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Background: The worldwide epidemic of Coronavirus Disease 2019 (COVID-19) 
has evolved into multiple variants. The Delta variant is known for its ability to 
spread and replicate, while data are limited about the virus shedding time in 
patients infected by the Delta variant.

Methods: 56 Delta variant and 56 original SARS-CoV-2 infected patients from 
Hunan, China, matched according to age and gender divided into two groups and 
compared the baseline characteristics and laboratory findings with appropriate 
statistical methods.

Results: Patients infected with the Delta variant had significantly fewer symptoms of 
fever (p < 0.001), fatigue (p = 0.004), anorexia (p < 0.001), shortness of breath (p = 0.004), 
diarrhea (p = 0.006), positive pneumonia rate of chest CT (p = 0.019) and chest CT 
ground glass opacities (p = 0.004) than those of patients with the original SARS-
CoV-2. Patients of the Delta variant group had a significantly longer virus shedding 
time [41.5 (31.5, 46.75) vs. 18.5 (13, 25.75), p < 0.001] compared with the original SARS-
CoV-2 group. The correlation analyses between the virus shedding time and clinical 
or laboratory parameters showed that the virus shedding time was positively related 
to the viral strain, serum creatinine and creatine kinase isoenzyme, while negatively 
correlated with lymphocyte count, total bilirubin and low-density lipoprotein. Finally, 
the viral strain and lymphocyte count were thought of as the independent risk factors 
of the virus shedding time demonstrated by multiple linear regression.

Conclusion: COVID-19 patients infected with the Delta variant exhibited fewer 
gastrointestinal symptoms and prolonged virus shedding time than those 
infected with the original SARS-CoV-2. Delta variant and fewer lymphocyte were 
correlated with prolonged virus shedding time.
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1. Introduction

At the end of 2019, the world became aware of the outbreak of human infection with severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The pandemic has continued till now 
and has not yet subsided. SARS-CoV-2 has developed diverse variations as a result of the viral 
genome’s ongoing evolution (1), which has brought immense challenges to the prevention and 
treatment of Coronavirus Disease 2019 (COVID-19).
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The SARS-CoV-2 variants Alpha (B.1.1.7), Beta (B.1.351), Gamma 
(P.1), and Delta (B.1.617.2) have been classified by the World Health 
Organization (WHO) as variants of concern. Delta variant with 
considerable transmissibility and immune evasion capabilities have 
drawn a lot of attention (1, 2), were detected in India in October, 2020. 
It has been reported that the duration of viable viral shedding in 
confirmed patients may be influenced by new variants and SARS-
CoV-2 vaccination strategies (3, 4). Patients with COVID-19 infected 
the Delta variant showed more prolonged viable viral shedding than 
those infected non-Delta variants before occurring the Delta variant 
(5). In addition, the duration of viral shedding is an important 
indicator for assessing the epidemic disease transmissibility (6, 7). 
Many studies have discussed risk factors associated with prolonged 
virus shedding time in COVID-19 patients (8–16). However, the 
relation between prolonged virus shedding time and SARS-CoV-2 
variants remains unclear.

The outbreak in Hunan in August 2021 was caused by the Delta 
variant, while in 2020 was caused by the original SARS-CoV-2. This 
study aims to compare the characteristics of COVID-19 patients 
infected by the Delta variant and the original virus, especially 
discussing the independent risk factor of the difference between the 
two groups in the virus shedding time.

2. Methods and materials

2.1. Design and participants

The study is a retrospective observational study, which enrolled 
56 Delta variant and 56 original COVID-19 patients matched with age 
and gender using propensity score matching, who were hospitalized 
in Hunan in 2020 to 2021. Each group includes 34 males and the 
average age is 41 years old.

2.2. Reverse transcription polymerase 
chain reaction

Throat swab samples were used to extract the nucleic acid by an 
automatic system from Nathch CS (Sansure Biotech, Hunan, China) 
and Mingde (Wuhan, China) for the Original and Delta variants, 
separately. Then, the nucleic acid amplification was conducted on 
slan96P (Shanghai Hongshi Medical Technology Co., LTD) and Yari 
MA-6000 (Mingde, Wuhan, China) separately.

2.3. Data collection

Epidemiological characteristics, comorbidities, clinical symptoms, 
radiography findings, medication history, baseline laboratory findings, 
and disease severity during hospitalization were extracted from the 
electronic medical records. The diagnosis of COVID-19 was based on 
RT-PCR results. Virus shedding time was defined as the duration 
between symptoms onset for symptomatic patients or first positive 
COVID-19 RT-PCR for asymptomatic cases and the first negative 
COVID-19 RNA (Ct ≥ 40) before discharge. Fever was defined as an 
axillary temperature ≥ 37.3°C. The definition of severe COVID-19 
patients was determined according to the Chinese diagnosis and 

treatment protocol for novel coronavirus pneumonia (17). Data 
extraction was performed independently by two researchers, and a 
third researcher was brought in to assess if there were any 
discrepancies. This study was approved by The Institutional Ethics 
Board of The Second Xiangya Hospital of Central South University 
and Renmin hospital of Zhangjiajie, Hunan.

2.4. Statistical analyses

The quantitative variables were found to be  non-normally 
distributed and were described as median (interquartile range, IQR). 
Comparisons between groups of independent quantitative variables 
were performed using Mann–Whitney test for the non-normal 
distribution. Categorical variables were described as frequency and 
percentage, and Fisher’s exact test or chi-square test were used for 
analyses. The Spearman correlation was applied to assess the 
correlations between virus shedding time and other variables. Multiple 
linear regression analysis was conducted to determine potential 
factors associated with virus shedding time included in the variables 
with p < 0.05 in the correlation analysis. All tests were two-sided and 
a value of p of <0.05 was considered statistically significant. Data 
analysis was performed using SPSS software (SPSS 26.0; IBM, 
United States) and the figure was designed using RStudio (Version 
1.2.5001; RStudio, United States).

3. Results

The baseline characteristics of the enrolled 112 patients are shown 
in Table 1. The patients in the Delta variant and the original SARS-
CoV-2 groups were matched according to gender and age. The Delta 
variant group exhibited a higher proportion of smoking (12.50% vs. 
1.79%, p = 0.041), as well as lower incidences of fever (30.36% vs. 
71.43%, p < 0.001), fatigue (17.86% vs. 44.64%, p = 0.004), anorexia 
(5.36% vs. 42.86%, p < 0.001), shortness of breath (7.41% vs. 30.36%, 
p = 0.004), and diarrhea (3.57% vs. 23.21%, p = 0.006). The Delta 
variant group also had significantly lower proportions of chest CT 
positive for pneumonia (75.00% vs. 92.86%, p = 0.019) and chest CT 
ground glass opacities (42.86% vs. 69.64%, p = 0.004) compared to the 
original SARS-CoV-2 group. What is particularly noteworthy is that 
the virus shedding time of the Delta variant group was dramatically 
longer than the original SARS-CoV-2 group [41.5 (31.5, 46.75) vs. 18.5 
(13, 25.75) day, p < 0.001], despite a significantly higher vaccination 
rate in the Delta variant group compared to the Original group 
(80.36% vs. 0%, p < 0.001).

The laboratory findings at initial admission of these two groups 
were contrasted (Table 2). Patients in the Delta variant group had 
lower lymphocyte counts (Lys) [0.95 (0.72, 1.36) vs. 1.30 (0.95, 1.73) 
x109/L, p = 0.001], and lower erythrocyte sedimentation rates (ESR) 
[20.50 (12.25, 32.25) vs. 35.00 (18.50, 66.00) mm/h, p = 0.003] than 
those in the original SARS-CoV-2 group. In terms of liver function, 
the total bilirubin (TBil) [8.20 (6.50, 11.20) vs. 10.94 (7.35, 16.51) 
μmol/L, p = 0.009] of the Delta group was significantly lower while 
albumin (Alb) [44.60 (41.05, 45.40) vs. 38.95 (35.95, 42.10) g/L, 
p < 0.001] was significantly higher than the original SARS-CoV-2 
group. With regard to the renal function, cardiac function, and blood 
lipid levels, the Delta variant group showed higher levels of creatinine 
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(Cr) [70.00 (56.28, 82.65) vs. 46.69 (39.86, 57.00) μmol/L, p < 0.001], 
creatine kinase isoenzyme (CK-MB) [10.90 (8.60, 13.48) vs. 8.70 (5.00, 
12.20) U/L, p = 0.015], and high-density lipoprotein (HDL) [1.12 
(0.85, 1.30) vs. 0.81 (0.71, 0.98) mmol/L, p < 0.001], as well as a lower 
level of low-density lipoprotein (LDL) [2.31 (1.90, 2.52) vs. 2.62 (2.13, 
3.20) mmol/L, p < 0.001], compared to the original SARS-
CoV-2 group.

Most important of all, we  conducted correlation analyses to 
identify the potentially relevant factors that may impact virus 
shedding time. As illustrated in Figure 1, the virus strains, Cr and 
CK-MB were positively correlated with virus shedding time. The Delta 
variant was related to the prolonged virus shedding time. The virus 
shedding time was inversely correlated with Lys, TBil, and 
LDL. We further utilized multiple linear regression to determine the 
risk factors for virus shedding time (Table 3). The results indicated 

statistically significant associations between virus shedding time with 
the virus strains, as well as Lys count.

4. Discussion

To the best of our knowledge, this is the first age– and gender-
matched study to compare the differences between the COVID-19 
caused by the Original strain and the Delta variant, which focuses on 
virus shedding time and related factors in patients with COVID-19. 
In the present study, COVID-19 patients infected with the Delta 
variant tended to have fewer gastrointestinal symptoms. More 
significantly, we found that the Delta variant may result in prolonged 
virus shedding, and that lower Lys counts were correlated with a 
longer virus shedding time.

TABLE 1 Baseline characteristics of Delta variant and original SARS-CoV-2 infected patients.

Delta variant
(n =  56)

Original
(n =  56)

p value

Gender [male, n (%)] 34 (60.71%) 34 (60.71%) 1.000

Age [year, median (IQR)] 41 (33.25, 56) 41 (35, 56.5) 0.766

Smoking / [n (%)] 7 (12.50%) 1 (1.79%) 0.041

Drinking / [n (%)] 1 (1.79%) 1 (1.79%) 1.000

Comorbidities

Hypertension / [n (%)] 9 (16.07%) 9 (16.07%) 1.000

Coronary disease / [n (%)] 0 (0%) 0 (0%) –

Diabetes / [n (%)] 6 (10.71%) 3 (5.36%) 0.469

Symptoms

Fever / [n (%)] 17 (30.36%) 40 (71.43%) < 0.001

Fatigue / [n (%)] 10 (17.86%) 25 (44.64%) 0.004

Cough / [n (%)] 41 (73.21%) 44 (78.57%) 0.659

Anorexia / [n (%)] 3 (5.36%) 24 (42.86%) < 0.001

Chills / [n (%)] 6 (10.71%) 8 (14.29%) 0.776

Myalgia / [n (%)] 3 (5.36%) 6 (10.71%) 0.487

Shortness of breath / [n (%)] 4 (7.41%) 17 (30.36%) 0.004

Abdominal pain / [n (%)] 3 (5.36%) 3 (5.36%) 1.000

Sore throat / [n (%)] 12 (21.43%) 12 (21.43%) 1.000

Diarrhea / [n (%)] 2 (3.57%) 13 (23.21%) 0.006

Nausea / [n (%)] 0 (0%) 5 (8.93%) 0.067

Dizziness / [n (%)] 5 (8.93%) 6 (10.71%) 1.000

Headache / [n (%)] 6 (10.71%) 9 (16.07%) 0.580

Vomiting / [n (%)] 1 (1.79%) 5 (8.93%) 0.208

Chest CT with positive pneumonia / [n (%)] 42 (75.00%) 52 (92.86%) 0.019

Chest CT ground glass lesion / [n (%)] 24 (42.86%) 39 (69.64%) 0.004

Corticoid / [n (%)] 6 (10.71%) 15 (26.79%) 0.051

Anti-viral therapy / [n (%)] 30 (53.57%) 21 (37.50%) 0.088

Globulin/ [n (%)] 6 (10.71%) 15 (26.79%) 0.051

Severe disease / [n (%)] 3 (5.36%) 8 (14.29%) 0.204

Virus shedding time [day, median (IQR)] 41.5 (31.5, 46.75) 18.5 (13, 25.75) < 0.001

IQR, interquartile range. Bold values means that p < 0.05 and is statistically significant.
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Consistent with previous studies, the prevalence of smoking 
habits was significantly higher in patients infected with the Delta 
variants than in other variants (18). This suggests that smokers may 
be susceptible to the Delta variant. The study found that the most 
common symptoms of patients infected with the Delta variant were 
cough and fever, compared to the Original SARS-CoV-2, which was 
similar to other studies (19, 20). However, previous studies described 
that the clinical characteristics of patients infected with the Delta 
variant were not significantly different from the symptoms caused by 
other strains (1). In the present study, the patients infected with the 
Delta variant had fewer symptoms of fever, fatigue, shortness of 
breath, and digestive symptoms (anorexia and diarrhea). Furthermore, 
chest CT scans showed fewer cases of pneumonia and ground glass 
opacities, which could make it more indistinguishable from influenza 
and harder for patients to take seriously enough to seek timely medical 
attention. These finding align with a study in Spain, which reported 
that there was a higher prevalence of fever and gastrointestinal 
problems in patients infected with the original variant compared to 
those with the Delta variant. However, patients with the Delta variant 
showed higher neurological symptoms (21). A recent retrospective 
research of 107 patients revealed that the peak of pneumonia occurred 
later in the Delta variant than those with the Original COVID-19 (22), 
whereas our data on chest CT scans were collected upon admission. 
Notably, patients infected with the Delta variant had a significantly 
prolonged virus shedding time, which could lead to persistent medical 
deterioration. Replication-competent SARS-CoV-2 shedding was 
associated with immunocompromised state. Therapy strategies, e.g., 
corticoid and arbidol were also reported as independent risk factors 
for prolonged viral shedding time (9, 12). However, another study 
showed that lack of treatment with Paxlovid was an independent risk 

factor for prolonged viral shedding time (23). COVID-19 patients 
who started antiviral therapy later than 7 days experienced prolonged 
viral shedding time, compared to within 7 days after symptom onset 
(24). Nevertheless, our data did not reveal any significant differences 
in the uses of corticoid and anti-viral therapy between the Delta 
variant group and the original SARS-CoV-2 group, but the data 
collected for this study did not have a breakdown of the different types 
of antiviral drugs nor did it explain at what point viral therapy is 
initiated. Therefore, the present study did not further analyze their 
impact on viral shedding time.

Lymphocyte count is a sensitive indicator for evaluating the 
immune response of the body and a decreased count was correlated 
with disease severity in patients with COVID-19 (11). Our study 
showed that patients infected with the Delta variant had lower 
lymphocyte counts and ESR levels, suggesting that the Delta 
variant may impair immune function and induce a weaker 
non-specific inflammatory response, which may also explain the 
lower proportion of fever in these patients. In addition, 
we observed relatively higher levels of ALB and HDL, along with 
lower levels of TBil and LDL in patients infected with the Delta 
variant compared to those infected with the original SARS-CoV-2. 
Our previous research has shown that low HDL level and high TBil 
level may be  correlated with a poor prognosis in patients with 
original COVID-19 (25, 26). Given the large-scale vaccination 
program that was already underway in China When the Delta 
variant emerged in 2021, the above changes of hematological 
parameters may be explained by the protective effect of vaccines 
(27). Finally, we observed that patients infected with the Delta 
variant tended to have higher levels of Cr and CK-MB, although 
these levels remained within the normal range.

TABLE 2 Laboratory findings of Delta variant and original SARS-CoV-2 infected patients.

Delta variant
(n =  56)

Original
(n =  56)

p value

WBC, x109/L 4.93 (3.82, 5.99) 4.75 (3.97, 5.59) 0.718

Lys, x109/L 0.95 (0.72, 1.36) 1.30 (0.95, 1.73) 0.001

ALT, U/L 23.00 (14.00, 34.00) 16.2 (13.17, 25.96) 0.177

AST, U/L 25.00 (20.00, 32.00) 23.34 (18.07, 32.58) 0.470

TBil, μmol/L 8.20 (6.50, 11.20) 10.94 (7.35, 16.51) 0.009

Alb, g/L 44.60 (41.05, 45.40) 38.95 (35.95, 42.10) < 0.001

CRP, mg/L 9.56 (5.34, 16.97) 10.63 (3.00, 21.45) 0.731

ESR, mm/h 20.50 (12.25, 32.25) 35.00 (18.50, 66.00) 0.003

PCT, nmol/L 0.00 (0.00, 0.04) 0.00 (0.00, 0.05) 0.678

D-dimer, μg/mL 0.30 (0.25, 0.44) 0.23 (0.13, 0.52) 0.163

Cr, μmol/L 70.00 (56.28, 82.65) 46.69 (39.86, 57.00) < 0.001

CK, U/L 68.10 (47.30, 92.43) 63.10 (46.40, 115.55) 0.990

CK-MB, U/L 10.90 (8.60, 13.48) 8.70 (5.00, 12.20) 0.015

TG, mmol/L 1.13 (0.76, 1.74) 1.08 (0.74, 1.54) 0.519

TC, mmol/L 3.68 (3.35, 4.19) 3.77 (3.24, 4.43) 0.882

LDL, mmol/L 2.31 (1.90, 2.52) 2.62 (2.13, 3.20) 0.005

HDL, mmol/L 1.12 (0.85, 1.30) 0.81 (0.71, 0.98) < 0.001

WBC, white blood cell; Lys, lymphocyte; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBil, total bilirubin; CRP, C-reactive protein; PCT, procalcitonin; ESR, erythrocyte 
sedimentation rate; Alb, albumin; Cr, serum creatinine; CK, creatine kinase; CK-MB, creatine kinase isoenzyme; TG, triglyceride; TC, total cholesterol; LDL, low-density lipoprotein; HDL, 
high-density lipoprotein. Bold values means that p < 0.05 and is statistically significant.
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Due to its important significance, we focused on exploring the risk 
factors associated with virus shedding time. It has been reported in 2020 
that virus shedding time is an important factor in assessing transmission 
risk and is associated with fatal outcomes (6). In recent years, numerous 
studies have emerged discussing virus shedding time in COVID-19 
patients since the outbreak of COVID-19. Some studies have found that 
older age (6, 11, 28) and male sex (10, 28) are risk factors for prolonged 
virus shedding time, while others have suggested that females are 
related to prolonged virus shedding time (8, 13). Prospective cohort 
studies have shown that vaccination reduces the risk of Delta variant 

infection and shortens virus shedding time (3, 29). We matched these 
two groups of patients according to age and gender to mitigate potential 
effects and use a multiple linear regression model to further clarify the 
factors that influence virus shedding time and determine their 
relationship. The result showed a linear correlation between viral strain 
and virus shedding time, with significantly prolonged virus shedding 
time in patients with the Delta variant. In addition, immune status also 
can influence the virus shedding (30, 31). For healthy individuals, Delta 
COVID-19 patients with higher levels of immunity recover from the 
virus more quickly and have a shorter virus shedding duration. 

FIGURE 1

The correlation analyses between virus shedding time and other variables. Digits represent Spearman correlation coefficients, filled color indicates a 
significant correlation, blue represents a positive correlation, red represents a negative correlation, and the color’s shade represents the correlation’s 
strength. WBC, White blood cell count; Lys, Lymphocyte; ESR, Erythrocyte sedimentation rate; PCT, Procalcitonin; CRP, C-reactive protein; ALT, Alanine 
aminotransferase; AST, Aspartate aminotransferase; TBil, Total bilirubin; Cr, Creatinine; Chol, Cholesterol; HDL, High density lipoprotein; LDL, Low 
density lipoprotein; TG, Triacylglycerol.

TABLE 3 Multiple linear regression model for virus shedding time of COVID-19 patients.

B SE Beta T p value

COVID-19 strains 15.641 (9.820, 21.462) 2.930 0.524 5.338 < 0.001

Lys −5.087 (−9.660, −0.514) 2.302 −0.196 −2.210 0.030

TBil −0.178 (−0.663, 0.308) 0.244 −0.064 −0.728 0.468

Cr 0.004 (−0.107, 0.115) 0.056 0.007 0.072 0.942

CK-MB 0.001 (−0.379, 0.382) 0.192 0.001 0.007 0.994

LDL 0.766 (−2.650, 4.181) 1.719 0.040 0.445 0.657

Lys, Lymphocyte; TBil, Total bilirubin; Cr, Serum creatinine; CK-MB, Creatine kinase isoenzyme; LDL, Low density lipoprotein. Bold values means that p < 0.05 and is statistically significant.
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Conversely, some studies suggest that immunocompromised 
individuals may shed infectious virus significantly longer not only in 
original but also Delta COVID-19 (31, 32).

It is known to us that the Delta variant exhibits a high level of 
transmission and pathogenicity, along with strong replication ability 
(33, 34). Furthermore, several studies have suggested that the viability 
of the delta variant SARS-CoV-2 is not solely dependent on Ct levels 
(8). Despite varying viral loads among infected individuals, severe 
cases of delta variant infection have been observed to result in 
prolonged virus shedding times. This could potentially be attributed 
to a greater number of mutations and an enhanced ability to evade the 
immune system (35). It is extremely valuable to characterize the virus 
shedding time for the development of effective quarantine guidelines 
and regulations to combat the Delta variant.

Certainly, there are also some limitations regarding the design 
and data in our study. First, it is a retrospective study and analyzed 
the data from a province at different times. Second, the sample size 
of the study is relatively small and it may restrict the ability clarify to 
and confirm differences between the Delta variant and other SARS-
CoV-2 variants. Third, given the greater awareness of COVID-19 
during the Delta wave, patients may have presented earlier and thus 
had a longer observation period resulting in an apparently longer 
duration of viral shedding. Forth, the use of viral shedding as a 
measure of viral viability in COVID-19 patients is not ideal. Viral 
shedding is usually measured by PCR detection of viral nucleic acid. 
However, viral nucleic acid testing does not entirely reflect the 
infectivity of the virus as it cannot differentiate between active and 
non-active virus particles (such as viral fragments) (36). The 
assessment of viral viability entails a holistic evaluation, which 
includes viral nucleic acid test results, the time window of infection, 
and the patients’ immune system (36–38). Lastly, the data collected 
for this study did not have a breakdown of the different types of anti-
viral drugs/ time of anti-viral initiation. Therefore, further well-
designed studies with larger sample sizes are needed to explore 
factors associated with the duration of viral shedding and deeper 
mechanics in patients with COVID-19.

5. Conclusion

COVID-19 patients infected with the Delta variant exhibited 
fewer gastrointestinal symptoms and prolonged virus shedding time 
than those infected with the original SARS-CoV-2. Delta variant and 
fewer lymphocyte were correlated with prolonged virus shedding time.

Data availability statement

The original contributions presented in the study are included in 
the article/supplementary material, further inquiries can be directed 
to the corresponding authors.

Ethics statement

The studies involving human participants were reviewed and 
approved by The Second Xiangya Hospital of Central South University 
and Renmin hospital of Zhangjiajie, Hunan. The patients/participants 
provided their written informed consent to participate in this study.

Author contributions

YZ and JL developed the study design and conducted the analyses. 
FL and JD interpreted the results, reviewed the study design, and 
performed the statistical analyses. CX, GW, MX, and CW acquired 
patient demographic and clinical data. FL, YZ, and JL did the revision 
of the manuscript. All authors contributed to the article and approved 
the submitted version.

Acknowledgments

We thank the participants of the study.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
 1. Zhan Y, Yin H, Yin J-Y. B.1.617.2 (Delta) variant of SARS-CoV-2: features, 

transmission and potential strategies. Int J Biol Sci. (2022) 18:1844–51. doi: 10.7150/
ijbs.66881

 2. Li M, Lou F, Fan H. SARS-CoV-2 variants of concern Delta: a great challenge to 
prevention and control of COVID-19. Signal transduction and targeted. Therapy. (2021) 
6:349. doi: 10.1038/s41392-021-00767-1

 3. Singanayagam A, Hakki S, Dunning J, Madon KJ, Crone MA, Koycheva A, et al. 
Community transmission and viral load kinetics of the SARS-CoV-2 delta (B.1.617.2) 
variant in vaccinated and unvaccinated individuals in the UK: a prospective, 
longitudinal, cohort study. Lancet Infect Dis. (2022) 22:183–95. doi: 10.1016/
S1473-3099(21)00648-4

 4. Jung J, Kim JY, Park H, Park S, Lim JS, Lim SY, et al. Transmission and infectious 
SARS-CoV-2 shedding kinetics in vaccinated and unvaccinated individuals. JAMA Netw 
Open. (2022) 5:e2213606. doi: 10.1001/jamanetworkopen.2022.13606

 5. Park S, Lim SY, Kim JY, Park H, Lim JS, Bae S, et al. Clinical and Virological 
characteristics of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
B.1.617.2 (Delta) variant: a prospective cohort study. Clin Infect Dis. (2022) 75:e27–34. 
doi: 10.1093/cid/ciac239

 6. Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and risk factors for 
mortality of adult inpatients with COVID-19 in Wuhan, China: a retrospective cohort 
study. Lancet. (2020) 395:1054–62. doi: 10.1016/S0140-6736(20)30566-3

 7. Ryoo SM, Kim WY, Sohn CH, Seo DW, Oh BJ, Lee JH, et al. Factors promoting the 
prolonged shedding of the pandemic (H1N1) 2009 influenza virus in patients treated 
with oseltamivir for 5 days. Influenza Other Respir Viruses. (2013) 7:833–7. doi: 10.1111/
irv.12065

 8. Baek Y, Lee Y, Kim J, Lee S, Kim J, Lee E, et al. Prolonged viral shedding in severely 
ill patients infected with SARS-CoV-2 Delta variants: a retrospective cohort study. J 
Infect. (2022) 85:90–122. doi: 10.1016/j.jinf.2022.04.003

https://doi.org/10.3389/fpubh.2023.1132643
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.7150/ijbs.66881
https://doi.org/10.7150/ijbs.66881
https://doi.org/10.1038/s41392-021-00767-1
https://doi.org/10.1016/S1473-3099(21)00648-4
https://doi.org/10.1016/S1473-3099(21)00648-4
https://doi.org/10.1001/jamanetworkopen.2022.13606
https://doi.org/10.1093/cid/ciac239
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1111/irv.12065
https://doi.org/10.1111/irv.12065
https://doi.org/10.1016/j.jinf.2022.04.003


Li et al. 10.3389/fpubh.2023.1132643

Frontiers in Public Health 07 frontiersin.org

 9. Pan Y, Li Q, Yu X, Luo Q, Qin T, Xin N, et al. Retrospective analysis of the effect of 
current clinical medications and clinicopathological factors on viral shedding in 
COVID-19 patients. Biomed Rep. (2020) 13:68. doi: 10.3892/br.2020.1375

 10. Batra A, Clark JR, Kang AK, Ali S, Patel TR, Shlobin NA, et al. Persistent viral RNA 
shedding of SARS-CoV-2 is associated with delirium incidence and six-month mortality 
in hospitalized COVID-19 patients. Geroscience. (2022) 44:1241–54. doi: 10.1007/
s11357-022-00561-z

 11. Feng Z, Li J, Yao S, Yu Q, Zhou W, Mao X, et al. Clinical factors associated with 
progression and prolonged viral shedding in COVID-19 patients: a multicenter study. 
Aging Dis. (2020) 11:1069–81. doi: 10.14336/AD.2020.0630

 12. Kim DY, Lin MY, Jennings C, Li H, Jung JH, Moore NM, et al. Duration of 
replication-competent SARS-CoV-2 shedding among patients with severe or critical 
coronavirus disease 2019 (COVID-19). Clin Infect Dis. (2022) 76:e416–25. doi: 10.1093/
cid/ciac405

 13. Long H, Zhao J, Zeng HL, Lu QB, Fang LQ, Wang Q, et al. Prolonged viral 
shedding of SARS-CoV-2 and related factors in symptomatic COVID-19 patients: a 
prospective study. BMC Infect Dis. (2021) 21:1282. doi: 10.1186/s12879-021-07002-w

 14. Qi L, Yang Y, Jiang D, Tu C, Wan L, Chen X, et al. Factors associated with the 
duration of viral shedding in adults with COVID-19 outside of Wuhan, China: a 
retrospective cohort study. Int J Infect Dis. (2020) 96:531–7. doi: 10.1016/j.ijid.2020.05.045

 15. Li TZ, Cao ZH, Chen Y, Cai MT, Zhang LY, Xu H, et al. Duration of SARS-CoV-2 
RNA shedding and factors associated with prolonged viral shedding in patients with 
COVID-19. J Med Virol. (2021) 93:506–12. doi: 10.1002/jmv.26280

 16. Cao HR, Zhu XY, Zhou L, Zhang H, Gu BB, Tang W, et al. Factors associated with 
delayed viral shedding in COVID-19 infected patients: a retrospective small-scale study. 
Respir Med. (2021) 178:106328. doi: 10.1016/j.rmed.2021.106328

 17. Wei PF. Diagnosis and treatment protocol for novel coronavirus pneumonia (trial 
version 7). Chin Med J. (2020) 133:1087–95. doi: 10.1097/CM9.0000000000000819

 18. Inokuchi R, Jin X, Iwagami M, Sun Y, Sakamoto A, Ishikawa M, et al. Comparison 
of the characteristics and outcomes of COVID-19 patients treated by a hospital-at-home 
Service in Japan during the alpha and Delta waves. J Clin Med. (2022) 11:3185. doi: 
10.3390/jcm11113185

 19. Hu Z, Huang X, Zhang J, Fu S, Ding D, Tao Z. Differences in clinical characteristics 
between Delta variant and wild-type SARS-CoV-2 infected patients. Front Med 
(Lausanne). (2021) 8:792135. doi: 10.3389/fmed.2021.792135

 20. Xiang KH, Yao YZ, Tang H, Tian F, Gu YF, Tian JX, et al. Clinical characteristics 
of 76 patients with SARS-CoV-2 Delta variant infection in Zhangjiajie City. Chin J Infect 
Control. (2021) 20:984–90. doi: 10.12138/j.issn.1671-9638.20211938

 21. Fernández-De-Las-Peñas C, Cancela-Cilleruelo I, Rodríguez-Jiménez J, Gómez-
Mayordomo V, Pellicer-Valero OJ, Martín-Guerrero JD, et al. Associated-onset 
symptoms and post-COVID-19 symptoms in hospitalized COVID-19 survivors infected 
with Wuhan, alpha or Delta SARS-CoV-2 variant. Pathogens. (2022) 11:725. doi: 
10.3390/pathogens11070725

 22. Bai N, Lin R, Wang Z, Cai S, Huang J, Su Z, et al. Exploring new characteristics: 
using deep learning and 3D reconstruction to compare the original COVID-19 and its 
Delta variant based on chest CT. Front Mol Biosci. (2022) 9:836862. doi: 10.3389/
fmolb.2022.836862

 23. Zhong W, Yang X, Jiang X, Duan Z, Wang W, Sun Z, et al. Factors associated with 
prolonged viral shedding in older patients infected with omicron BA.2.2. Front. Public 
Health. (2022) 10:1087800. doi: 10.3389/fpubh.2022.1087800

 24. Fu Y, Han P, Zhu R, Bai T, Yi J, Zhao X, et al. Risk factors for viral RNA 
shedding in COVID-19 patients. Eur Respir J. (2020) 56:2001190. doi: 
10.1183/13993003.01190-2020

 25. Deng J, Zhang S, Peng F, Zhang Q, Li Y, Zhong Y. The association between FT3 
with the outcome and inflammation/coagulopathy/fibrinolysis of COVID-19. Front 
Endocrinol. (2022) 13:877010. doi: 10.3389/fendo.2022.877010

 26. Wang G, Zhang Q, Zhao X, Dong H, Wu C, Wu F, et al. Low high-density 
lipoprotein level is correlated with the severity of COVID-19 patients: an 
observational study. Lipids Health Dis. (2020) 19:204. doi: 10.1186/s12944- 
020-01382-9

 27. Dhawan M, Sharma A, Priyanka TN, Thakur N, Rajkhowa TK, Choudhary OP. 
Delta variant (B.1.617.2) of SARS-CoV-2: mutations, impact, challenges and possible 
solutions. Hum Vaccin Immunother. (2022) 18:2068883. doi: 10.1080/21645515. 
2022.2068883

 28. Zheng S, Fan J, Yu F, Feng B, Lou B, Zou Q, et al. Viral load dynamics and disease 
severity in patients infected with SARS-CoV-2 in Zhejiang province, China, January-
march 2020: retrospective cohort study. BMJ. (2020) 369:m1443. doi: 10.1136/bmj.
m1443

 29. Chia PY, Ong SWX, Chiew CJ, Ang LW, Chavatte JM, Mak TM, et al. Virological 
and serological kinetics of SARS-CoV-2 Delta variant vaccine breakthrough infections: 
a multicentre cohort study. Clin Microbiol Infect. (2022) 28:612.e1–7. doi: 10.1016/j.
cmi.2021.11.010

 30. Wang P, Nair MS, Liu L, Iketani S, Luo Y, Guo Y, et al. Antibody resistance of 
SARS-CoV-2 variants B.1.351 and B.1.1.7. Nature. (2021) 593:130–5. doi: 10.1038/
s41586-021-03398-2

 31. Avanzato VA, Matson MJ, Seifert SN, Pryce R, Williamson BN, Anzick SL, et al. 
Case study: prolonged infectious SARS-CoV-2 shedding from an asymptomatic 
immunocompromised individual with Cancer. Cells. (2020) 183:1901–1912.e9. doi: 
10.1016/j.cell.2020.10.049

 32. Niyonkuru M, Pedersen RM, Assing K, Andersen TE, Skov MN, Johansen IS, 
et al. Prolonged viral shedding of SARS-CoV-2  in two immunocompromised 
patients, a case report. BMC Infect Dis. (2021) 21:743. doi: 10.1186/
s12879-021-06429-5

 33. Plante JA, Liu Y, Liu J, Xia H, Johnson BA, Lokugamage KG, et al. Spike mutation 
D614G alters SARS-CoV-2 fitness. Nature. (2021) 592:116–21. doi: 10.1038/
s41586-020-2895-3

 34. Volz E, Hill V, McCrone JT, Price A, Jorgensen D, O'Toole A, et al. Evaluating the 
effects of SARS-CoV-2 spike mutation D614G on transmissibility and pathogenicity. 
Cells. (2021) 184:64–75. doi: 10.1016/j.cell.2020.11.020

 35. Planas D, Veyer D, Baidaliuk A, Staropoli I, Guivel-Benhassine F, Rajah MM, et al. 
Reduced sensitivity of SARS-CoV-2 variant Delta to antibody neutralization. Nature. 
(2021) 596:276–80. doi: 10.1038/s41586-021-03777-9

 36. Wolfel R, Corman VM, Guggemos W, Seilmaier M, Zange S, Muller MA, et al. 
Virological assessment of hospitalized patients with COVID-2019. Nature. (2020) 
581:465–9. doi: 10.1038/s41586-020-2196-x

 37. He X, Lau EHY, Wu P, Deng X, Wang J, Hao X, et al. Temporal dynamics in viral 
shedding and transmissibility of COVID-19. Nat Med. (2020) 26:672–5. doi: 10.1038/
s41591-020-0869-5

 38. Sette A, Crotty S. Pre-existing immunity to SARS-CoV-2: the knowns and 
unknowns. Nat Rev Immunol. (2020) 20:457–8. doi: 10.1038/s41577-020-0389-z

https://doi.org/10.3389/fpubh.2023.1132643
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.3892/br.2020.1375
https://doi.org/10.1007/s11357-022-00561-z
https://doi.org/10.1007/s11357-022-00561-z
https://doi.org/10.14336/AD.2020.0630
https://doi.org/10.1093/cid/ciac405
https://doi.org/10.1093/cid/ciac405
https://doi.org/10.1186/s12879-021-07002-w
https://doi.org/10.1016/j.ijid.2020.05.045
https://doi.org/10.1002/jmv.26280
https://doi.org/10.1016/j.rmed.2021.106328
https://doi.org/10.1097/CM9.0000000000000819
https://doi.org/10.3390/jcm11113185
https://doi.org/10.3389/fmed.2021.792135
https://doi.org/10.12138/j.issn.1671-9638.20211938
https://doi.org/10.3390/pathogens11070725
https://doi.org/10.3389/fmolb.2022.836862
https://doi.org/10.3389/fmolb.2022.836862
https://doi.org/10.3389/fpubh.2022.1087800
https://doi.org/10.1183/13993003.01190-2020
https://doi.org/10.3389/fendo.2022.877010
https://doi.org/10.1186/s12944-020-01382-9
https://doi.org/10.1186/s12944-020-01382-9
https://doi.org/10.1080/21645515.2022.2068883
https://doi.org/10.1080/21645515.2022.2068883
https://doi.org/10.1136/bmj.m1443
https://doi.org/10.1136/bmj.m1443
https://doi.org/10.1016/j.cmi.2021.11.010
https://doi.org/10.1016/j.cmi.2021.11.010
https://doi.org/10.1038/s41586-021-03398-2
https://doi.org/10.1038/s41586-021-03398-2
https://doi.org/10.1016/j.cell.2020.10.049
https://doi.org/10.1186/s12879-021-06429-5
https://doi.org/10.1186/s12879-021-06429-5
https://doi.org/10.1038/s41586-020-2895-3
https://doi.org/10.1038/s41586-020-2895-3
https://doi.org/10.1016/j.cell.2020.11.020
https://doi.org/10.1038/s41586-021-03777-9
https://doi.org/10.1038/s41586-020-2196-x
https://doi.org/10.1038/s41591-020-0869-5
https://doi.org/10.1038/s41591-020-0869-5
https://doi.org/10.1038/s41577-020-0389-z

	The differences in virus shedding time between the Delta variant and original SARS-CoV-2 infected patients
	1. Introduction
	2. Methods and materials
	2.1. Design and participants
	2.2. Reverse transcription polymerase chain reaction
	2.3. Data collection
	2.4. Statistical analyses

	3. Results
	4. Discussion
	5. Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher’s note

	References

