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ABSTRACT: Background: The strains of COVID-19 are constantly mutating, and the effectiveness of Chinese inactivated vaccines
against the COVID-19 Delta variant has not been described clearly. Methods: The clinical data of patients with the COVID-19
Delta variant in the 2021 Nanjing outbreak were retrospectively reviewed. Results: There were 212 patients with the COVID-19
Delta variant (unvaccinated, n = 56, 26.42%; vaccinated, n = 156, 73.58%) included in our cohort study. The median age was 45.5
(38, 53) years old. Eighty-seven subjects (41.04%) were airport staff, and 94 patients (44.34%) in 32 families were infected. There
were 53 (25.00%) and 103 (48.58%) cases with one-dose and two-dose vaccination, respectively, and 55 (25.94%), 147 (69.34%)
and 10 (4.72%) had mild, moderate and severe symptoms, respectively. The duration of viral shedding, or viral shedding time
(VST), was significantly longer in unvaccinated individuals compared to vaccinated individuals (p = 0.0008). Moreover, the
duration was significantly longer in patients who received one vaccine dose than those who received two doses (p < 0.0001). The
mild patients had significantly shorter VSTs than the moderate subjects (p < 0.0001). Disease severity and vaccination dose were
independent predictors for VST by Cox regression models. Conclusions: These results suggest that two-dose vaccination could
reduce VST in patients with the COVID-19 Delta variant. Chinese inactivated vaccines may decrease the disease severity of cases
with the COVID-19 Delta variant.
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1. Introduction

The emergence of the coronavirus disease 2019 (COVID-19) has led to a global crisis with significant
consequences. The latest reports from the World Health Organization (WHO), as of 13 August 2024, revealed a total
of 541 million confirmed cases and nearly 6.3 million deaths [1]. COVID-19 is caused by SARS-CoV-2, an RNA virus
frequently mutates during replication. Among the countless mutations that have occurred, several variants of concern
(VOCs) have been specifically identified, namely: Alpha (B.1.1.7), Beta (B.1.351), Gamma (P.1), Delta (B.1.617.2)
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and Omicron (B.1.1.529)[2,3]. B.1.617.2 was initially reported in India and then spread worldwide in 2021. It possesses
2 key mutations (L452R and E484Q) in the receptor-binding domain, enabling it to evade neutralizing antibodies [4].
In comparison to the alpha and beta variants, the delta variant results in higher viral loads and higher transmissibility [5].

Vaccination plays a pivotal role in effectively safeguarding individuals against severe COVID-19 by stimulating
the production of neutralizing antibodies and potentially inducing cytotoxic T lymphocytes [6]. However, it is crucial
to acknowledge that the Delta variant exhibits a diminished sensitivity to serum-neutralizing antibodies derived from
recovered individuals and those who have received COVID-19 vaccines compared to other variants at the time of this
study [7]. Consequently, unvaccinated individuals face a higher risk of hospitalization and requiring emergency medical
care [8]. Nevertheless, it is important to highlight that COVID-19 vaccines offer substantial protection against the Delta
variant when individuals complete their full vaccination regimen. Studies indicate that achieving full vaccination can
potentially reduce the risk of infection and symptomatic disease by approximately 20—30% after a period of 6 months
[9,10]. Inactivated COVID-19 vaccines that were developed in China have consistently shown efficacy in combination
with good safety and tolerability profiles. Similar encouraging results have also been reported in trials conducted in
Turkey [11-13].

Despite the extensive research conducted on COVID-19 vaccines, there remains a significant gap in our
understanding of the duration required for viral clearance in individuals who have received inactivated vaccines. To
bridge this knowledge gap, our study aimed to fill this void by analyzing the clinical data of 212 patients infected with
the Delta variant of COVID-19. Our primary objective was to assess the effectiveness of Chinese COVID-19 vaccines
against the Delta variant by examining viral shedding time (VST) during the Nanjing outbreak in the summer of 2021.
Through this research, we aim to contribute to a more comprehensive understanding of the efficacy of Chinese COVID-
19 vaccines in combatting the Delta variant, thus informing future vaccination strategies and public health interventions.

2. Materials and Methods
2.1. Study Population

This cohort study included 212 patients with the COVID-19 Delta variant from Lishui District Traditional Hospital
of Chinese Medicine in the summer of 2021. All patients were transferred from the Nanjing Public Health Center for
centralized observation. They met the following discharge criteria from the Nanjing Public Health Center: (O Their
temperature was normal for more than 3 days; @ Their respiratory symptoms and acute lung lesions on chest imaging
were improved; and 3 Their tests for COVID-19 mRNA were negative two times at least every 24 h [14]. The
participants in this study were divided into two main groups: the unvaccinated group and the vaccinated group. The
vaccinated group was further stratified into two subgroups based on the number of vaccine doses received: one-dose
vaccinated and two-dose vaccinated subgroups. All vaccines administered to the patients in this study were inactivated
vaccines manufactured by Chinese companies, including Sinovac Life Sciences Co., Ltd., Beijing, China, Beijing
Institute of Biological Products Co., Ltd., Beijing, China and Anhui Zhifei Longcom Biopharmaceutical Co., Ltd., Hefei,
China. The study protocol was reviewed and approved by the Ethics Committee of Lishui District Traditional Hospital
of Chinese Medicine in accordance with the principles outlined in the Declaration of Helsinki (1989) (Approval No.
2021LCGCO001). Prior to their participation, all patients provided informed consent by signing the consent forms.

2.2. Clinical Patterns of Disease Severity

The confirmed positive patients were classified into four categories of disease severity (mild, moderate, severe,
and critical) according to the updated eighth version of China's COVID-19 prevention and control protocol [14]. The
mild clinical pattern was defined as mild clinical symptoms, and there was no pneumonia on chest imaging. The
moderate clinical pattern presented as fever, respiratory system symptoms, and pneumonia on chest imaging. The severe
pattern needed to meet any of the following criteria: respiratory rate >30/min, resting oxygen saturation <93%, and
oxygenation index <300 mmHg. The critical pattern included any of the following conditions: respiratory failure and
requiring mechanical ventilation, shock or other organ failure requiring admission to the ICU [14,15]. Regarding the
above items, our study had no patients with critical patterns.
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2.3. Definition of COVID-19 Delta Variant Shedding Time

The cycle threshold (CT) value of COVID-19 Delta mRNA lower than (<) 35 was identified as positive, and above
(>) 35 was considered negative by real-time polymerase chain reaction (RT-PCR) tests with samples of oropharyngeal
or nasopharyngeal swabs. All patients in Lishui Hospital of Traditional Chinese Medicine were transferred from
Nanjing Public Health Center if they met the following three criteria [14]. They needed to take at least 3 tests for
COVID-19 mRNA during the following 2 weeks (the 7th, 12th and 13th days after the transfer). They would have to
be isolated for another 13 days with another 3 tests if one test came back positive. Until they had three negative tests on
the 7th, 12th and 13th days after their last positive COVID-19 mRNA test, they were transferred to a hotel for another
2 weeks of observation with a COVID-19 mRNA test once a week. If these tests were negative, they would go home
and continue observation for one month, taking tests once a week. If any test while in the hotel was found to be positive,
they would transfer to the Nanjing Public Health Center again for additional isolation and tests according to the above rules.

The VST, which is the time from positive to negative mRNA tests, was defined from the first day of a positive test
to the following 13th day or the last day of a positive test plus an additional 13 days (Figure 1A-D).

The flow chart of cases transferred and negative or relapsing-positive mRNA tests is shown in Supplemenatry
Figure S1. There were 143 (67.45%) cases relapsed to positive and 9 (4.25%) without an exact VST due to loss of
follow-up in our study.
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Figure 1. Definition of COVID-19 Delta Viral Shedding Time (VST). VSTs and transfer locations for (A) 69 individuals without
re-positive results; and 143 individuals with re-positive results: (B) 87 in hospital, (C) 19 in hotel, and (D) 37 in both settings.

Viral shedding time

2.4. Clinical Data Collection

The demographic data (sex, age, smoking history and occupational exposure), COVID-19 vaccination (date, doses
of vaccination and manufacturer), epidemiology (family cluster outbreak and date of each COVID-19 mRNA test) and
clinical characteristics (symptoms, clinical pattern of disease severity and complication) were collected from the
electronic medical records (EMR) and follow-up by telephone. The deadline for follow-up was 31 December 2021. No
cases had died from COVID-19 infection by the end of the follow-up. Two senior radiologists reviewed and evaluated
the radiological findings of chest computed tomography (CT) separately.
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2.5. Statistical Analysis

Continuous variables are presented as the median (interquartile range) or mean + standard deviation (SD), and
categorical variables are expressed as numbers (%). Categorical variables were assessed by chi-square (?) or Fisher
exact tests, and continuous variables were evaluated by independent samples ¢ tests, Mann—Whitney U tests or one-way
ANOVA tests. The bivariate correlation analysis between the number of vaccinations and disease severity was assessed
using a Spearman correlation test. Univariate and multivariate Cox regression models were performed to examine the
predictors of the time from positive to negative COVID-19 mRNA after diagnosis with a p-value < 0.05. Statistical analyses
were performed using Prism version 9 (GraphPad, San Diego, CA, USA). p <0.05 was considered statistically significant.

3. Results
3.1. Time-Series Plots of COVID-19 Patients with Delta Variants in the 2021 Summer Nanjing Outbreak

The Nanjing outbreak of COVID-19 began on 19 July 2022. The daily increase in the number of patients peaked
on 26 July, and community transmission was stopped on 17 August. This local epidemic of patients with positive
COVID-19 lasted for a month (Figure 2A). After 18 August, the COVID-19 mRNA tests of patients gradually became
negative, and the negative cases peaked after 1 month. All cases were negative by 27 November (Figure 2B). The
epidemic outbreak in the airport ended after 4 months.
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Figure 2. Time-series plots of patients with COVID-19 Delta variant in 2021 Summer Nanjing outbreak. (A): The outbreak
time of COVID-19 Delta. (B): The time of negative COVID-19 mRNA tests.

3.2. Baseline Clinical Characteristics

There were 212 patients with the COVID-19 Delta variant (unvaccinated, n = 56, 26.41%; one-dose vaccinated, n
=53, 25.00%; and two-dose vaccinated, n = 128, 48.58%) included in this cohort study. The median age was 45.5 (38,
53) years old, and 59.91% (n = 127) of the patients were women (Table 1 and Figure 3A). Eighty-seven cases (41.04%)
were airport staff, and 32 families with 94 cases (44.34%) in the cluster were infected (average infected cases 3.1 per
person) in the local outbreak. There were 55 (25.94%), 147 (69.34%) and 10 (4.72%) mild, moderate and severe cases,
respectively (Table 1 and Figure 3B). The differences in age distribution, occupational exposure, family cluster
outbreaks and VST were significant between the unvaccinated and vaccinated cases (p < 0.001, p < 0.001, p < 0.001
and p < 0.001, respectively). There were no significant differences in sex, smoking history, clinical disease severity,
complications at different time points (p = 0.623, p = 0.893, p = 0.607 and p = 0.934, respectively) between the two
groups of subjects (Table 1 and Figure 3C).

By comparing the clinical data of patients between the one-dose and two-dose vaccinated subgroups, the
differences in age, occupational exposure, family cluster outbreaks, clinical disease severity and VST were significant
(» <0.001, p <0.001, p <0.001, p=0.009 and p < 0.001, respectively) (Table 2). However, there were no significant
differences in sex, complications or smoking history at the different time points (p = 0.659, p = 0.465 and p = 0.944,
respectively) (Table 2 and Figure 3D).

The bivariate correlation analysis showed that the number of vaccine doses was negatively correlated with the
clinical patterns (disease severity) in subjects with the COVID-19 Delta variant. Still, the difference was insignificant
(r=-0.121, p = 0.078) (not shown).
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Figure 3. The vaccination status and disease severity in 212 patients with COVID-19 Delta variant. (A): The numbers of
patients with COVID-19 Delta variant in different vaccination status. (B): The numbers of subjects with COVID-19 Delta variant
in different disease severity. (C): Comparison of the percentages among cases with different disease severity between unvaccinated
and vaccinated groups. (D): Comparison of percentages among cases with different disease severity between one-dose and two-
dose vaccinated subgroups.

Table 1. Baseline clinical features of 212 patients with COVID-19 Delta variant.

Overall Cases Unvaccinated Vaccinated

Clinical Variables n (%) n (%) n (%) p Value
Gender (n)
Male 85 (40.09) 24 (42.86) 61 (39.10) 0.623
Female 127 (59.91) 32 (57.14) 95 (60.90)
Age (years old)
Median (IQR) 45.5 (38, 53) 41.0 (15.5, 65) 46.0 (40.5, 52) 0.640
<18 18 (8.49) 14 (25.00) 4 (2.56) <0.001
19-59 161 (75.94) 23 (41.07) 138 (88.46)
>60 33 (15.57) 19 (33.93) 14 (8.97)
Occupational Exposure
Airport staff 87 (41.04) 0(0) 87 (55.77) <0.001
Non-airport staff 125 (58.96) 56 (100.0) 69 (44.23)
Family cluster outbreak
Yes 94 (44.34) 37 (66.07) 57 (36.54) <0.001
No 118 (55.66) 19 (33.93) 99 (63.46)
Smoking
Yes 12 (5.71) 3 (5.36) 9 (5.84) 0.893
No 198 (94.29) 53 (94.64) 145 (94.16)
Complication
Yes 105(49.53) 28 (50.00) 79 (50.64) 0.934
No 107 (50.47) 28 (50.00) 77 (49.36)
Clinical patterns
Mild 55(25.94) 14 (25.00) 41 (26.28) 0.607
Moderate 147 (69.34) 38 (67.86) 109 (69.87)
Severe 10 (4.72) 4(7.14) 6 (3.85)
Viral shedding time (days)
Median (IQR) 53 (44, 67) 60 (47, 86) 52 (42, 63) 0.059
<30 19 (9.36) 2 (3.77) 17 (11.33) <0.001
31-60 115(56.65) 25 (47.17) 90 (60.00)
61-90 52 (25.62) 14 (26.42) 38 (25.33)

>91 17 (8.37) 12 (22.64) 5(3.33)
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Table 2. Baseline clinical characteristics in 156 vaccinated patients.

Clinical Variables One-Dose Vaccinated (n, %) Two-Dose Vaccinated (r, %) p Value
Gender (n)
Male 22 (41.51) 39 (37.86) 0.659
Female 31 (58.49) 64 (62.13)
Age (years old)
Median (IQR) 50 (41, 59) 45 (39, 50) 0.070
<18 3 (5.66) 1(0.97) <0.001
19-59 38 (71.70) 100 (97.09)
>60 12 (22.64) 2 (1.94)
Exposure environment
Airport staff 14 (26.42) 73 (70.87) <0.001
Non-airport staff 39 (73.58) 30 (29.13)
Family cluster outbreak
Yes 30 (56.60) 27 (26.21) <0.001
No 23 (43.40) 76 (73.79)
Complication
Yes 29 (67.44) 50 (48.54) 0.465
No 14 (32.56) 53 (51.46)
Smoking history
Yes 3 (5.66) 6 (5.94) 0.944
No 50 (94.34) 95 (94.06)
Clinical pattern
Mild 9 (16.98) 32 (31.07) 0.009
Moderate 39 (73.58) 70 (67.96)
Severe 5(9.43) 1 (0.97)
Viral shedding time (days)
Median (IQR) 62 (49, 81) 50 (39, 55) <0.001
<30 3 (5.88) 14 (14.14) <0.001
31-60 21 (41.18) 69 (69.70)
61-90 22 (43.14) 16 (16.16)
>91 5(9.80) 0 (0.00)

3.3. The VST Can Be Considered the Period That an Individual Can Be Contagious

In our study, viral mRNA tests of 143 cases (67.45%) became positive again after an initial negative assessment.
To accurately assess VST, there is a need to prolong the isolated observation period and increase the frequency of viral
mRNA tests. The range of VST was from 20 to 132 days, and the median VST was 53 days in our cohort study.

The difference in VST was not significant between unvaccinated and vaccinated subjects (68.30 £ 26.24 vs. 53.26
+ 18.04 days, p = 0.0008) (Figure 4A). Still, the VST in one-dose vaccinated patients was significantly longer than that
in two-dose vaccinated cases (63.61 + 20.72 vs. 47.93 £ 13.83 days, p < 0.001) (Figure 4B). Significant differences in
VST were observed among the three clinical pattern subgroups (p < 0.001), with significantly shorter VST in mild
patients than in moderate cases (44.56 + 15.81 vs. 59.96 + 20.06 days, p < 0.0001) and significantly shorter VST in
moderate patients than in severe cases (44.56 + 15.81 vs. 93.63 = 22.42 days, p = 0.0003) (Figure 4C). Additionally,
VST was significantly longer in female and family cluster cases than in male and nonfamily cluster subjects (61.58 +
22.03 vs. 50.29 £+ 18.81 days, p = 0.0002 and 62.24 + 24.27 vs. 52.92 + 17.88, p = 0.0285, respectively) (Figure 4D,E).
However, there were no significant differences in VST between airport and non-airport staff or among different age
subgroups (p = 0.1282 and 0.1789, respectively) (Figure 4F,G).
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Figure 4. Comparison of VST in different clinical subgroups. (A): Between patients with vaccinated and unvaccinated patients
(» <0.0001. (B): Between one-dose and two-dose vaccinated subjects (p < 0.0001). (C): In patients with different disease severities
(Between the Mild and Moderate, p < 0.0001; Between the Mild and Severe, p < 0.0001; Between the Moderate and Severe, p =
0.0003). (D): Between male and female subjects (p = 0.0002). (E): Between family and non-family cluster outbreak subjects (p =
0.0285). (F): Between airport staff and non-airport staff (p = 0.1282). (G): In different age subgroups (all p > 0.05).

3.4. The Predictive Factors for VST in Patients with the COVID-19 Delta Variant

At 30 days after a COVID-19 Delta variant infection diagnosis, sex, clinical pattern of disease severity and
vaccination dose were independent predictive factors for VST by multivariate Cox models. Family cluster, clinical
pattern, vaccination dose and vaccination status were independent factors for VST according to multivariate Cox
regression at 50 days after diagnosis. Additionally, at 70 days after diagnosis, family cluster, clinical pattern, vaccination
dose, and vaccination status were also found to be associated with VST (Table 3).

Table 3. Cox regression analysis of the factors for VST in patients with COVID-19 Delta variant. HR, Hazard Ratio; 95% CI,
95% Confidence Interval.

Clinical Variables Univariate Cox Model Multivariate Cox Model
HR 95% CI p Value HR 95% CI p Value

30 days after diagnosis

Gender 0.574 0.347-0.950 0.031 0.531 0.318-0.886 0.015
Clinical pattern of disease severity 0.532 0.324-0.874 0.013 0.549 0.333-0.904 0.019
Two-dose vaccinated 1.372 0.998-1.886 0.052 1.436 1.436-1.979 0.027
50 days after diagnosis

Family cluster outbreak 0.582 0.369-0.917 0.02 0.813 0.502-1.318 0.401
Clinical pattern of disease severity 0.546 0.350-0.851 0.008 0.540 0.339-0.860 0.010
Two-dose vaccinated 1.953 1.445-2.638 <0.001 2.112 1.226-3.637 0.007
vaccinated or not 2.334 1.3264.108 0.003 0.741 0.263-2.086 0.570
70 days after diagnosis

Family cluster outbreak 0.412 0.212-0.798 0.009 0.818 0.364-1.839 0.628
Clinical pattern of disease severity 0.308 0.139-0.680 0.004 0.190 0.072-0.507 0.001
Two-dose vaccinated 2.685 1.595-4.521 <0.001 5.952 1.908-18.571 0.002
vaccinated or not 2.155 1.145-4.057 0.017 0.393 0.093-1.657 0.203

From the above results, we found that clinical pattern of disease severity and vaccination dose were closely related
to VST after diagnosis of COVID-19 Delta variant infection (Table 3).

Our data analysis revealed that several factors were independently associated with VST among individuals diagnosed
with the COVID-19 Delta variant. Specifically, at 30 days after diagnosis, factors such as sex, clinical pattern of disease
severity, and vaccination dose emerged as significant predictors of VST. Similarly, at 50 and 70 days after diagnosis,
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family cluster, clinical pattern, vaccination dose, and vaccination status were identified as independent factors associated
with VST. These findings, as summarized in Table 3, highlight the importance of considering the clinical pattern of disease
severity and the vaccination dose in relation to VST in individuals infected with the COVID-19 Delta variant.

4. Discussion

In our study, there were 212 patients with the COVID-19 Delta variant in the summer of 2021 during the Nanjing
outbreak, including 56 unvaccinated, 53 one-dose vaccinated and 103 two-dose vaccinated cases. The VST was
significantly shorter in the vaccinated subgroups, particularly those who had received two doses, and in the mild, male,
and nonfamily cluster subgroups, compared to their counterparts. Moreover, it was observed that patients with mild
symptoms had significantly shorter VSTs than those with moderate symptoms. In comparison, patients with moderate
symptoms had significantly shorter VSTs than those with severe symptoms. Furthermore, Cox regression models
indicated that both disease severity and vaccination dosage were independent predictors of VST. These findings suggest
that inactivated vaccines manufactured in China may contribute towards reducing disease severity and that receiving
two doses of the vaccine can help reduce VSTs in patients with the COVID-19 Delta variant.

Family clusters of infection have emerged as a major mode of COVID-19 transmission worldwide [16]. Within
households, age and the presence of multiple comorbid conditions have been identified as risk factors associated with
higher transmission rates [17]. The secondary attack rate of SARS-CoV-2 within households has been estimated at 16.3%
[18]. Furthermore, completing the full vaccination schedule has been shown to reduce transmission of the Delta variant
and lower the secondary attack rate among household contacts [19]. In our study, a significant proportion (44.34%) of
cases were part of family cluster outbreaks involving 32 families with a total of 94 cases (an average of 2.94 infected
cases per person in household transmission). Among the subjects in our study, 41.04% were airport staff. Notably, the
majority of cases (95.28%) exhibited mild to moderate symptoms in our study. Some studies [15,20,21] have found that
individuals infected with the COVID-19 Delta variant experienced a significantly decreased proportion of severe cases
compared to those infected with the alpha variant, which contrasts with the symptoms commonly reported by alpha
variant patients, such as fatigue, muscle weakness, sleep difficulties, and anxiety or depression, persisting even 6 months
after acute infection. However, other studies ref. [22,23] have reported that Delta led to more severe disease than Alpha,
while some [24] found no significant difference in disease severity between the two variants. Thus, the variability
underscores the need for further research to clarify the impact of different variants on disease severity. A cohort study
conducted in the UK revealed that fully vaccinated individuals who experienced breakthrough infections had peak viral
loads similar to those of unvaccinated cases, suggesting the potential for transmission within their family [25].
Interestingly, the percentage of cases within family clustering outbreaks in our study was higher than that observed
among household contacts in the UK. However, the differences in disease severity between the vaccinated and
unvaccinated groups were not statistically significant, aligning with the findings from the UK study [25]. These findings
suggest that while the COVID-19 Delta variant may exhibit higher infectiousness, it appears to be less virulent in terms
of disease severity. This reinforces the importance of vaccination in mitigating the impact of the variant and preventing
severe illness.

Low Ct values obtained from RT-PCR diagnostic tests have been linked to higher virus growth in cell culture,
suggesting that individuals with lower Ct values can be infectious with prolonged viral RNA shedding [26]. Notably, a
prospective cohort study showed that the Delta variant is associated with more severe symptoms and a longer duration
of viral shedding compared to non-Delta variants [27]. A published study observed that individuals infected with the
Delta variant who had received inactivated vaccines exhibited a shorter duration of viral shedding compared to
unvaccinated individuals. Additionally, the clinical presentation of disease in vaccinated individuals was primarily
asymptomatic or mild. The median duration of viral shedding in breakthrough infections was only 3 days, whereas it
was 11 days in the unvaccinated group. Importantly, the duration of viral shedding in breakthrough infections was
significantly shorter than in the unvaccinated group [28]. Adding to the growing body of evidence, an epidemiological
investigation conducted in China found that the median shedding interval for the Delta variant was 12 days in
asymptomatic/mild cases and 19 days in moderate/severe cases [29]. These studies highlight the complex interplay
between vaccination, disease severity, and viral shedding dynamics in individuals infected with the Delta variant.
Vaccination contributes to shorter viral shedding periods and helps reduce the severity of symptoms, emphasizing the
importance of widespread vaccination efforts in controlling the spread of the Delta variant.

In our study, we observed a frequent reversion to positive results in COVID-19 Delta mRNA tests, with 67.45%
of patients displaying a positive result after initially testing negative. This suggests that determining the exact duration
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of viral shedding requires longer observation and follow-up of these patients. To capture a more comprehensive picture
of viral shedding, we extended our cohort's follow-up time for viral mRNA tests. Through repeated COVID-19 mRNA
testing, we found that the VST range among the 212 patients infected with the COVID-19 Delta variant was between
20 and 132 days, with amedian VST of 53 days. Interestingly, when comparing the unvaccinated and vaccinated groups,
the median VST did not differ significantly (p = 0.059), but there was a notable difference in the distribution of VST (p
<0.001). Among vaccinated individuals, those who had received only one dose exhibited a significantly longer median
VST (62 days, p <0.001) compared to those who had received two doses (50 days). Furthermore, our analysis revealed
a significant trend (p = 0.009), indicating a negative correlation between vaccination dose and disease severity in
subjects infected with the COVID-19 Delta variant. This suggests that a higher vaccination dose may contribute to
mitigating the severity of the disease. These findings emphasize the importance of considering the duration of viral
shedding and the potential impact of vaccination in managing patients with the COVID-19 Delta variant. Prolonged
viral shedding highlights the need for continued monitoring and adherence to infection control measures. At the same
time, the correlation between vaccination dose and disease severity suggests the potential benefits of a robust
vaccination strategy.

The effectiveness of COVID-19 vaccines in preventing infection and severe disease has been well-established,
with two doses proving more effective than a single dose in countering the Delta variant [10]. Building upon this
knowledge, our study specifically examined the impact of Chinese inactivated vaccines against COVID-19 on VST and
disease severity in patients infected with the COVID-19 Delta variant.

The results from our analysis demonstrated that Chinese inactivated vaccines contributed to a reduction in VST
among patients with the Delta variant, thereby indicating a more rapid clearance of the virus. Additionally, using these
vaccines was associated with a mitigation of disease severity in affected individuals. This finding further emphasizes
the beneficial effects of the vaccines in attenuating the impact of the Delta variant on patients’ health.

However, it is important to note that despite the positive impact of vaccination, the COVID-19 Delta variant is
known to exhibit increased infectivity compared to previous variants, necessitating an extended duration of isolation
for infected individuals. This highlights the ongoing challenges the Delta variant poses and underscores the need for
continued preventive measures and vigilance in managing its spread.

A comprehensive report by the World Health Organization (WHO) revealed that over 166 COVID-19 vaccine
candidates were in clinical development, with 22 of them being inactivated vaccines in the clinical phase [30]. Notably,
a previous study demonstrated that a single dose of the vaccine provided approximately 80% effectiveness in preventing
hospital admission and death specifically associated with the alpha variant [31]. Subsequent clinical trials further
confirmed that the effectiveness of a single dose decreased to 30.7% against the Delta variant, while the effectiveness
of two doses increased significantly to 88.0% [10]. Despite the high effectiveness of two doses against the Delta variant,
there has been an increasing number of breakthrough infections reported in vaccinated individuals who became infected
with the COVID-19 Delta variant. However, it is important to note that these breakthrough infections generally result
in milder symptoms, and individuals with the Delta variant have exhibited lower rates of hospital admissions within 6
months of completing their vaccination regimen [32].

A comprehensive body of evidence from randomized controlled trials (RCTs) has consistently demonstrated the
favorable attributes of inactivated SARS-CoV-2 vaccines. These studies have confirmed the vaccines’ excellent
tolerability, safety profiles, and ability to induce robust humoral responses across all age groups. Importantly, the
incidence of adverse reactions associated with these vaccines have remained low [11,33—-35]. Although breakthrough
infections involve many factors (the viral profile, immunity characteristics, host determinants and vaccination
properties), the rates of breakthrough infection might be measured to indicate vaccine effectiveness [36,37]. A Chile
trial showed that the rate of breakthrough cases was 1.99% in fully vaccinated subjects, and inadequate induction of
neutralizing antibodies may be the major cause of breakthrough infections [38]. These findings indicate that the
effectiveness of inactivated vaccines may decline after administering the second dose. Therefore, it is proposed that a
third dose of the vaccine should be administered to enhance the levels of neutralizing antibodies [39,40]. This approach
would offer individuals increased protection against COVID-19, thereby reinforcing the overall efficacy of the
vaccination strategy.

The COVID-19 Delta variant with higher viral loads is remarkably transmissible, and the risk of disease
progression is increased compared with the wild-type strain. The key questions for COVID-19 are the duration and
determinants of infectious virus shedding. A study showed that quantitative viral RNA load assays could be used in
test-based strategies to discontinue or de-escalate infection prevention and control precautions [41]. The prolonged viral
RNA shedding predictors included sex, older age, comorbidities and initial viral load [42]. The trajectory of the SARS-
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CoV-2 viral load during the course of COVID-19 is relatively consistent, but the duration of infectivity remains
uncertain [43]. Our study investigated various factors affecting VST at different time points following COVID-19 Delta
variant infection. We identified sex, family cluster, disease severity, vaccination dose, and vaccination status as
independent predictive factors. The median VST for the COVID-19 Delta variant was found to be 53 days.
Consequently, the duration of COVID-19 Delta variant shedding may exceed that of other variants, warranting a
minimum observation period of two months after diagnosis. These findings underscore the importance of prolonged
monitoring and strict adherence to infection control measures, considering the extended shedding period of the COVID-
19 Delta variant. It is crucial to remain vigilant and continue comprehensive surveillance to manage the transmission
of this variant effectively.

Our study had several limitations that should be acknowledged. Firstly, it was a single-center cohort study, which
may limit the generalizability of our findings to broader populations. Additionally, the number of samples included in
our study was relatively small, which could have impacted our results' statistical power and precision. Secondly, we
primarily relied on RT-PCR and Ct values to assess viral loading and shedding time. While these measures are widely
used and informative, we did not assess other factors, such as neutralizing antibodies or the viability of the shed virus
from the patients. These additional assessments could have provided a more comprehensive understanding of the
immune response and the dynamics of viral shedding. Lastly, we were unable to analyze the specific effectiveness of
different inactivated vaccines due to the limitations of the study population. Some patients were uncertain about the
exact type of vaccine they had received, preventing us from conducting a robust comparative analysis. Moreover, it is
important to acknowledge that the Delta variant is no longer the predominant strain, and current strains have evolved
significantly. This limits the direct applicability of our findings to ongoing and future COVID-19 variants. The evolving
nature of the virus underscores the need for continuous research to address new challenges and variants as they emerge.

5. Conclusions

In summary, Chinese inactivated vaccines could shorten the viral shedding time in patients with the COVID-19
Delta variant. These vaccines may decrease the disease severity of cases with the COVID-19 Delta variant. However,
further exploration is needed in the future.

Supplementary Materials

The following supporting information can be found at: https://www.sciepublish.com/article/pii/290, Figure S1.
The transfer flow chart of patients with COVID-19 Delta variant.
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