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Purpose: The Omicron variant of SARS-CoV-2 has emerged as a significant global concern, characterized by its rapid transmission
and resistance to existing treatments and vaccines. However, the specific hematological and biochemical factors that may impact the
clearance of Omicron variant infection remain unclear. The present study aimed to identify easily accessible laboratory markers that
are associated with prolonged virus shedding in non-severe patients with COVID-19 caused by the Omicron variant.

Patients and Methods: A retrospective cohort study was conducted on 882 non-severe COVID-19 patients who were diagnosed
with the Omicron variant in Shanghai between March and June 2022. The least absolute shrinkage and selection operator regression
model was used for feature selection and dimensional reduction, and multivariate logistic regression analysis was performed to
construct a nomogram for predicting the risk of prolonged SARS-CoV-2 RNA positivity lasting for more than 7 days. The receiver
operating characteristic (ROC) curve and calibration curves were used to assess predictive discrimination and accuracy, with bootstrap
validation.

Results: Patients were randomly divided into derivation (70%, n = 618) and validation (30%, n = 264) cohorts. Optimal independent
markers for prolonged viral shedding time (VST) over 7 days were identified as Age, C-reactive protein (CRP), platelet count,
leukocyte count, lymphocyte count, and eosinophil count. These factors were subsequently incorporated into the nomogram utilizing
bootstrap validation. The area under the curve (AUC) in the derivation (0.761) and validation (0.756) cohorts indicated good
discriminative ability. The calibration curve showed good agreement between the nomogram-predicted and actual patients with
VST over 7 days.

Conclusion: Our study confirmed six factors associated with delayed VST in non-severe SARS-CoV-2 Omicron infection and
constructed a Nomogram which may assist non-severely affected patients to better estimate the appropriate length of self-isolation and
optimize their self-management strategies.
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Introduction

Coronavirus disease 2019 (COVID-19) is an emerging and rapidly evolving global pandemic caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2).! Among the various variants of SARS-CoV-2, the Omicron variant,
first identified in South Africa on November 22, 2021, has emerged as a major concern due to its increased transmis-
sibility, estimated to be 37.5% higher than the Delta variant.> This variant has become the dominant strain in many parts
of the world, accounting for approximately 99% of global gene sequencing data up to March 2022.* In China, the
Omicron variant was first detected on December 9, 2021, and rapidly spread in Shanghai by the end of February 2022.°
The Omicron variant in Shanghai belongs to the BA.2.2 sub-lineage. Although the Omicron variant generally induces

milder acute disease manifestations in comparison to earlier variants, it possesses in excess of 30 mutations within the
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spike protein, enhancing its transmissibility and ability to evade the immune system.™
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To date, several studies have investigated the relationships between clinical features and the virological course in
persistently positive patients infected with SARS-CoV-2 original strain. Lee et al® examined 1186 non-severe COVID-19
patients in Korea from Feb 21 to Apr 29, 2020, and found that respiratory symptoms were the most significant independent
predictor of longer viral shedding time (VST), while age had no significant correlation. However, Hu et al’ supported that
elderly and chest tightness were independent factors for delayed VST among hospitalized COVID-19 patients in China
between Jan 29, 2020, and March 12, 2020. With the emergence of the Omicron variant, several recent studies have shed light
on the unique clinical features of patients infected with this variant. For example, Saxena et al'® analyzed the transmission
dynamic, effects on testing and immunity response of Omicron infection in a global perspective. Zhang et al'' confirmed that
the number of inoculations and the Ct value of the SARS-CoV-2 ORF1ab gene were independently associated with prolonged
Omicron VST. These well-designed studies have focused on the association between patient symptoms and prolonged
Omicron VST. However, it remains unclear whether routine laboratory tests, such as hematological and biochemical
parameters, are specific risk factors for delayed Omicron VST, and few studies have focused on this area.

The duration of self-isolation for people with COVID-19 varies depending on their level of infectiousness. With the
increasing prevalence of the Omicron variant globally, numerous countries have adjusted their recommended quarantine
periods for individuals infected with the virus. In August 2022, the US Centers for Disease Control and Prevention
revised its guidelines, recommending a 5-day self-isolation period for individuals with COVID-19 and a 10-day period
for those experiencing moderate or severe symptoms.'? In September 2022, Japan shortened the quarantine duration for
symptomatic infected individuals from 10 days to 7 days, and for asymptomatic patients from 7 days to 5 days."?
Nonetheless, a Japanese study conducted in January 2022 on the Omicron variant revealed that 11.1% of infected
individuals could still shed the virus after 7-day infection.'* Given the high transmissibility of the Omicron variant,
ending isolation prematurely may pose a risk of exposing others to COVID-19 infection. Identifying risk factors for the
duration of Omicron viral shedding is crucial in determining the appropriate patient self-isolation period and plays a vital
role in controlling virus transmission.

Between March and May 2022, Shanghai witnessed a significant influx of SARS-CoV-2 Omicron variant cases. Within
the context of the Chinese healthcare system, a policy emphasizing extensive patient admission and tailored treatment
provision facilitated access to specialized care for numerous individuals, including those with mild symptoms. Given that
most patients infected with Omicron variant do not present with severe symptoms, we focused on non-serious cases in order
to explore risk factors for prolonged virus shedding. In this study, we aimed to identify easily accessible factors from routine
laboratory tests that were associated with the duration of virus shedding in patients with COVID-19 caused by the Omicron
variant. We used a retrospective cohort study design and employed statistical techniques such as least absolute shrinkage
and selection operator (LASSO) regression model and multivariate logistic regression analysis to identify independent
predictors of prolonged viral shedding. In light of numerous countries implementing an approximate 7-day isolation period
for Omicron-infected patients, we also developed a nomogram for predicting the risk of virus shedding over than 7 days.
Our study may help non-severely affected patients in enhancing their self-management strategies.

Materials and Methods

Patients
A total of 1235 Patients infected with SARS-CoV-2 Omicron diagnosed according to the the ninth version of Chinese
guidelines for the diagnosis and treatment of COVID-19'° in Shanghai Pudong New Area Gongli Hospital, between
April 13, 2022, and June 1, 2022, were available to enroll this retrospective study. All patients underwent hematological
tests upon admission. The COVID-19 diagnosis was confirmed using transcriptase-polymerase chain reaction (RT-PCR)
assay performed by the Laboratory of the Shanghai Pudong New Area Gongli Hospital, using a commercial kit (Yeason,
China). The cycle threshold (Ct) values of SARS-CoV-2 ORFlab and N genes < 35 were considered as a positive RNA
test. If the result was negative (Ct > 35), duplicate tests were performed at 24 hours.

The evaluation of a patient’s condition severity was also conducted in accordance with the ninth version of Chinese
guidelines for the diagnosis and treatment of COVID-19.'® Patients classified as non-severe, based on a positive nucleic acid
test result, were also required to present with at least one of the following Omicron infection manifestations: fever, dry cough,
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fatigue, nasal congestion, runny nose, sore throat, conjunctivitis, myalgia, diarrhea or radiographically-confirmed pneumonia.
Throughout the disease course, patients were excluded if they exhibited any of the following severe clinical manifestations at
any point: (1) tachypnea, characterized by a respiratory rate (RR) > 30 breaths/min; (2) a resting oxygen saturation < 93%
while breathing room air; (3) an arterial partial pressure of oxygen (Pa02) to fractional inspired oxygen (FiO2) ratio < 300
mmHg; or (4) progressive clinical deterioration, accompanied by pulmonary imaging indicative of lesion advancement
exceeding 50% within a 24- to 48-hour period. Additionally, patients were also excluded if they met any of the following
criteria: (1) younger than 18 years of age; or (2) possessing incomplete demographic, clinical, or epidemiological data. Finally,
a total of 882 non-severe COVID-19 patients were included for further analysis. In addition, eight types of comorbidities were
evaluated, including hypertension, diabetes, tumor, cardiovascular disease (such as rheumatic heart disease, coronary heart
disease, atrial fibrillation, and cardiac insufficiency), respiratory disease (including bronchiectasis, bronchitis, chronic
obstructive pulmonary disease, emphysema and asthma), rheumatic immune disease (like systemic lupus erythematosus
and rheumatoid arthritis), hepatic disease (including fatty liver, hepatitis B, and liver cirrhosis) and Chronic kidney disease
(CKD). Patients were then classified into comorbidity < 3 or comorbidity > 3 based on the number of comorbidities.

Statistical Analysis
All enrolled 882 patients were randomized into training (70%, n = 618) and validation (30%, n = 264) cohorts to develop
nomogram and perform internal validation. Given the number of events available, careful selection of variables was
performed, considering clinically relevant hematological characteristics, liver and kidney function, as well as variables
reported in previous studies with clinical significance. In total, 19 variables were incorporated into our study. For baseline
analysis of patients, categorical variables were expressed as frequencies and percentages, and data were compared using chi-
square test or Fisher’s exact test, while continuous data were expressed as median (interquartile range, IQR) and significant of
differences were analyzed by Kruskal-Wallis test. Among the 19 variables incorporated, 14 were continuous variables. To
pinpoint the most pertinent predictors, these continuous variables were further screened using LASSO regression. Employed
as a regularization technique and chosen based on the minimum and 1-SE criteria, LASSO regression aimed to enhance the
accuracy and interpretability of the regression models.'®'® To prevent over-fitting and increase model robustness, multivariate
models were performed with substantiated 10-fold cross-validation and bootstrapping (1000 re-sampling).'® Restricted cubic
spline (RCS) fits were performed on filtered continuous variables to test whether the nonlinear components were statistically
significant.' If nonlinearity was detected, the segmented regression was performed to fit a piecewise-linear relationship
between continuous variables and odds of virus shedding at 7 days, and the threshold inflection point was calculated using
a recursive algorithm.?® Then, the multivariate logistic regression was conducted to identify the risk factors for viral clearance.
A nomogram was constructed based on statistically significant factors identified by multivariate analyses, using logistic
regression to predict odds of virus shedding at 7-day. Both the training and validation cohort models were used to verify the
effectiveness of nomogram. The discriminative ability of nomogram was assessed by the area under the curve (AUC) from
receiver operating characteristic (ROC) curves, and the coincidence between the actual outcomes and the predicted prob-
abilities was estimated by calibration curves using a bootstrap method with 1000 resamples.>' The prediction falling on the 45°
diagonal in the calibration curve represents the most desirable case.

All analyses were conducted using R software Version 4.2.1 and the following R packages: “caret” for building training
and validation cohorts, “glmnet” for LASSO regression, “rms” for RCS fits, “riskRegression” and “pROC” for generating
ROC and calibration curves. A two-tailed P-value of less than 0.05 was considered statistically significant.

Results

Baseline Characteristics of Patients Infected with SARS-CoV-2 Omicron

A total of 1235 people were diagnosed with COVID-19 caused by the Omicron variant, of which 882 were included in
the final analysis. The flow diagram of patient selection is detailed in Figure 1. The training and validation cohorts were
found to be similar in most baseline characteristics, including SARS-CoV-2 nucleic acid test results at day 7, indicating
that the groups were evenly distributed and suitable for internal verification (Table 1). As shown in Table 2, the baseline
clinical features of the included patients were analyzed, with 45.35% of patients (n = 400) having detectable levels of
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Patients available to enroll study
(n=1235)

A

Excluded (n = 353)
e Exhibited severe clinical manifestations (n = 52)
e Younger than 18 years of age (n = 141)

e Inadequate medical record information (n = 160)

Randomized (n = 882)

Training Cohort
(n=618)

Validation Cohort
(n = 264)

Figure | Flow diagram of patient selection. Among the 1235 patients, 52 were classified as presenting with severe COVID-19 upon admission or throughout the
progression of their illness. Furthermore, 141 were minors under the age of 18 years, and 160 individuals possessed insufficient medical records. Finally, a cohort of 882
patients was incorporated into this study and stratified into the training cohort (n=618) and validation cohort (n=264) randomly.

viral RNA in their samples for at least 7 days, while 54.65% (n = 482) had negative results for viral detection over
a period of less than 7 days. The average age of the patients was 66.43+18.53 years, and 427 of them (48.41%) were
male. Approximately half of the patients (57.03%, 503/882) had abnormal chest CT scans indicative of viral pneumonia.

Table | Demographic Characteristics of Training Cohort and Validation Cohort

Characteristic Training Cohort, Validation Cohort, P-value
N =618 N = 264
SARS-CoV-2 RT-PCR on day 7, n(%) >0.9
Negative 338(55%) 144(55%)
Positive 280(45%) 120(45%)
Age, year 66.68(18.24) 65.86(19.21) 0.7
Gender, n(%) 0.5
Male 295(48%) 132(50%)
Female 323(52%) 132(50%)
CT Findings, n(%) 0.062
Non-Pneumonia 253(41%) 126(48%)
Pneumonia 365(59%) 138(52%)
Infection of Vaccine, n(%) 0.5
(Continued)
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Table | (Continued).
Characteristic Training Cohort, Validation Cohort, P-value
N=618 N = 264
None 377(61%) 155(59%)
One or Two Dose 130(21%) 53(20%)
Three dose 111(18%) 56(21%)
Number of Combined Diseases, n(%) 0.082
None 271(44%) 117(44%)
<3 327(53%) 130(49%)
23 20(3.2%) 17(6.4%)
CRP, mg/L 8.53(17.95) 8.67(15.79) 0.5
AST, U/L 32.98(35.12) 32.74(19.98) 0.2
ALT, U/L 24.92(27.24) 23.98(17.81) 0.5
HGB, g/L 125.96(18.97) 128.42(17.33) 0.2
Platelets, E+09/L 210.10(73.32) 211.64(87.51) 0.5
CREA, ymol/L 101.63(167.26) 84.85(83.72) 0.6
RBC, E+12/L 4.15(0.64) 4.18(0.62) 0.7
Leucocyte, E+09/L 5.69(2.75) 5.73(2.48) 0.7
Lymphocytes, E+09/L 1.48(0.61) 1.50(0.65) 0.7
Uric acid, pmol/L 320.34(104.54) 324.33(114.90) 0.6
Eosinophil, E+09/L 0.09(0.13) 0.10(0.10) 0.5
Basophil, E+09/L 0.02(0.02) 0.02(0.01) 0.2
Monocyte, E+09/L 0.53(0.36) 0.55(0.35) 0.8
Neutrophil, E+09/L 3.57(2.45) 3.56(2.21) 0.8
Table 2 Baseline Clinical Features of Patients with and without SARS-CoV-2 on Day 7
Characteristic Overall, N = 882 Negative®, N = 482 Positive®, N = 400 P-value
Age, year 66.43(18.53) 62.56(18.89) 71.09(16.98) <0.001
Gender, n(%) 0.8
Male 427(48.41%) 231(47.93%) 196(49.00%)
Female 455(51.59%) 251(52.07%) 204(51.00%)
CT Findings, n(%) 0.058
Non-Pneumonia 379(42.97%) 221(45.85%) 158(39.50%)
Pneumonia 503(57.03%) 261(54.15%) 242(60.50%)
Infection of Vaccine, n(%) <0.001
(Continued)
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Table 2 (Continued).

Characteristic Overall, N = 882 Negative®, N = 482 Positive®, N = 400 P-value

None 532(60.32%) 263(54.56%) 269(67.25%)

One or Two Dose 183(20.75%) 112(23.24%) 71(17.75%)

Three dose 167(18.93%) 107(22.20%) 60(15.00%)
Number of Combined Diseases, n(%) 0.007

None 388(43.99%) 232(48.13%) 156(39.00%)

<3 457(51.81%) 236(48.96%) 221(55.25%)

>3 37(4.20%) 14(2.90%) 23(5.75%)
CRP, mg/L 8.57(17.32) 5.82(11.75) 11.89(21.81) <0.001
AST, U/L 32.90(31.35) 30.00(17.09) 36.41(42.38) 0.002
ALT, U/L 24.64(24.79) 24.65(21.77) 24.63(28.03) 0.5
HGB, g/L 126.69(18.52) 128.66(18.69) 124.33(18.05) <0.001
Platelets, E+09/L 210.56(77.79) 231.90(76.52) 184.85(71.35) <0.001
CREA, pmol/L 96.61(147.46) 90.76(115.65) 103.66(178.32) 0.2
RBC, E+12/L 4.16(0.63) 4.23(0.64) 4.07(0.62) <0.001
Leucocyte, E+09/L 5.70(2.67) 6.23(3.00) 5.06(2.03) <0.001
Lymphocytes, E+09/L 1.49(0.62) 1.64(0.64) 1.30(0.54) <0.001
Uric acid, pmol/L 321.54(107.69) 331.37(109.04) 309.70(104.97) 0.002
Eosinophil, E+09/L 0.09(0.12) 0.11(0.14) 0.07(0.09) <0.001
Basophil, E+09/L 0.02(0.02) 0.02(0.02) 0.02(0.01) <0.001
Monocyte, E+09/L 0.53(0.33) 0.54(0.39) 0.53(0.26) 0.8
Neutrophil, E+09/L 3.57(2.38) 3.91(2.73) 3.15(1.79) <0.001

Notes: *Patients with negative SARS-CoV-2 RT-PCR test results on the seventh day. ®Patients with positive SARS-CoV-2 RT-PCR test results on the
seventh day.

The majority of the enrolled patients (60.32%, 532/882) were unvaccinated, while 20.75% (183/882) had received one or
two doses of a vaccine and 18.93% (167/882) had received a third booster dose. Of all participants, 43.99% (388/882) of
the patients had no comorbidities, while 4.20% (37/882) had more than three. None of the patients died during their
hospitalization.

RCS Analysis of Nonlinear Associations Determined the Cutoff Values of Optimal
Variables Reselected by LASSO Regression

The LASSO regression analysis indicated that the residual sum of squares was minimized at a lambda value of 0.04373 and
log (A) value of —3.147. Utilizing this information, seven optimal variables were identified as being predictive of the risk of
VST > 7 days, including Age, C-reactive protein (CRP), as well as the counts of Platelets, Leucocyte, Lymphocytes,
Eosinophil, and Basophil (Figure 2). Subsequently, a restricted cubic spline (RCS) regression model was employed to
evaluate the nonlinearity relationships between each of the optimal variable and the risk of VST > 7 days. As shown in
Figure 3, all seven variables were found to exhibit a nonlinear association with risk (with P values for nonlinearity < 0.001).
These plots demonstrate a significantly lower risk at lower predicted values of Age and CRP, and at higher predicted values of

2492 e Infection and Drug Resistance 2023:16

Dove!


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

Dove Yu et al

A B
14 14 14 13 10 6 1 14 14 14 13 12 10 5 3 0
— @
°7 g8 .
c - [
2] S : ]
€ PR : P
S 9 8 : .
£ 5 Q& : &
E = : 3
3 :
© o 2 i ¢
\1 i | /
0 :
T T T T T T - T | p— | — T
8 -7 -6 -5 -4 -3 -2 8 -7 -6 -5 -4 -3 -2
Log Lambda Log(A)

Figure 2 The selection of optimal variables for the model was carried out using LASSO regression. (A) LASSO model coefficient trendlines of the 14 variables for risk of
SARS-Cov2 RNA positivity lasting longer than 7 days. (B) Tuning parameter (Lambda, A) selection cross-validation error curve. Vertical lines were drawn at the optimal
values given minimum criteria and |-SE criteria, resulting in L = 0.04373 and the optimization of six non-zero coefficients.

Abbreviation: LASSO, Least absolute shrinkage and selection operator.
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Figure 3 RCS mode evaluates the non-linearity relationship of age (A), CRP levels (B) and counts of platelets (C), leukocytes (D), lymphocytes (E), eosinophils (F) and
basophils (G) to risk of SARS-Cov2 RNA positivity lasting longer than 7 days.
Abbreviations: RCS, Restricted cubic spline; CRP, C-reactive protein.

platelet, leucocyte, lymphocyte, eosinophil, and basophil counts. The threshold inflection points were calculated using
a recursive algorithm, indicating a clear increased risk when age > 68 years, CRP > 3.38mg/L, platelets < 205 E+09/L,
leucocyte < 5.2 E+09/L, lymphocytes < 1.4 E+09/L, eosinophil < 0.06 E+09/L and basophil < 0.02 E+09/L.

Univariate and Multivariable Logistic Regression for Optimal Variables

In order to further verify the association between the optimal variables identified by the LASSO regression and the
outcome of interest, univariate and multivariable logistic regression analysis were conducted. The results of multivariable
logistic regression, as presented in the Table 3, indicate that age greater than 68 years (odds ratio [OR]: 2.03; 95%
confidence interval [CI]: 1.29-3.19; P = 0.002), CRP greater than 3.38 mg/L (OR: 2.27; CI: 1.56-3.32; P < 0.001),
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Table 3 Univariate and Multivariate Logistic Regression Analyses for Risk Factors of SARS-CoV-2 RNA Positivity Lasting Longer Than
7 Days in Training Cohort

Characteristic Univariate Analysis Multivariate Analysis

OR* 95% CI° P-value OR* 95% CI® P-value
Age (> 68 year vs < 68 year) 245 1.77-3.39 <0.001 2.03 1.29-3.19 0.002
Gender (Male vs Female) 0.78 0.57-1.08 0.13 0.72 0.50-1.04 0.081

Infection of Vaccine

None — — — —
One or Two Dose 0.62 0.41-0.92 0.019 0.99 0.60-1.63 >0.9
Three dose 0.55 0.36-0.85 0.008 1.44 0.81-2.60 0.2

Number of Combined Diseases

None — — — —

<3 |.46 1.06-2.03 0.022 1.12 0.75-1.67 0.6

23 1.84 0.74-4.72 0.2 1.26 0.44-3.71 0.7
CT Findings (Pneumonia vs Non-Pneumonia) 1.07 0.78-1.48 0.7 0.7 0.47-1.04 0.081
CRP (> 3.38 mg/L vs < 3.38 mg/L) 3.08 2.22-429 < 0.001 227 1.56-3.32 <0.001
Platelets (< 205 E+09/L vs = 205 E+09/L) 353 2.54-4.93 < 0.001 2.04 1.39-2.99 <0.001
Leucocyte (< 5.2 E+09/L vs = 5.2 E+09/L) 3.05 2.20-4.25 < 0.001 2.1 1.42-3.11 <0.001
Lymphocytes (< 1.4 E+09/L vs = |.4 E+09/L) 2.65 1.91-3.68 < 0.001 1.18 0.79-1.75 0.4
Eosinophil (< 0.06 E+09/L vs = 0.06 E+09/L) 2.56 1.85-3.56 < 0.001 1.95 1.33-2.85 < 0.001
Basophil (< 0.02 E+09/L vs = 0.02 E+09/L) 2.08 1.50-2.88 < 0.001 1.26 0.86-1.83 0.2

Abbreviations: “OR, Odds Ratio; °Cl, Confidence Interval.

platelets less than 205 E+09/L (OR: 2.04; CI: 1.39-2.99; P < 0.001), leucocyte less than 5.2 E+09/L (OR: 2.1; CI: 1.42—
3.11; P < 0.001) and eosinophil less than 0.06 E+09/L (OR: 1.95; CI: 1.33-2.85; P < 0.001) were found to be
independently associated an increased risk of SARS-CoV-2 RNA positivity on day 7. These findings provide further
evidence for the predictive value of these variables in identifying individuals with delayed viral clearance.

Construction and Validation of the Nomogram for Risk of SARS-CoV-2 RNA Positivity
Lasting Longer Than 7 Days

Based on the results of the multivariate logistic regression analysis, a nomogram was developed to predict the risk of
VST > 7 days. As shown in Figure 4, the nomogram incorporates six variables, with each clinical factor corresponding to
a specific point value plotted on the Points axis. The total points can be calculated by summing these point values, and
the corresponding probability of SARS-CoV-2 RNA positivity lasting longer than 7 days can be estimated by drawing
a line straight down from the Total Points value to the Risk axis. The Nomogram was validated using both a training
cohort and a validation cohort. The AUC for the Nomogram in the training cohort was 0.761 (95% CI: 0.724-0.799) and
in the validation cohort was also high at 0.756 (95% CI: 0.697-0.816), indicating the Nomogram’s good discriminative
ability (Figure 5SA and C). Furthermore, in both the training and validation cohorts, the predicted viral shedding
probability at 7 days closely matched the observed results, indicating a good calibration (Figure 5B and D).
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Figure 4 Nomogram to predict the probabilities of viral shedding at 7 days. For each clinicopathological factor, find the corresponding point by drawing a vertical line from
that variable to the points axis. The sum of each variable score corresponds to probability of viral shedding at 7 days.

Discussion

The duration of viral shedding is important factor affecting the spread and transmission of the virus. Previous studies
have investigated factors that may influence the duration of viral shedding in SARS-CoV-2, including the Alpha and
Delta variants.”* 2’ However, there is currently a lack of models for predicting viral shedding time (VST) in the Omicron
variant. In our study, we identified six factors - age, CRP, platelet count, leukocyte count, lymphocyte count and
eosinophil count - that are readily amenable to laboratory investigation and associated with the duration of SARS-
CoV-2 Omicron viral shedding in non-serious cases.

In this work, we found that individuals over the age of 68 are at an increased risk for extended viral shedding of the
SARS-CoV-2 Omicron strain, which might be attributed to age-related changes in the immune system, such as decreased
production of type I interferon, which in turn leads to an imbalance between M1 and M2 macrophages and impair natural
killer cell activity, resulting in reduced virus clearance.”® According to an in vitro study, the Omicron virus can efficiently

 and the
30,31

replicate to high titers in Angiotensin-converting enzyme 2 (ACE2) receptor-overexpressed cell lines,
upregulation of ACE2 receptors in respiratory tract of elderly people may allow for more rapid virus replication.
Furthermore, older individuals may have a lower tolerance for increased inflammation and pro-inflammatory cytokine
production, which can result in cytokine storms.”® These factors may all contribute to slower viral clearance in older
patients with Omicron infection.

Our study also revealed the impact of CRP upregulation on Omicron viral clearance. CRP is a pentameric protein
produced in the liver in response to inflammation, primarily induced by interleukin-6 (IL-6). It is critical for the
recognition and removal of foreign pathogens.*” In COVID-19 patients, high CRP levels have been linked to an increased
risk of rapid progression to critical illness and in-hospital mortality. A retrospective analysis of 429 patients found that
those with CRP levels higher than 64.75 mg/L were more likely to suffer severe complications.>® Similarly, CRP levels
above 108mg/L were associated with disease severity and higher mortality in a cohort study of 2782 COVID-19
patients.** A 1035-patient retrospective research also revealed that COVID-19 patients were more likely to experience
a severe form of the illness if their CRP level was beyond 100 mg/L.*’ Patients infected with the Omicron generally have
lower CRP levels compared to those infected with the SARS-CoV-2 original strain.>® Additionally, there is no statistical
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Figure 5 AUC curve and calibration plot of the nomogram for the risk of SARS-Cov2 RNA positivity lasting longer than 7 days. (A) The area under ROC curve (0.761, 95%
ClI: 0.724-0.799) was utilized to assess the accuracy of nomogram. (B) Calibration plot for judging the prediction of nomogram. The red line denotes bias, while the green
diagonal line at a 45-degree angle represents perfect prediction. The nomogram is thought to be more reliable the closer these two lines are to one another. (C) The area
under ROC curve (0.756, 95% Cl: 0.697-0.816) of validation cohort. (D) Calibration plot for nomogram in validation cohort.

Abbreviations: ROC, receiver operating characteristic curve; AUC, area under the curve.

difference in CRP levels between Omicron-infected patients and non-Omicron infected febrile patients.>” But interest-
ingly, our study revealed that Omicron-infected patients had a considerably higher risk of delayed viral clearance even
with mildly raised CRP levels (above 3.38 mg/L). Despite being a non-specific biomarker of inflammation, CRP is
advantageous as a prognostic factor due to its wide availability and frequent testing compared to other biomarkers.
According to our study, SARS-CoV-2 Omicron-infected patients with low levels of certain hematological cells,
including platelets, leukocytes, lymphocytes, and eosinophils, were at higher risk for slower viral clearance. A significant
increase in risk is observed when these indicators drop below a certain threshold. While platelet counts are usually within
normal range and severe thrombocytopenia is rare,*® the thrombocytopenia was common in patients with severe COVID-
19 and was associated with a higher mortality rate.>®**° Despite differing reports on the direct interactions between
SARS-CoV-2 and platelets, majority of studies agree that platelets are activated during COVID-19 and some of them
further found viral RNA in platelets.*' The immune system’s response to viral infection, including the formation of
microthrombi following cytokine storm, can lead to increased platelet depletion, and the activation of immune system
can cause an antibody-mediated phagocytic response that increases platelet clearance,*>** both contributing to thrombo-
cytopenia in COVID-19 patients. This change in platelet counts appears to be specific to SARS-CoV-2 infection and has
not been observed with other coronavirus strains.** Collectively, these studies highlight the potentially intricate and
crucial role of platelets during the progression of SARS-CoV-2 infection. In our study, we discovered that patients
exhibiting lower platelet levels upon admission experienced protracted viral clearance times. This observation may
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suggest a correlation between platelet counts and the efficiency of viral clearance. Nevertheless, the exact interaction

between SARS-CoV-2 (especially the Omicron strain) and platelets remains unclear and requires further study.
Lymphopenia may be caused by a reduction in CD4" and some CD8" T cells, upsetting the equilibrium between the

innate and acquired immune systems.** It has been noted that critically ill COVID-19 patients frequently experience a large

drop in lymphocyte count.*® Direct infection of lymphoid organs,*’ cytokine storm,*® metabolic disorders,**>°

51,52

epigenetic

alteration and dysfunction of lymphocytes,
53,54

and expression alteration of genes involved in lymphocyte proliferation and
apoptosis may be the mechanisms underlying lymphopenia in COVID-19 patients. Although lymphocytes play an
important role in the process of SARS-CoV-2 infection, in one study involving 31 patients infected with the SARS-CoV-2
original strain, no relationship was found between the viral shedding period and the duration of lymphopenia.>> But our
investigation demonstrated that patients with low baseline lymphocyte counts during SARS-CoV-2 Omicron infection
experienced an extended duration of viral shedding, which may suggest that the clearance of the Omicron variant is more
reliant on lymphocyte activity in comparison to the original strain.

Eosinophils are mainly located in the gastrointestinal tract and lungs and have regulatory functions in protective immunity,
organ growth and metabolism. Eosinophils are currently considered to have a protective role in the initial stage of COVID-19,>®
and developing eosinopenia in the first compasses of COVID-19 is an indicator of poor prognosis and the worst disease course.’
According to one study, about half of the COVID-19 patients admitted to the hospital had eosinophilia, but for patients who were
improving, eosinophil cell count gradually returns to normal.”®* On the other hand, if eosinophil continues to decrease as the
disease progresses, it may lead to serious consequences, including higher mortality, tissue damage, and a higher presence of
coagulation disorder markers.®® Although the role of eosinophils in antiviral defense is not fully understood, our study found that
low levels of eosinophils on admission may contribute to the slower SARS-CoV-2 Omicron virus clearance.

Neutrophilia, a sign of severe respiratory involvement and poor prognosis in COVID-19 patients,®' has been found in
bronchoalveolar lavage fluid and circulation.®*** But we did not observe the association between higher neutrophil
counts and prolonged viral shedding in our investigation of non-severely symptomatic individuals with SARS-CoV-2
Omicron infection. This could be because only moderate inflammatory responses were generated in these patients.

Previous study has indicated that in elderly Omicron-infected patients over the age of 60, full vaccination can reduce
the time to virus shedding and provide protection against serious infection.®> However, in our study, we discovered that
vaccination status or the number of vaccine doses administered had no effect on the period of viral shedding, presumably
due to the wide age range of our study population and the fact that only half were above 60 years old. Despite the fact
that the Omicron variation has been demonstrated to evade immunity more easily than other VoCs, lowering the

66:67 yaccination remains

efficiency of clinically authorized vaccines such as mRNA and inactivated viral vaccines,
a crucial preventive approach, particularly for older persons.

There are several limitations to our study. One is the lack of viral load data, which is critical for understanding the
proliferation and spread of the virus. Another limitation is a lack of data on specific types of lymphocytes, such as CD4" and
CDS8" T cells, which play an important role in the immune response to SARS-CoV-2, including virus clearance and viral
variant recognition.®® Moreover, our available data is limited to the 7-day positivity status of patients; hence, further
investigations are required to determine if additional factors influence patients with viral clearance times exceeding 7 days.

Furthermore, because our work is a single-center retrospective study, it needed to be validated in larger prospective studies.

Conclusion

In this study, we identified six factors that are associated with delayed viral shedding in non-severe SARS-CoV-2
Omicron infection, including advanced age, elevated CRP levels and reduced counts of platelets, leukocytes, lympho-
cytes, and eosinophils. Based on these findings, we developed a nomogram to predict the probability of viral shedding at
7 days for non-severe patients with SARS-CoV-2 Omicron infection. Our study may help non-severely affected patients
to optimize their self-management strategies. For patients presenting the aforementioned high-risk factors, it is advisable
to extend the typically prescribed quarantine period.
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