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A B S T R A C T   

Background: Although vaccinations and antiviral drugs are widely used in the clinical treatment 
worldwide, there is little investigation on the clinical outcomes and effectiveness of oral Azvudine 
tablets (FNC) treatment in COVID-19 hospitalized patients. The previous data showed Azvudine 
treatment was closely related to reduced virus shedding time, but the potential role of Azvudine 
on inflammatory response is scarce. Thus, this study is to investigate inflammatory predictors and 
effectiveness of oral Azvudine tablets treatment in COVID-19 hospitalized patients. 
Methods: A total of 600 out of hospitalized patients were retrospectively collected over a 2-month 
period, of whom 60 out of hospitalized patients infected SARS-CoV-2. 32 of hospitalized patients 
who received Azvudine tablets were collected and the rest did not. Oral Azvudine tablets treat-
ment: 5 mg/day for 7–14 days. We analyzed the routine blood tests, blood coagulation test, NT- 
proBNP, Troponin (cTNl), Creatine kinase MB (CK-MB) after oral Azvudine tablets treatment 
compared with that in before oral Azvudine tablets treatment. Also, we compared the CT chest 
and length of Stay after Azvudine treatment. 
Results: We found that the number and percentage of eosinophil increased significantly, but the 
levels of C-reactive protein (C-RP) and IL-6 reduced remarkably after Azvudine treatment. In 
blood coagulation tests, the results showed that activated partial thromboplastin time (APTT) 
(mean ± SEM: 2.950 ± 2.268s) and fibrinogen (mean ± SEM: 0.8910 ± 0.5134g/L) down-
regulated slightly, while there was similar in the level of D-Dimer (mean ± SEM: 0.1660 ±
0.3108 μg/mL) before and after Azvudine treatment. The expression of NT-proBNP reduced in 
Azvudine treatment (mean ± SEM: 897.1 ± 557.1pg/mL). Chest computed tomography (CT) scan 
reports also demonstrated that Azvudine treatment improved lung symptoms in COVID-19 hos-
pitalized patients. Moreover, there is no difference in the average of length of stay in Azvudine 
treatment (the average of LOS days: 9.0) and no treatment (the average of LOS days: 9.0) 
Conclusion: Oral Azvudine tablets treatment was associated with decreased inflammatory 
response and improved blood coagulation function, which should be substantial clinical benefits 
in COVID-19 hospitalized patients.  
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1. Introduction 

Coronavirus disease 2019 (COVID-19) has been a significant disease throughout the world in the past 3 years, and can exacerbate 
other conditions, such as diabetes, cardiovascular disease, and hypertension [1–3]. Vaccinations and antiviral drugs are widely applied 
in the clinical treatment of COVID-19 worldwide [4]. Real-world data have demonstrated that vaccines are highly effective against 
COVID-19, and have suggested a decreased number of patients suffering related severe disease and death. However, the effectiveness 
of vaccines may be reduced after receiving second or third dose [5,6]. Expert guidelines recommend antiviral drugs, such as Paxlovid 
[7] and Azvudine tablets, in the clinical use of COVID-19 [8,9]. In China, the clinical outcomes and effectiveness of oral Azvudine 
treatment in hospitalized patients with COVID-19 has not been well investigated. Azvudine (FNC, RO-0622), a first-in-class nucleo-
side-based prodrug developed by Henan Sincere Biotech Co., Ltd., was granted conditional marketing authorization by the National 
Medical Products Administration of China on July 25, 2022, and was the first Chinese oral SARS-CoV-2 RdRp inhibitor for treatment of 
adult patients with COVID-19. Furthermore, Azvudine is relatively inexpensive (US $40 or CN ¥270) per course and the mortality of 
patients with COVID-19 who have undergone Azvudine treatment is lower than that in control populations without Azvudine treat-
ment [10]. 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)-infected patients display a great variety of clinical characteristics 
and outcomes, such as long-term impact on pulmonary and multiple extrapulmonary tissues and organs [11]. C-reactive protein (C-RP) 
and interleukin (IL)-6 are important indicators in the evaluation of the degree of mild and severe diseases [12,13]. The level of 
eosinophil cells is reduced and gradually recovers to normal after optimal treatment of COVID-19, which could be a useful indicator for 
the degree of COVID-19 [14]. With regard to the effectiveness of Azvudine treatment, it not only contributes to reducing the viral 
shedding time [15,16], but is associated with lower risks of severe complications and all-cause-death in patients with COVID-19, 
especially in male patients [17]. A recent study showed that there was a sharp increase in alive CD4+ and CD8+ T cells in the 
thymus of monkeys after Azvudine treatment, which contributed to the improvement of immune cells functions in the thymus [18]. 
Additionally, coagulation function and cardiovascular variables are greatly changed in all patients with COVID-19, but data on the 
effect of Azvudine treatment on these parameters in hospitalized patients with COVID-19 are scarce. Therefore, further evidence of 
inflammatory predictors and of the effectiveness of Azvudine treatment in hospitalized patients with COVID-19 is urgently required. 

In this retrospective study, we aimed to evaluate inflammatory predictors and the effectiveness of oral Azvudine tablet treatment in 
hospitalized patients with COVID-19 in Shenzhen Longhua District Hospital, which is the largest hospital situated in the northern 
region of Shenzhen, China. 

2. Methods 

2.1. Study design and treatment 

This retrospective study was approved by the Ethics Review Committee of Shenzhen Longhua District Central Hospital in accor-
dance with World Medical Association Declaration of Helsinki (WMA) (Ethical Application Ref: AF/SC-08/01.1/2023-044-01) and all 
written informed consent of the subjects have been included in the Ethics approval. A retrospective study was performed on COVID-19 
patients over 18 years of age. A total of 600 out of hospitalized patients were retrospectively collected over a 2-month period, of whom 
60 out of hospitalized patients infected SARS-CoV-2. 32 of hospitalized patients who received Azvudine tablets were collected and the 
rest did not. COVID-19 patients were treated with Azvudine Tablets 5 mg daily for 7–14 days. 

2.2. Data collection 

According to new Coronavirus Pneumonia Diagnosis and Treatment Program (version 10), COVID-19 patients were classified as 
asymptomatic, mild and severe. Demographic characteristics, patients’ clinical characteristics, comorbidities, laboratory test results, 
chest computed tomography (CT) scan reports, echocardiogram and clinical outcomes were collected from medical patients’ records. 
Laboratory test results consisted of routine blood tests, blood coagulation test, NT-proBNP, Troponin (cTNl), Creatine kinase MB (CK- 
MB) before and after oral Azvudine tablets treatment. The outcome of oxygen therapy and length of stay were collected from medical 
records. All results were checked by two separate medical researchers to confirm their accuracy. 

2.3. Statistical analysis 

The data on demographic and clinical characteristics of study patients is presented as frequency count (N) and percentages (%). The 
variables are reported as mean values ± standard error of mean (SEM) or Average. All statistical analyses are performed using 
GraphPad Prism 8.0 software (NIH, USA) and the two-tailed unpaired Student’s t-test is used to calculate statistical differences between 
two groups. Patients with missing information for a given variable are excluded from the calculations/analysis. *P < 0.05, **P < 0.01, 
and ***P < 0.001 are statistically significant. 
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3. Results 

3.1. Patients’ demographics and clinical characteristics 

Sixty patients infected with SARS-CoV-2 who were hospitalized were included in this study; the average age of the patients was 
65.8 years. A total of 72 % of the patients had received COVID-19 vaccines, and 28 % did not. The number of men with COVID-19 was 
higher than that of women with COVID-19 (56 % vs 44 %). With regard to comorbidities, hypertension was the most important co-
morbidity (31 %). The rates of cardiac disease and diabetes were 31 % and 28 %, respectively. Additionally, half of the hospitalized 
patients with COVID-19 required oxygen supplementation. According to the new Coronavirus Pneumonia Diagnosis and Treatment 
Program (version 10), 75 % of the infections with SARS-CoV-2 were mild, which was the predominant group among hospitalized 
patients with COVID-19, while 19 % of patients with COVID-19 had severe symptoms. Fever (72 %) and cough (91 %) were the most 
obvious symptoms in hospitalized patients (Table 1). 

3.2. Association between Azvudine treatment and inflammatory markers 

Inflammatory markers are the most important indictors of inflammation in laboratory tests after SARS-CoV-2 infection. Reduced 
eosinophil expression [14], impaired lymphocytes [19], and elevated cytokine concentrations have been recorded in patients with 
COVID-19 [20], and Azvudine treatment reduces the inflammatory response and inhibits cytokine storms [18]. Azvudine treatment 
protects the thymus from SARS-CoV-2 damage and leads to elevated levels of lymphocytes (CD3+, CD4+, and CD8+ cells), but not of CD 
20+ cells, in Azvudine-treated monkeys [18], improving their immune cell function. Therefore, to investigate the effectiveness of 
Azvudine treatment, we analyzed the data on 32 hospitalized patients with COVID-19 before and after Azvudine treatment, and 
compared the inflammatory markers in these patients (Fig. 1). We found that the number (109/L) and percentage (%) of eosinophils 
were significantly higher (P < 0.001), and C-RP concentrations (mg/L) were remarkably lower after Azvudine treatment than before 
Azvudine treatment (P < 0.001), while the level of IL-6 (pg/ml) decreased (P = 0.159) (Fig. 2A, C, and D). The percentage and number 
of monocytes were similar before and after Azvudine treatment (Fig. 2B). 

3.3. Association between Azvudine treatment and clinical outcomes 

We also investigated the crude incidence rates of comorbidities, and found that hypertension (31 %) and cardiac disease (31 %) 
were the predominant diseases (Table 1). Laboratory blood coagulation tests showed that the activated partial thromboplastin time 
(APTT, mean ± standard error of the mean [SEM]: 2.950 ± 2.268 s) and fibrinogen concentrations (mean ± SEM: 0.8910 ± 0.5134 g/ 
L) were slightly lower, while D-dimer concentrations (mean ± SEM: 0.1660 ± 0.3108 μg/mL) were similar, before Azvudine treatment 
compared with after Azvudine treatment (Fig. 2E–G). 

The level of N-terminal pro B-type natriuretic peptide (NT-proBNP) was lower after Azvudine treatment than before treatment 
(mean ± SEM: 897.1 ± 557.1 pg/mL) (Fig. 2H). In contrast, Azvudine treatment was not associated with any change in cardiac 

Table 1 
Demographic and clinical characteristics of study patients.  

Characteristics Azvudine group 

N (%) (n = 32) 

The mean of Age (29–94) x = 65.8 
COVID-19 Vaccine 
Injection 23 (72) 
No injection 9 (28) 
Gender 

Male 18 (56) 
Female 14 (44) 

Comorbidities 
Diabetes 9 (28) 
Hypertension 10 (31) 
Cardiac disease 10 (31) 

Need for oxygen supplementation 18 (56) 
COVID-19 category 

Asymptomatic 2 (6) 
Mild 24 (75) 
Severe 6 (19) 

Signs and symptoms 
Fever 23 (72) 
Cough 29 (91) 
Fatigue 1 (3) 

Inflammatory markers (Eosinophil, C-RP and IL-6) and effectiveness of Oral 
Azvudine Tablets treatment in COVID-19 Hospitalized Patients: A Retrospec-
tive, Self-Controlled Study. 
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troponin I or creatine kinase MB concentrations (Fig. 2I and J). These results suggest that Azvudine treatment improved coagulation 
function and reduced NT-proBNP concentrations after SARS-CoV-2 infection. These changes may contribute to reducing the incidence 
rates of endothelial dysfunction and heart failure. Furthermore, chest computed tomography showed that Azvudine treatment 
improved lung symptoms in hospitalized patients with COVID-19 (Fig. 2K), but there was no difference between the average length of 
stay for Azvudine treated patients (average length of stay: 9.0 days) and non-treated patients (average length of stay: 9.0 days) 
(Fig. 2L). 

4. Discussion 

Since government policy and clinical expert guidelines recognized oral Azvudine treatment as a standardized treatment protocol 
for patients with COVID-19, Azvudine treatment has been widely used in China. Recent studies have shown that oral Azvudine 
treatment not only shortened the time to the first negative nucleic acid test results [15,16,21,22], but also reduced the risks of the 
accompanying disease progression outcome and all-cause death, especially for male patients with COVID-19 [6,17,23]. Additionally, 
Azvudine treatment improved the function of immune cells in monkeys [18]. Although Azvudine treatment is beneficial for patients 
with COVID-19, the evidence of inflammatory markers and for the effectiveness of Azvudine treatment is scarce. 

A previous study showed that eosinophil expression was an important clinical index to evaluate COVID-19 progression, and that 
decreased eosinophils were related to worse infectious disease [14]. Our laboratory test results showed that the percentage and 
number of eosinophils were significantly increased after Azvudine treatment, which suggests the efficiency of Azvudine treatment in 
hospitalized patients with COVID-19. Moreover, Azvudine treatment reduced C-RP and IL-6 in these patients. This finding is consistent 
with previous studies, which showed improvement in COVID-19 symptoms and decreased C-RP and IL-6 concentration [24–26]. 
Therefore, the number of eosinophil, and C-RP and IL-6 concentrations may be effective and useful inflammatory markers in hospi-
talized patients with COVID-19 after oral Azvudine treatment. 

SARS-CoV2 infection is closely related to endotheliitis, resulting in coagulation acceleration in endothelial cells [27]. High 
fibrinogen concentrations have been recorded in COVID-19. A study showed that fibrinogen concentrations in patients with severe 
COVID-19 were higher than those in patients with mild COVID-19 [28]. Also, abnormal APTT is common in COVID-19 sever patients 
and caused coagulation dysfunction [28]. In the present study, a slight decrease of APTT and fibrinogen concentrations was found in 
Azvudine treatment, and this result suggests that Azvudine treatment could be useful to COVID-19 sever patients in clinic. Increased 
D-dimer concentrations activate a coagulation response and promote systemic inflammatory response syndrome in patients with 
COVID-19 [29]. This finding indicates that D-dimer concentrations are a potential predictor for disease severity and mortality in 
patients with COVID-19 [30,31]. However, we found that there was no difference in D-dimer concentrations after Azvudine treatment 
compared with before treatment. NT-proBNP defined as a quantitative plasma biomarker reflecting haemodynamic cardiac stress in 
the diagnosis and administration of heart failure, pulmonary embolism and pneumonia [32,33]. Abnormal concentrations of 
NT-proBNP are associated with severe COVID-19 [34,35]. In our study, NT-proBNP concentrations were lower after Azvudine 
treatment than before Azvudine treatment, and our retrospective study suggested that Azvudine treatment is associated with reduced 
fibrinogen and NT-proBNP concentrations. Therefore, the number of eosinophil, and C-RP and IL-6 concentrations may be effective 
and useful inflammatory markers in hospitalized patients with COVID-19 after oral Azvudine treatment. 

However, there were many limitations in our study. First, some out of hospitalized patients did not re-check body condition after 
Azvudine treatment, so parts of precious patients’ information were missed. Second, SARS-CoV2 infection caused cytokine storm to 

Fig. 1. The research design.  
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induce severe inflammatory response in patients, but specific cytokines changes, such as interleukin family, TNF family and IFN family, 
did not check in COVID-19 patients with Azvudine treatment, Finally, a recent case report suggested that concomitant administration 
of Azvudine, warfarin, and rivaroxaban could increase international normalized ratio (INR) in a COVID-19 patient [36]. Thus, other 
potential predictors should be further considered when Azvudine and other drugs are concomitantly administered in COVID-19 
patients. 

5. Conclusion 

Eosinophils, C-RP, and IL-6 may be useful inflammatory predictors to estimate the effectiveness of Azvudine treatment in the 
inflammatory response of patients with COVID-19. Fibrinogen and NT-proBNP appear to be effective for monitoring the progression of 
heart failure after Azvudine treatment in patients with COVID-19. 

Fig. 2. Inflammatory predictors and effectiveness of Oral Azvudine Tablets treatment in COVID-19 Hospitalized Patients The serum level of 
(A) eosinophil, (B) monocytes, (C) C-reactive protein, and (D) IL-6 in COVID-19 hospitalized patients before and after Azvudine treatment; The 
serum level of (E) APTT, (F) fibrinogen, (G) D-Dimer, (H)NT-proBNP, (I) cTnl, and (J) CK-MB in COVID-19 hospitalized patients before and after 
Azvudine treatment; (K) the chest computed tomography (CT) scan report of a severe COVID-19 patient before and after Azvudine treatment; (L) 
The average of length of stay in control group and Azvudine treatment COVID-19 hospitalized patients (mean ± S.E.M, *P < 0.05, **P < 0.01, ***P 
< 0.001). 
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