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Purpose: This study aimed to determine the clinical profile connected to the nucleic acid conversion time of COVID-19 patients
harboring the SARS-CoV-2 Omicron variant at the hospitals at the Fangcang shelter.

Methods: We reported 39,584 COVID-19 patients who were hospitalized in Shanghai, China, between April 5 and May 5, 2022, and
who had contracted the Omicron strain of SARS-CoV-2. Demographic data, medical and vaccination history, clinical symptoms, and
NCT were reported for the patient.

Results: The median age of the patients with COVID-19 included in this study was 45 (interquartile range [IQR]: 33—54), and 64.2%
of them were male. The two most prevalent comorbidities among the patients were hypertension and diabetes. Additionally, we
discovered that the percentage of unimmunized patients was negligible (13.2%). We found that male sex, age under 60, and other
comorbidities including hypertension and diabetes are significant risk factors for extending NCT when we analyzed the risk variables
for NCT. We discovered that vaccination with two or more doses can significantly reduce NCT. The analysis of the young (18-59
years) and older (60 years) populations produced the same outcomes.

Conclusion: Our findings confirm that a full COVID-19 vaccine series or booster doses are highly recommended to significantly
reduce NCT. In order to reduce NCT, it is also advised that elderly people who have no clear contraindications take vaccination shots.
Keywords: COVID-19, nucleic acid conversion time, Fangcang shelter hospitals, vaccination

Introduction
The global coronavirus disease 2019 (COVID-19) pandemic has been ongoing for three years.' Since then, the B.1.1.529
(Omicron) variation has emerged as COVID-19’s main infectious agent and has been linked to epidemics across the globe.” Due
to these factors, there are growing worries regarding whether the Omicron variety will have more severe immune evasion and
pathogenic effects than the prior strains. People are starting to worry about whether immunization can prevent illness aggravation
and reduce nucleic acid conversation time (NCT) due to the high mutation rate and infectiousness of the Omicron strain.>* The
airborne transmission should be recognized as an important mode of transmission of the SARS-CoV-2,” precautions such as hand
washing and social distancing are appropriate but insufficient, and we still need to explore the risk factors and other possible
protective measures that affect patients with COVID-19.

Fangcang shelter hospitals are the main platform for centralized management of COVID-19 patients, especially asymptomatic
and mild patients, first decided to establish by the Chinese government.® Most of these individuals recover on their own and do not
require any additional medical assistance. It is essential to control them centrally to stop them from spreading and to safeguard
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individuals who are vulnerable to severe acute respiratory system coronavirus 2 (SARS-COV-2) infection, such as those with
underlying diseases. Severe COVID-19 patients are swiftly moved to the designated hospital for active treatment when they are
discovered in the neighborhood or within Fangcang shelter hospitals. However, the operation of Fangcang shelter hospitals
requires a lot of medical staff, and the operation speed for COVID-19 patients is several hundred times that of ordinary hospitals.’
Determining whether a patient who can have a shorter NCT in the early evaluation stage could be discharged from the Fangcang
shelter hospital is of great significance for effectively diverting patients and improving the operation efficiency of the Fangcang
shelter hospital.®

Several studies have analyzed and compared the clinical characteristics of patients infected with the wild-type or delta/
Omicron variant of SARS-CoV-2.""'! After the COVID-19 pandemic, global cooperation highlighted scientific and technological
progress, leading to the rapid development of a series of effective vaccines.'? However, the difference in vaccine efficacy in the
real world is very significant, and many countries have different results on vaccine efficacy. In addition, different host factors also
affect the efficacy of vaccines. It has been reported that vaccines are less effective in the elderly and patients with underlying health
conditions (such as chronic respiratory diseases, cardiovascular diseases, immunodeficiency, obesity, etc.).13 In this study, we
investigated the demographic information and baseline characteristics of confirmed COVID-19 patients infected with the
Omicron variant during the recent coronavirus flare-up in the city of Shanghai, China, in April and May 2022. We sought to
identify the risk factors of NCT in COVID-19 patients infected with the SARS-CoV-2 Omicron variant.

Materials and Methods

Study Design and Participants
This retrospective study included 39,854 COVID-19 patients who were admitted to the LinGang Fangcang shelter hospital in
Shanghai, China, from April 5 to May 5, 2022. COVID-19 infections were confirmed as reported.

The exclusion criteria were as follows: patients younger than 18 years of age, patients with incomplete clinical data, and
patients transferred to the hospital for other reasons, such as confirmed critically ill patients with COVID-19. All patient
information remained anonymous, this study was authorized by the Ethics Commission for Clinical Research of Zhongda
Hospital, affiliated with Southeast University (2022ZDSYLL190-P01). Informed consent was waived due to the nature of the
study as a retrospective study. The study was conducted by the principles described in the Declaration of Helsinki and the
confidentiality of patients was guaranteed.

Procedure

COVID-19 patients infected with SARS-CoV-2 omicron variants were hospitalized, as previously reported. Baseline data were
obtained from electronic medical records, including sex, age, medical history, underlying diseases, vaccines, and other baseline
conditions. The date of the first positive nucleic acid test in the community and the date when the nucleic acid test was negative
were also collected. NCT was defined as the time between a patient’s first positive viral nucleic acid test in the community and the
first negative test in a Fangcang shelter hospital, with two consecutive negative viral nucleic acid tests.

Statistical Analysis

Data were summarized as median and interquartile range (IQR) values for continuous variables and frequencies for categorical
variables. For comparisons between the two groups, the Mann—Whitney U-test was used for continuous variables. Categorical
variables were examined using the chi-squared test. Univariate regression analysis was used to identify the risk factors for NCT,
and multivariate regression analysis was performed for meaningful variables. All calculated p-values were two-sided, and
p-values < 0.05 were considered statistically significant. All statistical analyses were performed using SPSS 25.0 and
GraphPad Prism 7.0.

Results
In our study, from April 5, 2022, to May 5, 2022, a total of 44,964 COVID-19 patients were admitted to Shanghai Lingang
Fangcang, of which 1670 patients were younger than 18 years of age; 3599 patients had incomplete epidemiological information,
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Figure | Flow diagram for total COVID-19 patients included in the study.

vaccination status, or medical record information; 111 patients were transferred for other reasons; a total of 39,584 patients were
finally included in this study (Figure 1).

Baseline Characteristics of COVID-19 Patients Infected by the Omicron Variant of

SARS-CoV-2

In this study, from April to May 2022, 39,584 patients infected with the SARS-CoV-2 Omicron were hospitalized at the
Lingang Fangcang shelter hospital in Shanghai, China. Here, we defined NCT<10 days as the nucleic acid detection
turning negative in the short term, and NCT>10 days as nucleic acid detection not turning negative in the long term.

Table | Clinical Characteristics of the Patients with COVID-19

Variable Total NCT<I0 Days NCT>10 Days P value
(n=39,584) (n=35,539) (n=4045)

Age (years), median (IQR) 45(33, 54) 44(33, 54) 48(36, 56) <0.001
Male, no. (%) 25,397(64.2) 22,917(64.5) 2480(61.3) <0.001
Comorbidities
Hypertension, no. (%) 3960(10) 3437(9.7) 523(12.9) <0.001
Diabetes, no. (%) 1337(3.4) 1150(3.2) 187(4.6) <0.001
Cardiovascular diseases, no. (%) 117(0.3) 97(0.3) 20(0.5) 0.014
Chronic respiratory diseases, no. (%) 221(0.6) 181(0.5) 40(1.0) <0.001
CKD, no. (%) 53(0.1) 41(0.1) 12(0.3) 0.003
Autoimmune diseases, no. (%) 159(0.4) 129(0.4) 30(0.7) <0.001
Cancer, no. (%) 74(0.2) 61(0.2) 13(0.3) 0.037
Vaccination <0.001

Unvaccinated, no. (%) 5230(13.2) 4577(12.9) 653(l6.1)

| dose, no. (%) 1538(3.9) 1370(3.9) 168(4.2)

2 doses, no. (%) 12,961(32.7) 11,661(32.8) 1300(32.1)

3 doses, no. (%) 19,855(50.2) 17,931(50.5) 1924(47.6)

Abbreviations: NCT, nucleic acid conversion time; IQR, interquartile range; CKD, chronic kidney disease.
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Table 2 Clinical Characteristics of the Patients with COVID-19 with Different Ages

Variable Total 18-59 Years >60 Years P value
(n=39,584)
Total NCT<I10 Days | NCT>10 P value | Total NCT<I0 NCT>10 P value
(n=34,792) (n=31,381) Days (n=4792) Days Days
(n=3411) (n=4158) (n=634)

Age (years), median (IQR) 45(33, 54) 42(32,51) 41(32,51) 44(34,52) <0.001 65(62,70) 65(62,70) 65(63,70) 0.474 <0.001
Male, no. (%) 25,397(64.2) 22,792(65.5) 20,658(65.8) 2134(62.6) <0.001 2605(54.4) 2259(54.3) 346(54.6) 0.908 <0.001
Comorbidities
Hypertension, no. (%) 3960(10) 2310(6.6) 2031(6.5) 279(8.2) <0.001 1650(34.4) 1406(33.8) 244(38.5) 0.021 <0.001
Diabetes, no. (%) 1337(3.4) 731(2.1) 640(2.0) 91(2.7) 0.015 606(12.6) 510(12.3) 96(15.1) 0.042 <0.001
Cardiovascular diseases, no. (%) 117(0.3) 52(0.1) 41(0.1) 11(0.3) 0.006 65(1.4) 56(1.3) 9(1.4) 0.883 <0.001
Chronic respiratory diseases, no. (%) | 221(0.6) 142(0.4) 117(0.4) 25(0.7) 0.002 79(1.6) 64(1.5) 15(2.4) 0.128 <0.001
CKD, no. (%) 53(0.1) 36(0.1) 27(0.1) 9(0.3) 0.007 17(0.4) 14(0.3) 3(0.5) 0.484 <0.001
Autoimmune diseases, no. (%) 159(0.4) 136(0.4) 114(0.4) 22(0.6) 0.012 23(0.5) 15(0.4) 8(1.3) 0.007 0.361
Cancer, no. (%) 74(0.2) 31(0.1) 29(0.1) 2(0.1) 0.764 43(0.9) 32(0.8) 11(1.7) 0.016 <0.001
Vaccination 0.007 <0.001 <0.001

Unvaccinated, no. (%) 5230(13.2) 3833(11.1) 3404(10.8) 429(12.6) 1397(29.2) 1173(28.2) 224(35.3)

| dose, no. (%) 1538(3.9) 1424(4.1) 1272(4.1) 152(4.5) 114(2.4) 98(2.4) 16(2.5)

2 doses, no. (%) 12,961(32.7) 11,429(32.8) 10,320(32.9) 1109(32.5) 1532(32.0) 1341(32.3) 191(30.1)

3 doses, no. (%) 19,855(50.2) 18,106(52.0) 16,385(52.2) 1721(50.5) 1749(36.5) 1546(37.2) 203(32.0)

Abbreviations: NCT, nucleic acid conversion time; IQR, interquartile range; CKD, chronic kidney disease.
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Table 3 Clinical Characteristics of the Patients with COVID-19 with Different Vaccination

Variables Total Unvaccinated | Dose 2 Doses 3 Doses P
(n=39,584)
Total 18-59 =60 P Total 18-59 >60 P Total 18-59 >60 P Total 18-59 >60 P
(n=5230) Years Years (n=1538) Years Years (n=12,961) Years Years Years Years
(n=3833) | (n=1397) (n=1424) (n=114) (n=11,429) | (n=1532) (n=19,855) (n=18,106) | (n=1749)
Age (years), median 45(33, 54) 50(36,60) 42(33,52) 68(64,74) <0.001 35(28,48) 34(27,45) 65 <0.001 40(30,53) 37(29.49) 65(62,69) <0.00 47(35,54) 45(34,52) 64(61,68) <0.001 <0.001
(IQR) (62,68)
Male, no. (%) 25,397 3157 2453 704(54.4) <0.001 1088 1018 70(61.4) 0.023 8002(61.7) 7218(63.2) 784(51.2) <0.001 13,150 12,103 1047 <0.001 <0.001
(64.2) (60.4) (64.0) (70.7) (71.5) (66.2) (66.8) (59.9)
Hypertension, 3960(10) 810(15.5) 265(6.9) 545(39.0) <0.001 118(7.7) 80(5.6) 38(33.3) <0.001 1213(9.4) 678(5.9) 535(34.9) <0.001 1819(9.2) 1287(7.1) 532(30.4) <0.001 <0.001
no. (%)
Diabetes, no. (%) 1337(3.4) 376(7.2) 128(3.3) 248(17.8) <0.001 42(2.8) 29(2.0) 14(12.3) <0.001 410(3.2) 223(2.0) 187(12.2) <0.001 508(2.6) 351(1.9) 157(9.0) <0.001 <0.001
Cardiovascular 117(0.3) 46(0.9) 18(0.5) 28(2.0) <0.001 3(0.2) 2(0.1) 1(0.9) 0.206 34(0.3) 9(0.9) 25(1.6) <0.001 34(0.2) 23(0.1) 11(0.6) <0.001 <0.001
diseases, no. (%)
Chronic respiratory 221(0.6) 64(1.2) 26(0.7) 38(2.7) <0.001 6(0.4) 4(0.3) 2(1.8) 0.067 76(0.6) 51(0.4) 25(1.6) <0.001 75(0.4) 61(0.3) 14(0.8) 0.003 <0.001
diseases, no. (%)
CKD, no. (%) 53(0.1) 25(0.5) 17(0.4) 8(0.6) 0.549 0 0 0 - 17(0.1) 12(0.1) 5(0.3) 0.042 11(0.1) 7(<0.1) 4(0.2) 0012 | <0.001
Autoimmune 159(0.4) 41(0.8) 35(0.9) 6(0.4) 0.079 3(0.2) 2(0.1) 1(0.9) 0.206 55(0.4) 47(0.4) 8(0.5) 0.53 60(0.3) 52(0.3) 8(0.5) 0.216 <0.001
diseases, no. (%)
Cancer, no. (%) 74(0.2) 46(0.9) 15(0.4) 3122) <0.001 | 0 1(0.9) 0.074 20(0.2) 11(0.1) 9(0.6) <0.001 7(<0.1) 5(<0.1) 2(0.1) 0.121 | <0.001

Abbreviations: NCT, nucleic acid conversion time; IQR, interquartile range; CKD, chronic kidney disease.
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Their mean age was 45.0 years (IQR:33.0-54), 64.2% were male, and the most common comorbidity was hypertension,
followed by diabetes. Among them, 13.2% were unvaccinated, 3.9% were vaccinated with one injection, 32.7% were
vaccinated with two injections, and 50.2% were vaccinated with three injections (Table 1).

We divided patients into an ordinary group (age <60 years) and an advanced age group (age >60 years) according to
the age of patients and reported the clinical characteristics of patients with NCT >10 and NCT<10 days. We found that
both age and male sex were risk factors for prolonged NCT, and among the underlying comorbidities, NCT was longer in
patients with hypertension, diabetes, cardiovascular disease, or chronic kidney disease (CKD). More importantly, we
found that the NCT of vaccinated patients was significantly shorter than that of the unvaccinated patients (Table 2).

To further clarify whether the vaccine is effective in shortening the NCT, we analyzed different vaccination situations
as subgroups. The clinical characteristics of unvaccinated and vaccinated patients with different dosage forms are shown
in (Table 3).

We attempted to analyze all risk factors and disease profiles that affect COVID-19 patients with NCT < 10 days
(Figure 2). First, we performed univariate regression analysis on the factors affecting the NCT < 10 days and found that
male sex, age > 60 years, hypertension, diabetes, respiratory disease, cardiovascular disease, CKD, autoimmune diseases,
cancer, and vaccination all significantly affected the NCT of COVID-19 patients (Figure 2A). Next, these above variables
were added to the multiple regression analysis and notably, we found that male sex and 2 and 3-dose vaccinations were
all favorable factors for NCT<10 days. Conversely, age >60 years, hypertension, diabetes, respiratory disease, CKD, and
autoimmune disease were risk factors for NCT<10 days (Figure 2B).

Many reports have focused on the factors affecting the age of COVID-19 patients, and there has been controversy
over whether older patients should be vaccinated. In this study, according to whether the patients were older than 60
years, they were divided into two subgroups: elderly and non-elderly. We performed the same univariate and multivariate
regression analysis on the risk factors and disease profiles of these two groups of patients (Figure 3). We found that
autoimmune diseases, cancer, 2-dose and 3-dose vaccination were important factors for NCT in the elderly group
(Figure 3A), and multivariate regression analysis also showed that 2-dose or 3-dose vaccination was an important
favorable factor (Figure 3B). In the non-elderly group (ages 18-59), univariate regression analysis showed that

hypertension, diabetes, respiratory, cardiovascular, and cerebrovascular disease, CKD, autoimmune diseases, 2-dose

Total Total
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Age=60 o Age260 ek
Hypertension HH Hypertension -
Diabetes E Diabetes
Respiratory diseases —— Respiratory diseases —A— ]
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Autoimmune diseases —h— 1 Autoimmune diseases —a—
Cancer — Cancer A
1 dose vaccines H——i 1 dose vaccines i
2 dose vaccines 4 e 2 dose vaccines o
3 dose vaccines 1 3 dose vaccines -4 e
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Figure 2 The risk factors and disease profiles that affect COVID-19 patients with NCT < 10 days. (A) univariate regression analysis on the factors affecting the NCT < 10
days in all patients. (B) multiple regression analysis on the factors affecting the NCT < 10 days in all patients.
Abbreviations: CKD, chronic kidney disease; NCT, nucleic acid conversion time.
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Figure 3 The risk factors and disease profiles that affect elderly and non-elderly COVID-19 patients with NCT < 10 days. (A) univariate regression analysis on the factors
affecting the NCT < 10 days in elderly patients. (B) multiple regression analysis on the factors affecting the NCT < 10 days in elderly patients. (C) univariate regression
analysis on the factors affecting the NCT < 10 days in non-elderly patients. (D) multiple regression analysis on the factors affecting the NCT < 10 days in non-elderly
patients.

Abbreviations: CKD, chronic kidney disease; NCT, nucleic acid conversion time.

and 3-dose vaccination were all important factors for NCT (Figure 3C), and multivariate regression analysis showed that
male sex, 2-dose or 3-dose vaccination was an important favorable factor (Figure 3D).

We found that two or more doses of the vaccine may be effective in shortening NCT in all COVID-19 patients. We
divided all COVID-19 patients into those who were unvaccinated and who received one dose (groups 0 and 1) and those
who received more than two doses (groups 2 and 3) and found that the incidence of NCT was significantly higher in
groups 2 and 3 than in groups 0 and 1 in the incidence of NCT <10 days (Figure 4).

Discussion

This study retrospectively analyzed the demographic, epidemiological, and other medical information of a cohort of
inpatients with COVID-19 in the Shanghai Lingang Fangcang shelter hospital. The objective was to study the risk factors
of NCT in asymptomatic or mild COVID-19 patients admitted to Fangcang. We have made a simple definition of NCT,
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Figure 4 NCT<10 days in COVID-19 patients with different vaccination doses.
Abbreviation: NCT, nucleic acid conversion time.

and according to our clinical research and experience, NCT < 10 days is regarded as detection as nucleic acid-negative in
a short time.

To the best of our knowledge, this is the first study of NCT-related factors in COVID-19 patients in Fangcang shelter
hospitals. We found that age, sex, and underlying diseases were important risk factors for NCT. This finding is consistent
with reports from multiple studies.'*'® In different age groups, there were obvious favorable factors for 2-dose and
3-dose vaccination, which was reflected in the effective shortening of NCT.

Fangcang shelter hospitals have now become the main locations for the centralized management of COVID-19
patients.'® It has characteristics that are different from those of general hospitals, including fast patient turnover,
incomplete patient data, and insufficient inspection and testing equipment. NCT is an important criterion for transfer
into and out of Fangcang shelter hospitals, and early identification of the risk factors affecting NCT is of great value to
clarify which patients may require long-term hospitalization. It is worth mentioning that some studies have shown that
patients with prolonged NCT have a high risk of developing severe disease.”’*'

When the vaccine for the SARS-COV-2 virus was just developed and put into use, it was reported that elderly patients should
be vaccinated against SARS-COV-2 with caution.”> >* However, as the technology continues to mature, the safety of the vaccine
has improved significantly since the early days of COVID-19. In our study, age was an important factor affecting NCT,
particularly in the elderly population. However, vaccination in elderly patients is also effective in shortening the NCT, while clear
vaccine safety issues have not been reported. This gives us confidence in recommending a similar COVID-19 vaccine to older
adults. Vaccination alone was an effective intervention for shortening NCT in our multivariate analysis. On the one hand,
vaccination conferred the same protective effect on the elderly as on adults, which provides evidence for our continued advocacy
for vaccination. On the other hand, for unvaccinated patients, prolonged hospitalization and isolation may be sensible. These
findings have important implications for decision-making regarding quarantine protocols and for promoting optimal antiviral
interventions.

This study had several limitations. First, compared with other studies,” our sample size was sufficiently large, but the
variables were relatively small. This is because of the particularity of Fangcang shelter hospitals, and we could not obtain
all test results and symptoms in a timely and accurate manner. We could only use the most intuitive and simple factors
that were analyzed. Second, our definition of NCT is based on other studies, although there is currently insufficient
evidence to suggest that other definitions may be more accurate, which may still cause data bias. Finally, we demon-
strated the effectiveness of vaccination in elderly patients but did not show the results in patients younger than 18 years
of age in this study. We expect more comprehensive studies to clarify NCT-related studies in children and young adults.
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Conclusions

This study establishes that older age and underlying medical conditions are associated with delayed NCT in hospitalized
patients with COVID-19, and we demonstrate that vaccines, both in adults and the elderly, are an important way to
effectively shorten NCT. We hope that these risk factors can provide clues for the early identification of patients with
prolonged NCT and provide a direction for the development of optimal isolation protocols and treatment strategies.

Abbreviations
COVID-19, coronavirus disease 2019; NCT, nucleic acid conversation time; SARS-COV-2, severe acute respiratory
system coronavirus 2; IQR, Interquartile range; CKD, chronic kidney disease.
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