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Abstract. Objective: Among the Omicron carriers, asymptomatic ones should be paid
close attention to due to their silence in clinical symptoms and uncertainty in secondary
transmission. The clinical characteristics associated with viral shedding of asymptomatic
patients need to be carefully investigated especially for children. Methods: We revisited the
clinical data from 471 pediatric patients who have been infected with the SARS-CoV-2
Omicron variant in 2022. The cases were divided into symptomatic and asymptomatic groups
according to clinical manifestations. Descriptive analysis and survival analysis were applied for
the comparison between the groups.Results: A total number of 333 patients were selected out of
the original 471 children according to certain eligibility criteria, which resulted in 192 (57.7%)
symptomatic and 141 (42.3%) asymptomatic cases. According to the univariate analysis, we
discovered that the asymptomatic carriers had significantly shorter negative conversion time
(NCT) (10±8 days) compared with the symptomatic ones (14±7 days) (p<0.001). Conclusion:
The NCT of asymptomatic patients, is shorter than the symptomatic ones, signifying that the
asymptomatic patients may be equipped with shorter periods of self- or centralized isolation.
These results could provide important implications for future policy-making or anti-virus
treatment to lower the overall transmission risk to society.

.
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1 Introduction

Starting from the end of 2021, Omicron has become one of the predominated
variants of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) and the
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infections have exploded worldwide [1]. A study from Shanghai, China shows that in
the last year’s largest Omicron wave in Shanghai (April-June, 2022), 94.3% of cases
were asymptomatic [2]. Researchers found that the incidence rate of Omicron was 6
to 8 times that of the Delta variant in children younger than 5 years old [3].
Accelerating the negative conversion of SARS-CoV-2 for patients is beneficial in
reducing the risk of secondary viral transmission [4]. However, systematic research
on asymptomatic pediatric patients infected with Omicron remains lacking, and the
corresponding information regarding the clinical manifestations and outcomes is still
limited. Clinicians usually evaluate the virus infectivity for rapid antigen testing by
RT-PCR cycle threshold (Ct) of nucleocapsid protein (N gene) and open reading
frame lab (ORF1ab) values [5]. The corresponding Ct values and negative conversion
time (NCT) of N genes and ORF1ab are significant indicators in determining the
discharge criteria during hospitalization or centralized quarantine [6,7]. Therefore, we
carefully considered the aforementioned immunologic factors during our analyses.
In this study, we carried out a retrospective study to analyze the clinical

characteristics of a pediatric cohort aged between 1 and 12 years. Attention was
especially paid to the asymptomatic cases who were diagnosed with SARS-CoV-2,
and Omicron but without any relevant clinical symptoms before hospitalization.
Univariate and multivariate analyses were conducted to investigate the clinical
outcomes among different groups to benefit the understanding of NCT and reduce the
transmission risk of asymptomatic pediatric patients. We experimentally proved the
existence of varying NCTs between different groups, hoping that our findings could
provide useful implications for the precise prevention and control of the disease.

2 Method

2.1 Cohort selection

This retrospective cohort study was conducted on 471 children aged between 1 and 12
years infected with SARS-CoV-2 Omicron (BA.2) who have been admitted to
Shenzhen Third People’s Hospital, China, between February 14, 2022, and April 14,
2022, for centralized isolation and clinical treatment. Patients diagnosed with SARS-
CoV-2 were based on the positive RT-PCR SARS-CoV-2 testing results from the
oropharyngeal and nasal swabs test. A total number of 333 patients were selected out
of the original 471 children according to certain eligibility criteria, which resulted in
192 (57.7%) symptomatic and 141 (42.3%) asymptomatic cases.This study was
approved by the Institutional Review Board (IRB) of the Shenzhen Third People’s
Hospital, China. All participants have been informed of the potential benefits, risks,
and alternatives associated with this research.
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2.2 Group and variable definitions

The clinical characteristics and laboratory test results were collected from the record
of each patient. The clinical characteristics include demographic information (sex,
age), vaccination status (including doses), and clinical manifestations (including
cough, fever, sore throat, runny nose, nasal congestion, weak, bellyache, and
vomiting). The laboratory test results include white blood cell count (WBC),
lymphocytes (LYMPH), platelets (PLT), prothrombin time (PT), albumin (ALB),
Natriuretic Peptide Tests (NT-proBNP), IgM antibody (IgM) and IgG antibody values
(IgG), IL6, Ct values for ORF1ab (ORF1ab_Ct) and N gene (N_Ct), etc. Empty
values were imputed using the CART algorithm to ensure consistency in distribution
[8]. The symptomatic group was identified according to the chief complaint upon
admission to the hospital. Cases with a record of any aforementioned clinical
manifestations are considered symptomatic. The discharge criteria are defined as the
Ct values of both N genes and ORF1ab are higher than 35. The NCT is subsequently
identified as the latter time for the satisfaction of the two Ct values. Thus, the negative
conversion period is defined as the duration between admission and NCT1. The age
was stratified into two groups, i.e. 1≤age≤6 and 6<age≤12.

2.3 Statistical Analyses

In the univariate analysis, the continuous variables which satisfy normal distribution
(according to the Shapiro-Wilk normality test) were expressed as the mean and
standard deviation (SD) and others as the median and interquartile range (IQR).
Categorical variables were described as numbers (percentages). Comparisons between
groups (p-values) were estimated by univariate analyses, i.e. Chi-square test for
categorical variables, and t-test and Wilcoxon Rank sum test for continuous variables.
The risks of asymptomatic or symptomatic manifestations in regard to NCT were
estimated using a Kaplan-Meier method that can be used with time-varying
covariates. Propensity score matching (1:1 matching according to the clinical
variables with the “nearest” matching strategy) and multivariate Cox proportional
hazards regression (Hazard ratio [HR] and 95% confidence interval [CI]) were further
leveraged to estimate the risk of negative conversion comparing the asymptomatic
with the symptomatic group. All analyses were conducted using RStudio with R
version 4.1.2. Two-sided p-values less than 0.05 were considered statistically
significant.

1 We use NCT to denote the negative conversion period for simplicity below.
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3 Method

3.1 Cohort characteristics

Among the 333 cases, 192 belong to the symptomatic group, and 141 belong to the
asymptomatic group.

Table 1. Table captions should be placed above the tables.

Features Asymptomati
c

Symptomati
c

p-value Symptomati
c

p-value

Before PSM After 1:1 PSM

Cases, n (%) 141 (42.3) 192 (57.7) 141

Sex, n (%) 0.037* 0.339

male 72 (51.1) 120 (62.5) 80 (56.7)

female 69 (48.9) 72 (37.5) 61 (43.3)

Age group, n (%) 0.027* 0.074

≤6 65 (46.1) 112 (58.3) 80 (56.7)

>6 76 (53.9) 80 (41.7) 61 (43.3)

Vaccination, n (%) 0.134 0.302

unvaccinated 78 (55.3) 127 (66.1) 90 (63.8)

vaccinated (1 dose) 34 (24.1) 35 (18.2) 25 (17.7)

boosted (2 doses) 29 (20.6) 30 (15.6) 26 (18.4)

vaccinated (1 dose + 2 doses) 63 (44.7) 65 (33.9) 51 (36.2)

SNI, n (%) 0.63 0.812

No 66 (46.8) 95 (49.5) 71 (50.4)

Yes 75 (53.2) 97 (50.5) 70 (49.6)

Laboratory results

WBC (× 109/L), median
(IQR)

6.6 (5.2,8.5) 5.5 (4.6,7.6) 0.001** 5.6 (4.7,7.9) 0.029*

LYMPH (× 109/L), median
(IQR)

2.7 (1.9,3.8) 2.4 (1.4,3.4) 0.02* 2.6 (1.8,3.6) 0.321

PLT (× 109/L), median (IQR)
286 (229,342)

256
(212.8,306)

0.015*
270 (221,323) 0.21

AST(g/L), median (IQR) 35.2
(28.9,41.9)

37.5
(31.2,45.4)

0.002** 36.3 (29.7,43) 0.25
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ALB (g/L), mean (SD) 44.9
(43.1,47.8)

45.1
(43.4,46.9)

0.7
45.3

(43.4,46.9)
0.856

PT(second), median (IQR) 13.5 (0.7) 13.7 (0.8) 0.132 13.6 (0.7) 0.414
NT.proBNP（pg/m), median

(IQR)
34.8

(19.3,68.1)
36.9

(18.5,76.6)
0.621 34.8 (16.9,72) 0.794

IgM (g/L), median (IQR) 1.1 (0.3,3.1) 0.5 (0.2,1.5) 0.001** 0.6 (0.2,2) 0.044*

IgG (g/L), median (IQR) 44.4
(0.6,108.3)

7.2 (0.3,55.5)
<

0.001***
16.7

(0.4,68.3)
0.012*

IL6 (pg/ml), median (IQR) 6.9 (2.6,11) 7.4 (4.1,12.6) 0.073 7.4 (5,12.6) 0.103

N_Ct, median (IQR) 36.6
(35.1,37.8)

35.8
(33.4,37.3)

0.002**
36.4

(34.5,37.6)
0.279

ORF1ab_Ct, median (IQR) 36.7
(31.4,38.6)

35.3
(31.1,37.9)

0.069
35.7

(31.2,38.1)
0.2

NCT of N gene (day),
median (IQR)

7 (1,15) 13 (9,17)
<

0.001***
13 (9,17)

<
0.001***

NCT of ORF1ab (day),
median (IQR)

4 (0,12) 11 (7,14)
<

0.001***
11 (8,14)

<
0.001***

NCT, median (IQR)
10 (3,16) 14 (11,18)

<
0.001***

14 (11,18)
<

0.001***
Significance levels: ***’ 0.001 ‘**’ 0.01 ‘*’ 0.05

The characteristics of these patients are listed in Table 1. For the unmatched
cohort, this descriptive analysis demonstrates that male (p=0.037) and younger aged
patients (≤ 6) (p=0.027) are more likely to be symptomatic. There are significant
differences in several laboratory results including WBC (p=0.001), LYMPH (p=0.02),
PLT (p=0.015), AST (p=0.002), IgM (p=0.001), IgG (p<0.001), and N_Ct (p=0.002)
between the two groups. Specifically, the NCTs of both N genes and ORF1ab in the
asymptomatic group are shorter than those in the symptomatic group (p<0.001),
resulting in the overall NCT of the asymptomatic group being significantly shorter
(10 [3, 16] days versus 14 days [11, 18], p<0.001). After PSM, the remaining
significant laboratory variables are WBC (p=0.029), IgM (p=0.044), and IgG
(p=0.012). And the NCTs still show significant differences (p<0.001).

3.2 Hazard ratios of negative conversion

After adjusting to the considered variables, the results of Cox proportional hazard
models showed the hazard ratio of each factor considering possible confounders.
From Figure 3, we notice that the “asymptomatic” condition is significantly
associated with the negative status (1.51 [1.20-1.91], p<0.001 and 1.49 [1.17-1.91],
p=0.001). In addition, vaccinated one dose (p=0.017 and p=0.036), a higher level of
IgG (p=0.049 and p=0.036), and a lower value of the N gene Ct (p<0.001) show
increasing hazards with negative conversion, both before and after PSM.
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a) The cox result before PSM. b) The cox result after PSM.
Figure 1. The forest plot shows hazard ratios generated by the Cox model.

4 Discussion

The percentage of asymptomatic infections was 42.3% among pediatric patients in
our study, which was higher than that of the general population reported in [9]
(32.40% [25.30-39.51%]). In the pooled percentage of asymptomatic infections was
43.75% in the Omicron-positive individuals when the median age is less than 20
years, which was similar to the result in our study. The univariate analysis revealed
that the WBC and lymphocytes of the asymptomatic infections are generally higher
than those of the symptomatic infections (with minor exceptions). During the same
period, the children infected with the Omicron variant with reduced lymphocyte
proportion demonstrated a longer time of viral nucleic acid negative conversion in
Shanghai [10], which was similar to those discovered in our study. This could be
explained by the “cytokine storm” of symptomatic infections. The higher Th1
cytokines including IL-2, IL-8, IL-2, IL-8, IL-12p70, IFN-γ, and TNF-α, as well as
Th2 cytokines including IL-10 and IL-13 lead to the depletion of WBC and
lymphocytes [11].

We next compared the differences in SARS-CoV2-specific IgM and IgG antibody
values and positive rates between symptomatic and asymptomatic infections (Table
1). The IgM value of the asymptomatic group was higher than that of the symptomatic
group (1.1 [0.3, 3.1] vs. 0.6 [0.2, 0.2], p=0.044, after PSM). More significantly, the
IgG value of asymptomatic infected children was higher than that of the symptomatic
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infected children (44.4 [0.6, 108.3] vs. 16.7 [0.4, 68.3], p=0.012, after PSM). These
results may indicate that the virus in asymptomatic infected children can stimulate the
immune system to produce higher levels of SARS-CoV2-specific IgM and longer-
lasting IgG antibodies. Our findings suggested that asymptomatic infected children
may produce higher levels of SARS-CoV2-specific IgM and IgG to avoid body
damage, thus affecting the clinical manifestations and clinical type of children.

. In our study, we found that vaccination (including one dose and two doses) raises
the possibility of asymptomatic manifestation (46.3 % asymptomatic without
vaccination versus 55.3% with vaccination), which means vaccination can effectively
decrease the risk of appearing symptoms. Results also verified that vaccination was
associated with a faster negative conversion (1.37, [1.04-1.80], p=0.027). Children
show some loss of cross-neutralization against all variants of SARS-CoV-2, with the
most pronounced loss against Omicron, while vaccination can effectively increase
high titers cross-neutralization against Alpha, Beta, Gamma, Delta, and Omicron[11].

The transmission risk of children Omicron infections may be different from that of
adults. This study found that the NCT of the asymptomatic infected children averages
10 days (3, 16), which is analogous to the NCT (averages 10 days) of the
asymptomatic children with the SARS-CoV-2 infection reported in [12]. But the NCT
of symptomatic infected children (average 14 days) is longer than the NCT of infected
Omicron adults reported in (6-9 days) [13]. The time of nasopharyngeal / pharyngeal
swab viral RNA turning negative was reported as ranging from 6 to 22 days (mean 12
days) in previous research [14]. Compared with the symptomatic infected children,
the NCT of asymptomatic infected children was shorter. It indicates that the risk of
transmission of asymptomatic infections is lower than that of the symptomatic
infections, which is similar to the result of adults in a previous study [15].

Multivariate Cox proportional hazards regression demonstrated that the NCT of
asymptomatic infection was inversely correlated with the Ct thresholds of N gene
(p<0.001) and ORF1ab (mildly significant with p-value of 0.066 after PSM) in our
research. It showed that even previous studies have summarized that having higher Ct
values links to lower amount of viral RNA, which means cases with higher Ct values
tend to being asymptomatic [15,16],

This study has several limitations. Firstly, the study found that vaccination is more
prone to asymptomatic infection with clinical features, suggesting that vaccination has
a protective effect, but we did not further analyze more stratified situations.Secondly,
there is a proportion of empty values in the data.In addition, symptomatic and
asymptomatic children also have the risk of Long COVID disease. There is an urgent
to build a follow-up survey of those children to investigate the risk of long COVID.

5 Conclusion

We conducted a systematic analysis of children infected with Omicron and found
that the NCT of asymptomatic patients, is shorter than the symptomatic ones,
signifying that the asymptomatic patients may be equipped with shorter periods of
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self- or centralized isolation, in front of determining the measures to prevent
community transmission. It is also confirmed that vaccination assists in the
acceleration of negative conversion. These results could provide important
implications for future policy-making, e.g. informing targeted isolation periods, to
lower the overall transmission risk to society.
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