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Background: The outbreak of coronavirus disease (COVID-19) poses a great threat to global public health. At present, the number of newly confirmed COVID-19 cases and deaths is increasing worldwide. The strategy of comprehensive and scientific detection of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) through quantitative real-time polymerase chain reaction (qRT-PCR) for special populations and environments provides great support for the prevention and control of this pandemic in China. Our study focused on determining the factors associated with the length of time from symptom onset to the first positive nucleic acid test of throat swabs in COVID-19 patients, evaluating the effect of early positive nucleic acid detection on the disease severity and its significance in prognosis, and predicting the factors associated with the time from positive SARS-CoV-2 RNA test to negative conversion (negative conversion of SARS-CoV-2 virus) in COVID-19 patients.

Methods: This study included 116 hospitalized patients with COVID-19 from January 30, 2020 to March 4, 2020 in Wuhan, China. Throat swab samples were collected for qRT-PCR testing of SARS-CoV-2 RNA, and all patients included in this study were positive for this test.

Results: The multivariate Cox proportional hazards model showed that disease severity (HR = 0.572; 95% CI 0.348–0.942; p = 0.028) was a protective factor for the time from symptom onset to positive nucleic acid detection. Meanwhile, the time from symptom onset to positive nucleic acid detection (HR = 1.010; 95% CI 1.005–1.020; p = 0.0282) was an independent risk factor for the delay in negative conversion time of SARS-CoV-2 virus. However, the severity of the disease (HR=1.120; 95% CI 0.771–1.640; p = 0.544) had no correlation with the negative conversion time of SARS-CoV-2 virus.

Conclusions: Patients with more severe disease had a shorter time from symptom onset to a positive nucleic acid test. Prolonged time from symptom onset to positive nucleic acid test was an independent risk factor for the delay in negative conversion time of SARS-CoV-2 virus, and the severity of the disease had no correlation with negative conversion time of SARS-CoV-2 virus.
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INTRODUCTION

COVID-19 is a new infectious disease caused by a newly discovered coronavirus, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Since the outbreak in Wuhan in December 2019, the pandemic has spread to the world rapidly. At present, the number of new confirmed cases and deaths is increasing worldwide. As of February 23, a total of 424 million cases of laboratory-confirmed SARS-CoV-2 infection and more than 5.89 million deaths were registered worldwide (1). Detection of SARS-CoV-2 included etiological and serological examination of this virus. Among the etiological examination methods, the detection of SARS-CoV-2 nucleic acid by qRT–PCR is still the gold standard for the diagnosis of COVID-19 (2). Due to its capability of early diagnosis, high sensitivity and specificity, qRT–PCR is widely used in the fields of suspected case diagnosis, population screening, and health monitoring of staff (3). Two consecutive negative nucleic acid tests for respiratory pathogens (sampled ≥ 24 h apart) are one of the important criteria to define a patient's recovery. Therefore, negative conversion of SARS-CoV-2 RNA is essential to confirming whether a patient meets the criteria for discharge (4). Previous studies have shown that advanced age, more comorbid underlying diseases, fever and corticosteroid therapy use are risk factors for prolonged nucleic acid conversion (5, 6). However, only a few studies have explored the factors influencing the length of time from the onset of symptoms to the first nucleic acid test positive and the value of early positive nucleic acid test on the clinical outcome of patients. In this study, we retrospectively assessed the clinical characteristics of mild and severe COVID-19 patients in Wuhan, explored the factors associated with the length of time from symptom onset to the first positive nucleic acid test of throat swabs and investigated the effect of early positive nucleic acid test on the severity of disease and its significance in prognosis of patients, as well as the risk factors for prolonged conversion time from positive to negative nucleic acid test, to promote the early diagnosis and treatment of patients and improve the prognosis of patients.



MATERIALS AND METHODS


Study Design and Subjects

We retrospectively analyzed the clinical characteristics of 116 laboratory-confirmed COVID-19 patients admitted to the East Campus of Renmin Hospital of Wuhan University from January 30, 2020 to March 4, 2020. The East Campus of Renmin Hospital of Wuhan University was one of the medical institutions designated for COVID-19 by the National Health Commission and responsible for the treatment of severe COVID-19 patients in China. In addition, retrospective analysis of clinical data posed no potential risk to the patients.



Data Collection

We used a novel coronavirus 2019-nCoV nucleic acid detection kit (Easy Diagnosis Bio, Wuhan, China) to test respiratory specimens by qRT-PCR and all patients participating in this study showed positive test results. Patients under 18 years of age, pregnant women, and those transferred to other hospitals during hospitalization were excluded. Therefore, a total of 116 patients were included in this study. Patient demographics, laboratory test results, and the assessment of disease severity at admission were obtained from electronic medical records. Specifically, laboratory parameters included complete blood count (CBC), biochemical parameters, immune function, and coagulation function. According to the Protocol for Prevention and Control of COVID-19 (6th edition) issued by the National Health Commission, all patients met the clinical diagnostic criteria with the classification of disease severity (7). Two researchers independently reviewed the data collection forms to verify the accuracy of the data.



Statistical Analysis

Continuous variables were expressed as the mean and standard deviation (SD) or median and interquartile range (IQR), and dichotomous variables were expressed as the number of cases and percentage (n,%). Normality tests were performed using the Shapiro-Wilk method. The t-test was used for the variables in normal distribution in the two groups of data, the wilcoxon rank sum test was used for non-normal distribution in the two groups of data; the analysis of variance was used for the variables that conform to the normal distribution in the four groups of data, the Kruskal–Wallis H test was used for the variables that do not conform to the normal distribution in the four groups of data, and Bonferroni correction method was used for pairwise comparison of the variables with different test results; Chi-square test was used for the dichotomous variables, and pairwise comparison was conducted for the variables with different test results. Univariate and multivariate analysis were used on the factors affecting the time from symptom onset to positive nucleic acid test and the conversion time from positive to negative nucleic acid test. Data were analyzed using R4.2 software, and p <0.05 was considered statistically significant.




RESULTS


Association Between Clinical Characteristics and Laboratory Findings and the Time From Symptom Onset to the First Positive Nucleic Acid Test

As shown in Table 1, patients were divided into two groups according to the time from symptom onset to the first positive nucleic acid test. Seventy one patients who were diagnosed with positive nucleic acids within 1 week after onset were defined as the non-prolongation group. Of these 71 patients, 22 (30.99%) had severe disease and 49 (69.01%) had mild disease. The remaining 45 patients were diagnosed after more than 7 days and were defined as the prolongation group, in which the proportion of severe patients was 51.11% (23 patients), and the rate of severe disease in the prolongation group was significantly higher than that in the patients from the non-prolongation group (p <0.05). The demographics and laboratory findings were compared between the two groups. The mean age of the patients in the prolongation group was 61.53 years, which was higher than that in the non-prolongation group (56.46 years), but the difference was not statistically significant (p = 0.063). The median conversion time from a positive to a negative nucleic acid test in the prolongation group was 29 days (IQR, 16.0–43.5), which was significantly higher than that in the non-prolongation group (23 days, IQR, 15.0–37.75, p <0.05). In terms of routine blood examination, the lymphocyte count of patients in the prolongation group was significantly lower than that in the non-prolongation group; however, the comparison of other parameters between these groups showed no statistically significant difference (p > 0.05). Similarly, no significant difference in lymphocyte subsets or biochemical parameters (p > 0.05) was observed between the two groups.


Table 1. Comparison of clinical characteristics and laboratory findings between the two groups.
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As shown in Table 2 and Figure 1, univariate Cox regression analysis indicated that disease severity (p = 0.044), age (p = 0.04), and platelet (PLT) count (p = 0.035) were protective factors for the time from symptom onset to a positive nucleic acid test. To systematically analyze the factors affecting the length of time from symptom onset to first positive nucleic acid in patients, disease severity, age and platelet count were included in the multivariate Cox regression model as independent variables based on the analysis results of univariate Cox regression and our expertise on COVID-19. Multivariate analysis showed that disease severity (HR = 0.572; 95% CI 0.348–0.942; p = 0.028) was a protective factor for the time from symptom onset to a positive nucleic acid test.


Table 2. Univariate and multivariate cox regression model analysis results of the time from symptom onset to positive nucleic acid test.
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FIGURE 1. Box plot of variables grouped by the time from symptom onset to positive nucleic acid test was combined with the results of the univariate cox regression analysis and expertise.




Association Between Clinical Characteristics and Laboratory Findings and the Length of Negative Conversion Time of SARS-CoV-2 Virus in Patients

As shown in Table 3, patients were divided into four groups according to the length of conversion time from the first positive to negative nucleic acid test. Of all the patients in these groups, 23 experienced <2 weeks of this conversion time, 40 experienced 2–4 weeks, 26 experienced 4–6 weeks, and the remaining 27 experienced more than 6 weeks. The basic characteristics of patients and laboratory findings were compared among these groups, which showed that the most common symptom on admission was fever (75.86%), followed by cough (62.93%), fatigue (21.55%), shortness of breath (21.55%), and diarrhea (10.34%) dyspnea (9.48%). The most common comorbidity was hypertension (25.86%), followed by diabetes (16.38%) and cardiovascular disease (12.07%); however, no significant differences were found in these symptoms and comorbidities among these groups (p > 0.05).


Table 3. Comparison of clinical characteristics and laboratory findings among the four groups.
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The median time from symptom onset to a positive nucleic acid test was 9 days (IQR, 6.0–14.5) in patients with a conversion time of more than 6 weeks from a positive to a negative nucleic acid test, which was significantly longer than that in patients with a conversion time of <2 weeks (4 days, IQR, 0–8.0) (p < 0.05). In addition, patients with a conversion time of more than 6 weeks had a longer disease duration before admission than patients with a conversion time of 2 to 4 weeks (p < 0.05). In terms of routine blood examination, there were no statistically significant differences in white blood cell count, neutrophil count or lymphocyte count among these groups (p > 0.05). For immunological parameters, the CD4/CD8 ratio was lower in patients with conversion times of 2 to 4 weeks than in patients with conversion times of <2 weeks (p < 0.05). However, CD3+ T cell and CD4+ T cell counts did not show statistically significant differences between these groups (p > 0.05).

As shown in Table 4 and Figure 2, univariate Cox regression analysis indicated that the time from symptom onset to a positive nucleic acid test (p = 0.019) and disease duration before admission (p = 0.004) were significantly correlated with the negative conversion time of SARS-CoV-2 virus. Combined with the results of univariate Cox regression analysis and our expertise in COVID-19, the time from symptom onset to positive nucleic acid test, duration of disease before admission and age were included as independent variables in the multivariate Cox regression model, and the results showed that the time from symptom onset to positive nucleic acid test (HR = 1.010; 95% CI 1.005–1.020; p = 0.0282) was an independent risk factor for prolonged negative conversion time from positive to negative nucleic acid test.


Table 4. Univariate and multivariate cox regression model analysis results of the conversion time from positive to negative nucleic acid test.
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FIGURE 2. Box plot of variables grouped by the conversion time from positive to negative nucleic acid test was combined with the results of the univariate cox regression analysis and expertise.




Association Between Clinical Characteristics and Laboratory Findings and Disease Severity in Patients

As shown in Table 5, the relevant parameters between mild and severe patients were compared. The mean age of severe patients was 70.49 years, which was significantly higher than that of mild patients (51.49 years, p < 0.05). Among the mild patients, 50.70% were male, slightly lower than that in severe patients (55.56%), but the difference between the two groups was not statistically significant. The median time from symptom onset to the first positive nucleic acid test was 5.0 days (IQR, 2.5–8.0) in mild patients and significantly shorter than 8 days (IQR, 4.0–12.0) in severe patients (p = 0.047). The median conversion time from the first positive to negative nucleic acid test was 24 days (IQR, 15.5–41.5) and 25 days (14.0–38.0) in mild and severe patients, respectively (p = 0.671). In terms of routine blood examination, the white blood cell count and neutrophil count were increased to varying degrees, and the lymphocyte count was decreased (p < 0.05) in severe patients compared with mild patients. For the immunological indicators, CD3+ T cells and CD8+ T cells were significantly lower in severe patients (p < 0.05) than in mild patients, and there were no statistically significant differences in CD4+ T cells between the two groups (p > 0.05). In terms of the biochemical parameters, albumin concentration was significantly higher in mild patients than in severe patients (p < 0.05). Alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP) and γ-glutamyl transpeptidase (γ-GGT) in severe patients were slightly higher than those in mild patients, but the difference was not statistically significant between the two groups (p > 0.05).


Table 5. Comparison of clinical characteristics and laboratory findings between mild and severe patients with COVID-19.
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DISCUSSION

In this study, we retrospectively analyzed the clinical characteristics of 116 laboratory-confirmed COVID-19 patients and explored the factors associated with the length of time from symptom onset to the first positive nucleic acid test of throat swabs, as well as the risk factors for prolonged conversion time from positive to negative nucleic acid test. We concluded that the prolonged time from symptom onset to positive nucleic acid detection was an independent risk factor for the delay in SARS-CoV-2 RNA negative conversion time.

The strategy of comprehensive and scientific detection of SARS-COV-2 in specific populations and environments through qRT–PCR provides support for COVID-19 pandemic prevention and control in China (8, 9). Nucleic acid screening helps identify infected individuals in a timely manner and prevents the spread of this pandemic (10). Nucleic acid detection of SARS-CoV-2 virus by qRT–PCR is considered the gold standard for COVID-19 diagnosis (2). At present, throat swab samples are mainly used for the diagnosis of suspected cases, population screening and staff health monitoring, but the results may be affected by the patient's viral load, the quality of samples, the mutation and recombination of SARS-CoV-2 and other factors, leading to false negative results (11, 12). Younger patients are more likely to have false negative results in the early stages of the disease (13). Recently, the emergence of new SARS-CoV-2 mutant strains have been associated with a surge in the number of infections worldwide (14). Mutations and recombination which lead to the emergence of novel lineages of SARS-CoV-2 can reduce the sensitivity of qRT–PCR and cause false negative results in throat swab detection (12). Meanwhile, the Protocol for Prevention and Control of COVID-19 (6th edition) states that negative nucleic acid test results do not rule out SARS-CoV-2 virus infection (7). Several studies have reported that qRT–PCR produces false negative results, including one study from Beijing that reported a case with consecutive false negative qRT–PCR results (15). Our study found that patients who tested positive for nucleic acids within a week from the onset of symptoms had a significantly lower rate of severe disease than those who tested more than a week later. Therefore, there is a need to develop highly sensitive and specific test methods to improve qRT–PCR assays and serological analysis to reduce false negative results and promote timely diagnosis and eventually to reduce the rate of severe patients (16). At the same time, our study found that disease severity was a protective factor for the time from symptom onset to a positive nucleic acid test: the more severe the patients' disease was, the shorter the time from symptom onset to a positive nucleic acid test. The reason may be related to the significantly higher viral load in severe patients than in mild patients (17). Studies have reported that the viral load of nasopharyngeal swabs in severe patients can even reach 60 times that of mild patients (18). However, a retrospective study from New York University found that the initial viral load was significantly higher in mild COVID-19 patients than in severe patients who required hospitalization (19). In the case of a PCR test, it is not only worth considering whether the patient's result is positive, but also the degree of viral load (20). Further studies are needed to further investigate the relationship between disease severity and viral load in COVID-19 patients.

The COVID-19 prevention and control protocol was based on the detection of SARS-CoV-2 nucleic acid in samples of respiratory tract or blood by real-time fluorescent qRT–PCR to determine diagnostic and discharge criteria for patients (21). However, there is no consistent standard to accurately define the duration of SARS-CoV-2 virus infection in the diagnosis and treatment of this disease in an actual clinical environment. Only a few studies have analyzed the factors influencing the conversion time from positive to negative tests using throat swab samples for nucleic acid detection. Our study found that a prolonged time from symptom onset to a positive nucleic acid test was an independent risk factor for a prolonged negative conversion time of SARS-CoV-2 RNA. If patients were diagnosed in time, the severity of the disease can be effectively predicted, and the progression of the disease from mild to severe conditions can be reduced, which is of great clinical significance for the prevention and control of COVID-19. A retrospective cohort study from Wuhan, China, found that the median duration of viral shedding in recovered patients was 20.0 days, and the longest duration of viral shedding was 37.0 days (22). However, some of the infected individuals showed persistent positive nucleic acid test results. A study from Shanghai, China, reported that four COVID-19 cases with persistent positive nucleic acid tests had an average conversion time of 61 days from positive to negative nucleic acid tests (23). In our study, the median conversion time from the first positive to negative nucleic acid test was 24 days and 25 days in mild and severe patients, respectively, and the conversion time in one of the severe patients was up to 75 days. Zhou et al. found that the duration of viral RNA shedding in the upper respiratory tract specimens from a 75-year-old male patient with COVID-19 reached 111 days (24). The long-term positive viral RNA test result may be due to the damage to the immune system, immune tolerance and escape, or mutation of the virus (23, 25). Further studies are still needed to verify whether COVID-19 will form a chronic carrier state in humans.

The condition of severe patients with COVID-19 is critical and can change rapidly. Our results demonstrated that the white blood cell count, neutrophil count, and lymphocyte count were significantly lower in the severe group than in the mild group, suggesting that early diagnosis and intervention are very important to reduce the risk of death caused by the tendency to severe condition transformation (26). A study comparing the virus shedding time between patients hospitalized in the ICU and those not hospitalized in the ICU showed that the duration of virus shedding time of blood, saliva, and nasal samples was longer in ICU patients than in non-ICU patients (27). The reason may be related to the fact that severe patients might be more likely to receive invasive mechanical ventilation (17, 28). However, Zheng et al. (29) and Zhou et al. (24) found no association between the virus shedding time and the severity of COVID-19. In this study, we divided the virus shedding time into two time periods: from symptom onset to a positive nucleic acid test and from a positive nucleic acid test to a negative nucleic acid test. Further studies revealed that there were no significant differences in the average length of hospital stay between these two groups. The severity of the disease did not affect the conversion time of the nucleic acid test or the length of hospital stay, which may be because there was no significant positive correlation between the copy number of SARS-CoV-2 viral RNA and the severity of the disease (30). Viral clearance of SARS-CoV-2 may depend mainly on the host's own immune status. Previous studies have shown that advanced age and corticosteroid therapy use are risk factors for prolonged nucleic acid conversion. Elderly COVID-19 patients often show impaired immunity, which reduces the body's ability to clear the virus (31). Glucocorticoid therapy may be effective in suppressing T lymphocyte-mediated immune responses (6, 32). In clinical practice, some severe COVID-19 patients have a short conversion time from positive to negative nucleic acid tests; however, some mild patients and asymptomatic patients with SARS-CoV-2 infection may have a longer conversion time from positive to negative nucleic acid tests due to insufficient immune responses (33). Further clinical and scientific studies are still needed to explore the effect of disease severity on the time of nucleic acid conversion of SARS-CoV-2 virus.

This study has several limitations. First, due to the limitations of early disease identification and the urgency of controlling COVID-19, patients who were admitted early often lack laboratory data, such as IL-6, IL-10, IFN-γ and viral load. Second, the sample size of this study was relatively small. In addition, the deceased patients usually present critically on admission, but our study focused on the factors affecting patients' nucleic acid conversion. Deceased patients were excluded from this study because they lacked time for nucleic acid conversion, which may introduce potential bias risks and limit the generality of the results. Moreover, due to the limitations of retrospective studies, the results may be affected by confounding factors that we cannot control or observe in our analysis. In future studies, more rigorous randomized prospective trials are needed to verify our results.



CONCLUSIONS

Patients with more severe disease had a shorter time from symptom onset to a positive nucleic acid test. Prolonged time from symptom onset to positive nucleic acid test was an independent risk factor for the prolonged negative conversion time of SARS-CoV-2 virus, and the severity of the disease had no correlation with negative conversion time of SARS-CoV-2 virus. Therefore, we emphasize the importance of early diagnosis and intervention to reduce the risk of death caused by the transformation to severe condition. Recently, with the emergence of SARS-CoV-2 Omicron variant (B.1.1.529), patients may present with relatively mild or even unusual clinical symptoms. However, no studies have been reported on the factors affecting the conversion of nucleic acids in patients infected with the Omicron variant. The analysis of factors influencing the time to nucleic acid conversion of different SARS-CoV-2 variants still needs to be further confirmed by large-scale clinical studies.
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