptomatic patients, 2) patients aged <18 years, 3) pregnant women, 4) patients with contraindications to use small-molecule drugs, and 5) patients with missing data. 
﻿ 
Outcomes
﻿ Baseline characteristics included age, gender, brinkman index, symptoms, underlying diseases, laboratory test results, chest CT images, among others. The primary outcome was the time for nuclear acid negative conversion (NANC) (second RT-PCR cycle threshold ≥35), and the secondary outcome was the duration of hospitalization. Following were the discharge criteria: improved symptoms, and two consecutive negative nucleic acid tests (cycle threshold values in RT-PCR ≥35) with a sampling interval of at least 24 h. 

Statistical analysis
[bookmark: OLE_LINK12]All statistical analyses were performed using SPSS Statistics for version 23. All tests for statistical significance were two-tailed, and a p-value <0.05was deemed statistically significant.
Results
[image: ]
Figure1 Study flowchart
[bookmark: OLE_LINK11]﻿A total of 731 patients diagnosed with COVID‐19 from August 1 to September 30, 2022 in the Third People's Hospital of the Tibet Autonomous Region were included in the study. Eighteen asymptomatic patients, 41 patients younger than 18 years of age, 19 pregnant women, 2 missing data, and 168 patients with contraindications to the use of small-molecule drugs were excluded. Finally, 485 patients were enrolled based on the inclusion and exclusion criteria. The nirmatrelvir-ritonavir group included 338 patients, the azvudine group included 147 patients (Figure 1). The median age of all patients was 54 years, and the male-to-female ratio was approximately 1:1; 90.10% of patients belonged to ethnic groups, 73.20% had been vaccinated at least once with an inactivated COVID-19 vaccine, and 51.50% had been vaccinated with three doses of the inactivated COVID-19 vaccine. Mild COVID-19 comprised 32.80% of cases, common COVID-19 comprised 53.60%, and severe and critical COVID-19 comprised 13.60% of cases. Few patients had underlying diseases, including hypertension (123 [25.40%]), diabetes (42 [8.70%]), cardiovascular and cerebrovascular diseases (83 [17.10%]), chronic pulmonary diseases (74 [15.30%]), chronic liver diseases (34 [7%]), chronic kidney diseases (15 [3.10%]), and tumors (18 [3.70%]). Moreover, 3.70% (n=18) of patients were heavy smokers. The common signs or symptoms at disease onset were cough (300 [61.9%]), myalgia or fatigue (132 [27.20%]), pharyngalgia (106 [21.90%]), fever (103 [21.20%]), dyspnea (54 [11.10%]), headache (25 [5.20%]), gastrointestinal symptoms (19 [3.90%]), rhinorrhea (14 [2.90%]), and hyposmia (4 [0.80%]). The median duration of hospitalization was 8 (5–12) days, and the median time for NANC was 8 (6–12) days (Table 1).
There were 338 and 147 patients in the nirmatrelvir-ritonavir and azvudine groups, respectively. Patients in the nirmatrelvir-ritonavir group had a median duration of hospitalization of 8 (5–11) days, whereas those in the azvudine group had a median duration of hospitalization of 11 (8–13) days (P=0.112). The median time for NANC among patients in the nirmatrelvir-ritonavir group was 8 (6–12) days, whereas that among patients in the azvudine group was 11 (8–15) (P=0.000). However, in terms of baseline patient data, there were statistically significant differences in age and clinical stage between both groups. To assess the efficacy of nirmatrelvir-ritonavir and azvudine according to clinical stage, we conducted a stratified analysis. Patients with several or critical COVID-19 had the following outcomes: 53 patients in the Nirmatrelvir-Ritonavir group and 13 patients in the azvudine group had a median duration of hospitalization of 13 (7–17.75) days and 10 (7.5–17.5) days, respectively (P=0.994), while the median time for NANC was 7 (5.25–12.75) days and 15 (7.5–23.5) days (P=0.023), respectively (Table 2). Among patients with common COVID‐19, the median duration of hospitalization for 190 patients receiving nirmatrelvir-ritonavir and 70 patients receiving azvudine was 8 (5–11) days and 8 (5–13) days, respectively (P=0.227), while the median time for NANC was 8 (5–12) days and 10.5 (7–14) days, respectively (P=0.013) (Table 2). Among patients with mild COVID‐19, the median duration of hospitalization was 8 (5–10.25) days for 95 patients in the nirmatrelvir-ritonavir group and 9 (5–13) days for 64 patients in the azvudine group (P=0.096), while the median times for NANC was 6 (4–9) days and 10 (6.25–13.75) days, respectively (P=0.000) (Table 2). In the nirmatrelvir-ritonavir group, 58 cases of COVID-19 with positive nucleic acids for more than 5 days continued to receive nirmatrelvir-ritonavir. The median time for NANC was 11 (9–15.5) days, and the median duration of hospitalization was 6.5 (4–10.25) days.
Five deaths (1.03%) occurred among the 485 patients in the present study. There were 3 deaths in the nirmatrelvir-ritonavir group and 2 deaths in the azvudine group (P=0.636). Among patients with severe and critical COVID-19, patients in the nirmatrelvir-ritonavir group had a mortality rate of 3.84% (2/53), whereas those in the azvudine group had a death rate of 7.69% (1/13) (P=0.543). Among patients with common COVID-19, patients in the nirmatrelvir-ritonavir group had a mortality rate of 0.53% (1/190), whereas those in the azvudine group had a death rate of 1.43% (1/70) (p=0.777). Most cases of mortality were due to secondary bacterial infections and progression of underlying diseases. 
There was no difference in the median duration of hospitalization among patients with mild, common, and severe (including critical) COVID-19 between the nirmatrelvir-ritonavir and azvudine groups (8 [5–10.25] vs. 9 [5–13] [P=0.096]; 8 [5–11] vs. 8 [5–13] [P=0.227]; and 13 [7–17.750] vs. 10 [7.5–17.50] days [P=0.994], respectively). However, the nirmatrelvir-ritonavir group had a shorter median time for NANC than the azvudine group (patients with mild COVID-19: 6 [4–9] vs. 10 [6.25–13.75] days [P=0.000]; patients with common COVID-19: 8 [5–12] days vs. 10.5 [7–14] days [P=0.013]; and patients with severe and critical COVID-19: 7 [5.25–12.75] vs. 15 [7.500–23.500] days [P=0.023]). A total of 58 patients with positive COVID-19 nucleic acids for more than 5 days received nirmatrelvir-ritonavir. Their median duration for NANC was 11 (9–15.5) days, and the median duration of hospitalization was 6.5 (4–10.25) days.
The average blood cell count of all patients was normal: the median white blood cell count was 4.83×109/L (3.83–6.21×109/L) in all patients, 4.70×109/L (3.84–5.86×109/L) in the nirmatrelvir-ritonavir group, and 5.42×109/L (3.71–5.83×109/L) in the azvudine group (P=0.185). The median lymphocyte count was 1.21× 109/L(0.87–1.58×109/L) in all patients, 1.18×109/L (0.87-1.58 × 109/L) in nirmatrelvir-ritonavir group, and 1.28×109/L (0.91–1.71×109/L) in the azvudine group (P=0.006). D-dimer levels increased by a median of 0.44 mg/L (0.23–1.1 mg/L) among all patients, by 0.44 mg/L (0.20-0.81 mg/L) in the nirmatrelvir-ritonavir group, and by 0.34 mg/L (0.23–0.65 mg/L) in the azvudine group (P=0.242). The average CT value of COVID-19 nucleic acid in all patients at admission was 28.34±5.12 for O gene and 26.53±5.35 for N gene. All patients underwent chest CT scan. A total of 314 patients (64.7%) had unilateral lung infiltration, and 57 patients (11.8%) had bilateral lung infiltration (Table 3).
Discussion
[bookmark: OLE_LINK7]The COVID-19 pandemic in Tibet, China, which began in August 2022, was caused by the highly contagious Omicron variant strain BA.2.76. According to the present research, the most prevalent symptoms of the SARS-CoV-2 Omicron variant epidemic in Tibet were cough (61.90%), myalgia or fatigue (27.20%), pharyngalgia (21.90%), fever (21.20%), and dyspnea (11.10%). The median hospitalization duration was 8 (5–12) days, and the median time for NANC was 8 (6–12) days. Five patients (1.03%) died owing to underlying diseases and secondary bacterial infections. There were no statistically significant differences in the median hospitalization duration between the nirmatrelvir-ritonavir and azvudine groups of mild, common, and severe (including critical) COVID-19 patients. There are no controlled studies comparing nirmatrelvir-ritonavir and azvudine in the literature. In one study that 258 patients received nirmatrelvir-ritonavir treatment, whereas 224 went untreated among patients with mild-to-moderate COVID-19. The median time for RT-PCR to change from positive to negative was 10 (7-12) days in patients given nirmatrelvir-ritonavir within 5 days of symptom onset, whereas that for untreated patients was 17 (12–21) days.19 In a randomized, controlled, open-label clinical trial of adults hospitalized for severe COVID-19, the nirmatrelvir-ritonavir group had a shorter time from randomization to discharge (12 vs. 14 days) and a higher percentage of patients with clinical amelioration on the 14th day (45.5% vs. 30%) than the standard treatment group. Other outcomes, such as time from randomization to death, duration of hospitalization, and duration of oxygen therapy, did not show significant differences.20 Owing to varying regulations, endpoints of the nirmatrelvir-ritonavir clinical trial included the outpatient hospitalization and death rates. In one meta-analysis, the total odds ratio of the nirmatrelvir-ritonavir for death or hospitalization was 0.05 (95% confidence interval [CI], 0.00–0.81) compared with that of the placebo group.11 In a randomized, open-label, controlled clinical trial (ChiCTR2000029853) in China, azvudine or standard antiviral therapy was randomly assigned to 20 patients with mild or common COVID-19. Among the 10 patients with azvudine and 10 control patients, the average time for the first NANC was 2.60 days and 5.60 days, respectively (P=0.008), indicating a difference of 3.00 days. The average time for the second NANC in the azvudine and control groups was 4.10 and 7.10 days, respectively, highlighting a difference of 3.00 days (95% CI, -5.05 to 0.95; P= 0.07).21 According to a randomized, single-arm clinical trial of azvudine for compassionate use, patients infected with COVID-19 and treated with oral azvudine (5 mg, once daily, n=15) were completely cured, with 100% of all NANCs occurring within 3.29 ± 2.22 days since azvudine administration and 100% of discharges occurring within 9.00 ± 4.93 days.22 In the summary of phase III clinical trials for azvudine in China, Russia, and Brazil, it can be observed that the clinical symptoms of the azvudine group have improved, the viral load has decreased, and the average duration of hospitalization has been reduced in comparison to the placebo group. Nevertheless, the results of these clinical trials have not been fully published.
[bookmark: OLE_LINK8]SARS-CoV-2 Mpro is essential for viral replication. In the Coronaviridae subfamily, both the amino acid sequence and three-dimensional structure of Mpro are substantially conserved. Nirmatrelvir forms a tight conjugate with the Mpro protein of SARS-CoV-2.23,24 Nirmatrelvir showed antiviral activity against SARS-CoV-2 in vitro. There are currently no activity data for the Omicron variant in cell cultures, although nirmatrelvir exhibited the activity of Omicron in a biochemical analysis.23 Azvudine was initially phosphorylated by cellular kinases in the host cell during the SARS-CoV-2 RNA synthesis process, and the active triphosphate was subsequently inserted into the viral RNA. Finally, RNA replication was terminated. 4,22 In the rhesus monkey model infected with SARS-CoV-2, there were 8 experimental monkeys; 4 were used as infection controls, and 4 were administered azvudine (0.07 mg/kg, qd oral) for 7 days. After azvudine treatment, the viral load collected from nasal swabs and blood was significantly reduced, inflammation and organ damage improved, and thymus function was restored.22 Single cell sequencing research demonstrated that azvudine may treat patients with COVID-19 by promoting immunity through the thymus.4,22 The antiviral mechanism of azvudine
[bookmark: OLE_LINK16][bookmark: OLE_LINK17] differs from nirmatrelvir-ritonavir, and there may be a potential for differences in effectiveness. The current study found that in patients with moderate, common, severe (including critical) COVID-19, nirmatrelvir-ritonavir group and azvudine group had no difference in the duration of hospitalization. In the treatment of COVID-19, azvudine is an effective option. In the present study, the median duration of hospitalization and median number of NANC were longer than those reported in other studies. According to the national policy of China, large-scale screening of COVID-19 nucleic acid will be conducted until December 2023. All patients with confirmed COVID-19 were hospitalized until they reached a COVID-19 nucleic acid CT value >35. Therefore, most patients are admitted at an early stage, which may be attributed to national policy variations. 
Whether altitude-related factors influence interactions between infectious pathogens and hosts remains controversial. Several studies have demonstrated that high altitude can reduce COVID-19 mortality.25–27 Some studies have also demonstrated that altitude decreases the incidence of COVID-19 infection but has no effect on mortality.28 A study involving 23 countries in the American continent showed that the severity of COVID-19 in the highlands (>1000 m) was lower than that in the lowlands (<1000 m); the mortality rate at high altitudes was 3.50%–36.42%, whereas that at low altitudes was 3.70%–36%.29 In this retrospective study, the mortality rate of all patients was 1.03%. The etiology of COVID-19 may be affected by altitude. The level of angiotensin-converting enzyme 2 (ACE2) may vary depending on altitude, which is a key entry point for the COVID-19 virus into cells in acute lung injury and other organ injuries.30 The expression of ACE2 changes due to hypoxia or simulated altitude and increases with altitude in a short time. ACE2 is upregulated in hypoxic environments. The expression of ACE2 in the hearts of mice living at higher elevations (1915 m) for several generations is significantly lower than that in animals raised at sea level.16 This physiological response may have a positive effect on the defense against COVID-19 and reduce the death rate of individuals living at moderate and high altitudes.
[bookmark: OLE_LINK13]Tibet has exhibited its first COVID-19 outbreak between August and December 2022. The present study compared the number of NANCs and duration of hospitalization after treatment with nirmatrelvir-ritonavir and azvudine for COVID-19 at high altitudes. This study has some limitations. First, as the study was limited to a single center, and patients were not randomly enrolled, there may have been a selection bias. Second, a lack of medical resources affected the time from onset to admission and treatment. Additionally, the impact of high altitudes on COVID-19 was not compared with that of low altitudes.

Conclusion
In this retrospective study, patients in the azvudine group had a longer median number of NANCs than those in nirmatrelvir-ritonavir group; however, azvudine was comparable to nirmatrelvir-ritonavir in terms of the median duration of hospitalization. Azvudine may have a similar efficacy to nirmatrelvir-ritonavir. Therefore, azvudine may be a treatment option for patients with COVID-19. However, verification requires further prospective trials. The severity of COVID-19 infection in high-altitude areas is relatively low but is also affected by the prevalence of comorbidities and indicators of socioeconomic status, environment, and health care access. The COVID-19 pandemic in high-altitude areas still warrants attention.
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