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Purpose: To explore the influencing factors to predict the negative nucleic acid conversion time and ORF1ab gene CT value changes
in patients with asymptomatic and mild COVID-19.

Patients and Methods: A total of 73,456 patients with asymptomatic and mild COVID-19 admitted to the Mobile Cabin Hospital in
Shanghai from April 3 to April 23, 2022 were selected as the research objects. Epidemiological, clinical, and laboratory data were
collected. Correlation analysis was performed.

Results: In patients <18 years old and >65 years old, COVID-19 vaccine can shorten the negative nucleic acid conversion time, which
is reflected in the lower median or 75% quantile (P<0.001, P<0.05). In patients with underlying diseases, the negative nucleic acid
conversion time of booster vaccination and complete vaccination was lower than that of non-vaccinated group (P<0.001, P<0.05). In
patients <18 years of age or >65 years of age, patients with comorbidity and patients with symptoms, compared with patients 18—65
years of age, patients without comorbidity and patients without symptoms, there was a greater difference in the rate of rise of CT
values between vaccinated and unvaccinated patients (P<0.05).

Conclusion: The time of nucleic acid conversion to negative in patients with asymptomatic and mild COVID-19 is affected by age,
comorbidity, and first nucleic acid CT value. Vaccination could shorten the negative nucleic acid conversion time of the older
population, those with complications or symptoms. The vaccination of older patients does not increase the risk of symptoms.
Keywords: COVID-19, nucleic acid detection, CT value, vaccine, older population

Introduction

It has been almost 4 years since severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) caused severe
respiratory syndrome and lethal pneumonia emerged in Wuhan, China, and the World Health Organization (WHO)
declared the novel coronavirus (COVID-19) outbreak a global pandemic.' Numerous studies have unraveled the
mysteries of SARS-CoV-2 pathogenesis and thus largely improved the therapeutic strategies of COVID-19.% Although
the vaccine effectiveness is not 100%, strong and consistent evidence shows that vaccines confer considerable protection
to fully vaccinated individuals against SARS-CoV-2 infection. However, most studies focus on the effectiveness of
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vaccines against SARS-CoV-2 infection or severe COVID-19 outcomes, including hospitalization, mechanical ventila-
tion, and death.® Evidence on its protection against asymptomatic and mild infection is generally lacking.

From late February to late May 2022, over 600 thousand people had been laboratory confirmed SARS-CoV-2
infection in Shanghai, China. Among them, more than 550 thousand cases were asymptomatic carriers, the number of
which had exceeded that in Wuhan, China, in 2020.4 During that time, the Government has implemented strict control
measures and conducted citywide nucleic acid tests daily or every other day. Every patient who tested positive was sent
to temporary hospitals to get treated and taken care of. Shanghai Honggqiao International Convention and Exhibition
Center Mobile Cabin Hospital was one of these hospitals in Shanghai.

This study is based on patients with asymptomatic and mild COVID-19 admitted to the mobile cabin Hospital of
Shanghai Honggqiao International Convention and Exhibition Center from April 3 to April 23, 2022 and aims to explore
the influencing factors of patients’ CT values and the protective effect of vaccines in patients, in order to identify the
population that benefits the most from vaccines and provide recommendations for vaccine administration. Clinical data
were collected to analyze the variation pattern of the nucleic acid conversion time and ORFlab gene CT values in
asymptomatic and mild patients, and to explore possible influencing factors. The effectiveness of vaccines in preventing
mild and asymptomatic COVID-19 infections were analyzed, providing evidence and clues for the management of
COVID-19 variants in the future.

Materials and Methods

StudyDesign

A retrospective study was conducted with data from patients diagnosed with SARS-CoV-2 infection and admitted to the
mobile cabin hospital in Shanghai National Exhibition and Convention Center from 3™ to 23™ April 2022. This mobile

cabin hospital has 40,000 beds and serves as a designated hospital for patients with asymptomatic and mild COVID-19 in
Shanghai since April 2022.

Participants
All patients hospitalized met the following criteria:

(1) The first time infected with SARS-COV-2

(2) Admitted to hospital on the same day or the next day of first positive nucleic acid test (CT values <35)
(3) SARS-CoV-2 CT values <35 tested two times with an interval >24 hours

(4) SpO2 >95% without supplemental oxygen and respiratory rate <24 bpm

(5) No radiographic and CT features of lower respiratory tract infection

(6) Ability for daily living and no severe medical comorbidities, mental sickness, or pregnancy

(7) No use of antivirals or anti-inflammatory medications.

Informed consent was signed by all patients involved on admission. The study was conducted according to the guidelines
of the Declaration of Helsinki and approved by the Ethics Committee of the First Affiliated Hospital of Naval Medical
University.

Samples Collection and Laboratory Data

Oropharyngeal samples were collected by a team of trained nurses, according to WHO guidelines.”® The nurses had all
undergone centralized and unified sample collection training and had obtained the corresponding certificates. Specimens
were stored at 4°C before nucleic acid extraction and real-time RT-PCR processing. The samples were then tested within
8 hours of collection using the China Food and Drug Administration approved commercial 2019-nCoV Nucleic Acid
Detection kit (BolJie, Shanghai, China). Briefly, ORFlab and N genes were targeted, and ORFlab was chosen as the
primary one as specific to SARS-CoV-2 viral genome and used for viral load calculation. For specimen quality
assessment, the human housekeeping gene target RNAse P (RP) was also measured in each sample as human control
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genes. The detection limit of the ORFabl assays was about 1 x 10° copies per milliliter. The EasyNAT-Pure20B
Automatic Nucleic Acid Extraction Analyzer (Ustar Biotechnologies, Hangzhou, China) was used for PCR amplification.
Samples were defined as positive when both the ORFlab and N CT values were <35, and as negative when both CT
values were =35. Samples with either the ORFlab or N CT value >38.0 would be repeated. All tests were performed in
accordance with the protocols available provided by the WHO and manufacturer’s instructions for use.

Clinical Data Collection

Epidemiological, clinical, and laboratory characteristics were obtained from hospital electronic medical records. The
clinical data included personal characteristics, symptoms and signs, comorbidities, vaccination status, and the date of
PCR positivity. Signs and symptoms were clustered according to the following 2 main groupings: fever, muscle soreness,
and asthenia as inflammatory systemic involvement; cough, expectoration, sore throat, runny nose, nasal congestion, and
dyspnea as respiratory involvement. Comorbidities documented included hypertension, coronary heart disease, heart
failure, arrhythmia, diabetes mellitus, cerebral apoplexy, and thrombotic diseases. The duration of COVID-19 PCR
positivity was defined as days from the date of PCR positivity to the first day of two consecutive PCR negativity tests.

Statistics and Data Analysis

Data analysis was performed through SPSS (version 26.0). Skewness and kurtosis tests were used to assess the normality
of the distributions. Continuous variables were presented as mean + standard deviation (SD) and analyzed using a ¢—test
if found to follow the normal distribution, or as median + lower and upper quartiles and analyzed by the Wilcoxon non-
parametric test if found to fit the skew distribution. Dichotomous variables were compared between groups using the Chi-
square test. Categorical variables were compared using the Fisher-Freeman-Halton, Chi-square, and Fisher’s exact tests.
Multivariable logistic regression was used to determine the association between the duration of COVID-19 PCR
positivity and clinical characteristics following standard guidelines.” A P value of <0.05 was considered significant.

Results

Study Population and their Clinical Characteristics

From 3™ to 23" April 2022, a total of 73,456 patients who met the study inclusion criteria were admitted to the mobile cabin
hospital in Shanghai National Exhibition and Convention Center, all of whom tested positive based on RT-PCR on admission.
Patients’ clinical characteristics are summarized in Table 1. The mean age of the population was 42 years (30-53), and 40.83%
(29,994/73,456) were women. About 25.7% (18,882/73,456) patients complained of at least one of the following symptoms with
5.4% (3977/73,456) having more than three symptoms on or before admission: cough, 14,917; expectoration, 9937, asthenia,
4,060; muscle soreness, 3,048; fever, 2,795; nasal congestion, 540; sore throat, 86; runny nose, 49; and dyspnea, 14. Adults
among 19-65 years old were more prone to being symptomatic. About 54,574 (74.3%) people who did not complain of any
symptoms on admission were defined as asymptomatic cases in this study. Medical comorbidities were present in 14.2% (10,428/
73,456) of the population, the first three of which were hypertension (7,552/73,456, 10.3%), diabetes mellitus (2,410/73,456,
3.30%) and coronary heart disease (1,596/73,456, 2.2%). Generally, the duration of COVID-19 PCR positivity in all patients
showed skewed distribution, with the median was 7 (IQR 5-9) days (Figure 1a). Manufacturers and classes of vaccines patients
received were listed (Figure 1b).

Influence of COVID-19 Vaccination on the duration of COVID-19 PCR positivity

A total of 821 patients were excluded due to unknown vaccine status. A total of 25,478 individuals (35.1%, 25,478/72,635)
received full dose of COVID-19 vaccines and 32,432 (44.7%, 32,432/72,635) received booster dose, while 12,667 (17.4%,
12,667/72,635) were unvaccinated (Figure 1c). Symptoms were observed more commonly in adult patients (<65 years old)
with received full or booster dose vaccines compared with these unvaccinated (Figure 1d—e). But among older patients (>65
years old), there was no significant difference regarding their vaccine status (Figure 1f). The duration of COVID-19 PCR
positivity was reduced with lower median time or third quartile time in juvenile patients (<18 years old, p<0.001) and older
patients (=65 years old, p<0.05) (Figure 2a) related to vaccine status. The duration of COVID-19 PCR positivity was not

International Journal of General Medicine 2024:17 https: 765
Dove!


https://www.dovepress.com
https://www.dovepress.com

Wang et al Dove

Table | Clinical Characteristics and Outcomes of All Patients in Mobile Cabin Hospital

Clinical Features and Outcomes All Patients A: Not B: vaccinated P-value | AvsB
Vaccinated P-value
B1: Partial B2: Fully B3: Booster B: All
Inoculation | Vaccinated | Vaccination | Vaccinations

Age, median (IQR), years 42(30~53) 45(30~59) 33(24~49) 36(34~53) 46(36.5~55.5) 41(30~53) <0.001 <0.001

Age group (N;%)
0-18 4547(6.2) 1408(11.1) 127(12.4) 616(10.9) 98(0.3) 3129(5.2) <0.001 <0.001
19-65 64,364(87.6) 9573(75.6) 1719(83.5) 21,467(84.2) 30,821(95.1) 54,007(90.1)
>65 4545(6.2) 1686(13.3) 85(4.1) 1234(4.8) 1513(4.7) 2832(4.7)

Gender (N;%)
Man 43,462(59.25) 7290(57.6) 1382(67.2) 14,938(58.6) 19,309(59.5) 35,629(59.4) <0.001 <0.001
Female 29,994(40.8) 5377(42.4) 676(32.8) 10,540(41.4) 13,123(40.5) 24,339(40.6)

Signs and symptoms (N;%)
Fever 2795(3.8) 354(2.8) 96(4.7) 1058(4.2) 1247(3.8) 2401(4) <0.001 <0.001
Cough 14,917(20.3) 1473(11.6) 370(18) 5571(21.9) 7358(22.7) 13,299(22.2) <0.001 <0.001
Expectoration 9937(13.5) 995(7.9) 247(12) 3733(14.7) 4872(15) 8852(14.8) <0.001 <0.001
Sore throat 86(0.1) 9(0.1) 4(0.2) 33(0.1) 39(0.1) 76(0.1) 0.294 0.096
Runny nose 49(0.1) 5(0) 1(0) 15(0.1) 28(0.1) 44(0.1) 0.311 0.182
Nasal congestion 540(0.7) 28(0.2) 15(0.7) 193(0.8) 297(0.9) 505(0.8) <0.001 <0.001
MUSCLE soreness 3048(4.1) 326(2.6) 92(4.5) 1152(4.5) 1442(4.4) 2686(4.5) <0.001 <0.001
Asthenia 4066(5.5) 489(3.9) 138(6.7) 1582(6.2) 1809(5.6) 3529(5.9) <0.001 <0.001
Dyspnea 14(0.0) 3(0.0) 1(0.0) 4(0.0) 5(0.0) 10(0.0) 0.682 0.592
Asymptomatic 54,574(74.3) 10,691(84.4) 1555(75.6) 18,465(72.5) 23,225(71.6) 43,245(72.1) <0.001 <0.001
1-2symptoms 14,905(20.3) 1559(12.3) 388(18.9) 5499(21.6) 7324(22.6) 13,211(22)
>3 symptoms 3977(5.4) 417(3.3) 115(5.6) 1514(5.9) 1883(5.8) 3512(5.9)

Complications (N;%)
Hypertension 7554(10.3) 1680(13.3) 142(6.9) 2268(8.9) 3406(10.5) 5816(9.7) <0.001 <0.001
Diabetes 2410(3.3) 710(5.6) 58(2.8) 696(2.7) 925(2.9) 1679(2.8) <0.001 <0.001
Coronary heart disease 1596(2.2) 448(3.5) 43(2.1) 459(1.8) 622(1.9) 1124(1.9) <0.001 <0.001
Stroke 508(0.7) 117(0.9) 5(0.2) 152(0.6) 226(0.7) 383(0.6) <0.001 <0.001
Arrhythmia 1383(1.9) 313(2.5) 34(1.7) 454(1.8) 567(1.7) 1055(1.8) <0.001 <0.001
Thrombotic disorders 821(1.1) 204(1.6) 20(1) 245(1) 346(1.1) 611(1.0) <0.001 <0.001
Heart failure 476(0.6) 91(0.7) 8(0.4) 145(0.6) 227(0.7) 380(0.6) 0.074 0.28
Any comorbidities 10,428(14.2) 2322(18.3) 221(10.7) 3183(12.5) 4603(14.2) 8007(13.4) <0.001 <0.001

How many days after the first

positive nucleic acid admission

(N;%)
<3 days 43,896(59.8) 7417(58.6) 1249(60.7) 15,069(59.1) 19,650(60.6) 35,968(60.0) <0.001 <0.001
4-7 days 22,291(30.3) 3809(30.1) 601(29.2) 7870(30.9) 9768(30.1) 18,239(30.4)
>8 days 7269(9.9) 1441(11.4) 208(10.1) 2539(10) 3014(9.3) 5761(9.6)

Length of hospital stay, median 4(3~6) 4(3~6) 4(3~6) 4(3~6) 4(3~6) 4(3~6) <0.001 <0.001

(IQR), days

Duration of positivity, median 7(5~9) 7(5~10) 7(5~9) 7(5~9) 7(5~9) 7(5~9) <0.001 <0.001

(IQR), days

Negative within < 7 days(N;%) 50,999(69.4) 8366(66.0) 1428(69.4) 17,874(70.2) 22,730(70.1) 42,032(70.1) <0.001 <0.001

Negative within > 7 days(N;%) 22,457(30.6) 4301(34.0) 630(30.6) 7604(29.8) 9702(29.9) 17,936(29.9)

different among asymptomatic patients with diverse vaccine status, but were reduced in vaccinated symptomatic patients
(Figure 2b—c). Among juvenile patients, asymptomatic ones requiring a longer duration of COVID-19 PCR positivity
(p<0.05) (Figure 2d). However, the duration of COVID-19 PCR positivity in symptomatic older patients was longer
(p<0.001) (Figure 2d). Similarly, the duration of COVID-19 PCR positivity was not different in patients without medical
comorbidities whether they received the vaccine or not (Figure 2e). But a full or booster dose SARS-COV-2 vaccine could
both shorten the duration in patients with comorbidities (p<0.001, p<0.05, respectively) (Figure 2f).
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Figure | Vaccination status and its relevance to symptoms: (a) distribution of days to turn nucleic acid negative, (b) manufacturers and classes of vaccines patients received,
and numbers of doses of booster doses, (c) percentage of patients received different doses of vaccination, stratification of age (d) or vaccination (e) due to different
numbers of symptoms, and (f) stratification of age due to vaccination status.

Factors Associated with the Duration of COVID-19 PCR Positivity

Multivariable logistic regression was used to determine the factors associated with the duration of COVID-19 PCR
positivity, shown in Table 2. The variables that were significantly associated with the duration of COVID-19 PCR
positivity were age (=0.052, p-value <0.001), CT values on admission (f=—0.189, p-value <0.001), comorbidities
(B=0.051, p-value <0.001), and vaccine status (3=0.052, p-value <0.001). Aged, unvaccinated status, comorbidities, and
lower CT values would lead to prolonged hospitalization.

Dynamics of ORFLab CT Values and Factors Associated

Patients were stratified into the following three groups according to ORFLab Gene Ct values detected on admission: Ct <
28.0, group A; 28.0 < Ct < 32.0, Group B; Ct > 32.0, Group C. The median Ct value on admission of included
participants was 27.82 (IQR 21.51-40.00). Higher CT values on admission were associated with higher CT values during
hospitalization and shorter duration of PCR positivity (Figure 3a). No statistical differences in CT values upon admission
were found to be associated with age, symptoms, or comorbidities (p>0.05). However, the recovery speed of the Ct
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Figure 2 Correlation between days to turn nucleic acid negative and other factors: vaccination status in age stratification (a), symptoms stratification (b and c) and
comorbidities stratification (e and f), and symptoms in age stratification (d). *p<0.05, ***p<0.005.

values seemed faster in younger patients with significance (Figure 3b). The CT values increased more steadily in patients
with comorbidities, such as hypertension or diabetes mellitus, than in those without any comorbidity (p<0.05)
(Figure 3d—f). Also, patients with symptoms, and those with fever or muscle soreness, showed a slower speed in CT
values recovery (p<0.05) (Figure 3g—i). Data on patients with other symptoms or comorbidities are shown in
Supplementary Figure 1. No statistical differences were found in patients with those comorbidities and symptoms.

The differential kinetics of CT values on admission by vaccine status were analyzed. There was no statistical
difference in CT values on admission associated with vaccine status. However, faster recovery speed of the Ct values
was seen in vaccinated patients (Figure 3c). The patients were then stratified into different groups according to age,
symptoms, or comorbidities. The recovery speed of the CT values was obviously slower in juvenile or older patients
(Figure 4a—b) with symptoms (Figure 4c—d) or comorbidities (Figure 4e—f).

Discussion

The population density of Shanghai is very high, with about 25 million people in 6,340 square kilometers. There are
a large number of older population with uncompleted vaccination status. As is reported, 5.8 million people are over 60
years old, and only 62% of them have been vaccinated, among which only 38% have received booster shots.® At the
beginning of the COVID-19 epidemic in 2022, Shanghai immediately adopted a strict quarantine policy, including daily
large-scale nucleic acid and antigen screening, in order to protect vulnerable populations and prevent the spread of
COVID-19. Mobile cabin hospitals, during the Wuhan outbreak in 2020, were shown to help strengthen the isolation of
patients with mild cases to contain and ultimately stop the spread of COVID-19.” Thus, most infected population in

Table 2 Multiple Linear Regression Analysis of Factors Associated with the Duration of
COVID-19 PCR Positivity in Asymptomatic and Mild Patients

Variable B S.E p value | t value | P value | 95% CI
ORFlab CT value on admission | —0.53 0.017 | —0.189 —30.519 | <0.001 —0.564,-0.469
Age stratification 0.305 0.038 | 0.052 8.101 <0.001 0.214,0.354
vaccination status —0.212 | 0.033 | —0.04 —6.43 <0.001 0.231,0.379
comorbidities 0.284 0.036 | 0.051 7.958 <0.001 —0.277,-0.148
constant 38 0.093 40.709 <0.001 3.617,3.983
768 https: International Journal of General Medicine 2024:17
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Shanghai, once tested positive for SARS-COV-2, symptomatic or asymptomatic, would be sent to Mobile cabin hospitals
for early isolation and medical observation if diagnosed as asymptomatic or mild cases.'® This study analyzed the disease
course characteristics of 73,456 asymptomatic and mild patients admitted to mobile cabin hospitals, where they received
only symptomatic treatments, rather than antivirals or anti-inflammatory medications. We thereby were able to observe
and conduct an assessment of vaccine effectiveness in both symptomatic and asymptomatic infected patients. With such
a large sample size, this study can accurately reflect key features in asymptomatic and mild patients and the protective
efficacy of the vaccine among these patients.

Reverse transcription polymerase chain reaction (RT-PCR)-based diagnostic tests are the gold standard for the
diagnosis of SARS-CoV-2 infection.'' Although there is a possibility of inconsistent virus shedding between the upper
and lower respiratory tracts, the high specificity of nucleic acid amplification tests (NAATSs) allows for a diagnosis of
COVID-19 based on a positive result from an upper respiratory tract sample.'? In our study, we use oropharyngeal swab
for sampling. Some studies suggest that nasopharyngeal swab, or pooled nasal and throat swabs, offered the better
diagnostic performance for diagnosis of SARS-CoV-2 infection.'*"'*> However, in mobile cabin hospital, due to the large
number of patients, the limited number of nurses is not sufficient to complete nasal swab sampling. Therefore, in order to
obtain reliable results, we have improved the quality of sample collection through centralized and unified training, and it
is required that two consecutive NAATs with an interval of more than 24 hours must be both negative to consider it as
a negative nucleic acid conversion. Cycle threshold (CT) values are semi-quantitative values, representing the number of
amplification cycles required for the target gene to exceed a threshold level.'® They are inversely proportional to the viral
load and were reported to be related to both disease severity and likelihood of transmission.'” ORFlab is a relatively
conserved set of coronavirus-specific gene sequences with little variability. CT values of ORF1ab can be used to evaluate
the time of nucleic acid turning negative and the rate of disease improvement.'® Therefore, in this study, we use CT
values to evaluate viral loads of patients.

The retrospective analysis of clinical data of patients with asymptomatic and mild COVID-19 admitted to the mobile
cabin hospital of Shanghai Honggiao International Convention and Exhibition Center showed that the average negative
nucleic acid conversion time of patients with asymptomatic and mild COVID-19 was 7 (5-9) days, and the time of
negative nucleic acid conversion was affected by age, admission CT value, underlying diseases, and vaccine injection.
Okita Y'? also found through systematic review and meta-analysis that age, underlying diseases, disease severity, and
glucocorticoid use were correlated with the duration of positive nucleic acid of COVID-19 strains in the past. In addition
to the time of negative nucleic acid, the speed of recovery of the disease course also affected the physical and mental
health and status of the patient. This study also found that adults, vaccinated patients, and those with no underlying
disease or symptoms had a faster recovery speed in CT values, and thus a faster speed of virus clearance. In a prospective
study of 121 Japanese patients, Sakano T?® concluded that CT values were higher in symptomatic patients upon
admission but increased more rapidly in asymptomatic patients. Asymptomatic patients had a high virus-specific cellular
immune response, which could better inhibit viral proliferation, but no significant non-specific inflammatory response.”'
Finally, we could basically predict the time of negative nucleic acid conversion and the length of stay by the CT value of
the first nucleic acid test on admission, the age of patients, whether they have been vaccinated or not, and whether they
have underlying diseases.

Chinese Control and Decision Conference (CCDC) had reported that the SARS-CoV-2 viral genomes in
Shanghai were clustered into the SARS-CoV-2 BA.2.2, a sub-lineage of the omicron variant of SARS-CoV-2
(B.1.1.529).® Studies have found that the Omicron variant had a shorter average incubation period, stronger
transmission capacity, and faster transmission rate than other previous strains of COVID-19. Compared with the
Delta variant, systemic symptoms, the risk of hospitalization and duration of symptoms were reduced while
respiratory symptoms were increased during the Omicron pandemic.”” Moreover, the injection of COVID-19
vaccines showed partially protection against the Omicron variant.”® Although studies have confirmed that the
Omicron variant is less virulent than previous COVID-19 strains, the rate of severe illness and death in
unvaccinated people, especially the older population, is still significantly higher than in the general
population.?* According to the CCDC, in Omicron infected cases, fully vaccinated patients over 60 years old
had a 72% lower risk of developing pneumonia than those who were not vaccinated.”> Although the protection of
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the vaccine against the new variant strains of Omicron decreased, it was still higher than that of unvaccinated
individuals and even higher than that of previously infected individuals who had been infected with the Omicron
sub-type BA.1.%° Although natural immunity induced by SARS-CoV-2 infection also protects against reinfection,
study showed that the vaccinated had significantly lower rates of all-cause ED wvisits, hospitalizations, and
mortality than the previously infected population.?” There is also evidence that supports SARS-CoV-2 vaccination
help in the prevention of long COVID.?® All these suggest that vaccines are still needed. However, few studies
have focused on its efficacy in mild infection. We found that for asymptomatic and mild patients, vaccination can
improve the rate of virus clearance and shorten the time of nucleic acid turning negative. There are greater
differences in the rate of rise of CT values between vaccinated and unvaccinated people aged <18 or >65 years,
with comorbidities, and with symptoms, compared with 18-65 years, without comorbidities, and without symp-
toms, respectively. This suggests that the benefit of vaccination was greater in people aged <18 years or >65
years, with comorbidities and post-infection symptoms. Tsang NNY et al also confirmed the effectiveness of
booster doses to protect against mild and asymptomatic infection, which supported our findings. In brief,
vaccination is still a very effective means for infected but non-severe patients. Interestingly, for adolescent and
young patients, vaccination increased the incidence of symptoms, the mechanism of which needs to be further
explored.

Although this study had a large sample size, it still had some limitations. This was a single-center retrospective
study, only asymptomatic and mild patients experiencing their initial infection were included in this study, which
cannot fully reflect the influencing factors of disease course and vaccine efficacy of infected people with different
disease severity. Symptom indicators were not fully included, and duration was not measured. The date patients
got vaccinated and types of vaccines were not recorded and analyzed, which may also have an influence on its
efficacy. Besides, despite employing multiple methods to improve sample quality, it must be acknowledged that
the false-positive rate for throat swabs is higher than that for nasal swabs. Also, we did not perform live virus
culture, and the evaluation of CT value on viral load may be affected by various factors, which will need to be
further explored and studied.

Conclusion

In conclusion, this study found that, for patients with asymptomatic and mild COVID-19, age, underlying diseases,
vaccination status, and CT value of the onset of the disease all affected the length of the disease course and the speed of
recovery of the disease course. And vaccines could promote the recovery of the disease for patients, especially minors and
older patients. In the older population, those with comorbidities and those with symptoms after infection still benefited from
vaccination, and there was no increased risk of symptoms in older patients receiving the vaccine. In view of the above, early
vaccination or even booster shots for people with no contraindications is still of great significance.
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