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Abstract
Background  The number of pediatric cases of infection with the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) Omicron variant has increased. Here, we describe the clinical characteristics of children in a tertiary children’s 
medical center in Shanghai.
Methods  A total of 676 pediatric coronavirus disease 2019 (COVID-19) cases caused by the Omicron variant who were 
admitted to the Shanghai Children's Medical Center from March 28 to April 30, 2022 were enrolled in this single-center, 
prospective, observational real-world study. Patient demographics and clinical characteristics, especially COVID-19 vaccine 
status, were assessed.
Results  Children of all ages appeared susceptible to the SARS-CoV-2 Omicron variant, with no significant difference 
between sexes. A high SARS-CoV-2 viral load upon admission was associated with leukocytopenia, neutropenia, and 
thrombocytopenia (P = 0.003, P = 0.021, and P = 0.017, respectively) but not with physical symptoms or radiographic chest 
abnormalities. Univariable linear regression models indicated that comorbidities (P = 0.001) were associated with a longer 
time until viral clearance, and increasing age (P < 0.001) and two doses of COVID-19 vaccine (P = 0.001) were associated 
with a shorter time to viral clearance. Multivariable analysis revealed an independent effect of comorbidities (P < 0.001) and 
age (P = 0.003). The interaction effect between age and comorbidity showed that the negative association between age and 
time to virus clearance remained significant only in patients without underlying diseases (P < 0.001).
Conclusion  This study describes the clinical characteristics of children infected with the Omicron variant of SARS-CoV-2 
and calls for additional studies to evaluate the effectiveness and safety of vaccination against COVID-19 in children.
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Introduction

At the beginning of 2022, a wave of severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) spread rap-
idly in Shanghai, China. The Shanghai Municipal Health 
Commission reported a total of 537,644 cases, including 
53,355 confirmed cases as of April 30, 2022. Some studies 
have suggested that this outbreak was caused by the BA.2.2 

sublineage [1], which is derived from the Omicron variant 
[2]. The Omicron variant has raised serious concerns among 
the global public health community and general public due 
to its increased transmissibility, severity, and capacity for 
immune escape [3]. Promisingly, recent studies revealed 
that, as in adults, the severity of coronavirus disease 2019 
(COVID-19) in children infected with the Omicron variant 
was significantly less than that in those infected with the 
Delta variant [4, 5]. Moreover, as a severe complication of 
SARS-CoV-2 infection, a multisystem inflammatory syn-
drome in children during the Omicron wave was less fre-
quent and severe than during the Alpha or Delta waves of the 
COVID-19 pandemic [6]. However, notably, the presence 
of comorbidities was associated with moderate or severe 
outcomes among children with Omicron variant infection 

http://orcid.org/0000-0002-7637-2068
http://crossmark.crossref.org/dialog/?doi=10.1007/s12519-022-00621-6&domain=pdf


	 World Journal of Pediatrics

1 3

but not with Delta variant infection [4]. To date, few stud-
ies have examined pediatric cases of Omicron infections in 
China. Therefore, an updated analysis of pediatric cases with 
confirmed SARS-CoV-2 Omicron variant infection could 
help define the scope of clinical characteristics and severity 
of this disease.

Shanghai Children's Medical Center (SCMC) bears more 
than a quarter of the medical demand of children in Shang-
hai, including the Pudong and Fengxian districts. As of May 
31, 2022, a total of 798 confirmed cases of COVID-19 have 
been admitted to SCMC. COVID-19 vaccines are highly 
effective against symptomatic forms of this disease, and 
inactivated vaccines are approved for use in children and 
adolescents aged 3–17 years in China [7]. Modest reductions 
in mRNA vaccine effectiveness against infection and mild 
disease have been observed with the Beta and Delta variants 
[8–10]. However, the effectiveness of inactivated vaccines 
against symptomatic COVID-19 caused by the Omicron 
variant has been investigated in only a few studies. In the 
present study, we summarized the clinical characteristics of 
the first 676 children who were admitted to SCMC from 
March 28 to April 30, 2022, addressing the effectiveness of 
inactivated COVID-19 vaccines in children infected with the 
SARS-CoV-2 Omicron variant.

Methods

Study design and participants

This study was a single-center, prospective, observational 
real-world study conducted at the Shanghai Children's Med-
ical Center (SCMC) between March 28, 2022, and April 
30, 2022. SCMC admits patients with various pediatric 
diseases up to the age of 18 years. In this study, pediatric 
patients infected with the SARS-CoV-2 Omicron variant 
were enrolled only if they volunteered to participate, and 
their electronic medical records were available and included 
demographic data, COVID-19 vaccination status, clinical 
symptoms, laboratory findings, and chest radiographic find-
ings. The study was approved by the Institutional Review 
Board and the Ethics Committee of Shanghai Children's 
Medical Center (SCMCIRB-K2022053-3). Before inclusion, 
written informed consent was obtained from each patient 
and/or their parents.

SARS‑CoV‑2 nucleic acid detection

Oropharyngeal swabs were obtained upon admission and 
stored at 4 °C in inactivated virus preservation solution 
until RNA extraction. Simultaneous detection of three 
SARS-CoV-2 genes, ORF1ab (encoding RNA-dependent 
RNA polymerase), N (encoding nucleocapsid protein), and 

E (encoding envelope protein), was performed using SARS-
CoV-2 nucleic acid detection kits (Shanghai ZJ Bio-Tech 
Co. Ltd., Liferiver, cat. No. Z-RR-0479-02-50) with pre-
served oropharyngeal swabs following the manufacturer's 
instructions. Briefly, we prepared 25 μL reaction mixtures 
containing 5 μL of purified RNA and 20 μL of polymerase 
chain reaction (PCR) master mix for each sample. The PCR 
cycling conditions were as follows: (1) 45 °C for 10 min-
utes; (2) 95 °C for 3 minutes; and (3) 45 cycles of 95 °C 
for 15 seconds and 58 °C for 30 seconds. A cycle threshold 
(Ct) ≤ 43 was set as a cutoff for SARS-CoV-2 positivity.

Clinical data collection

Electronic medical records were reviewed to obtain demo-
graphic and clinical data, including age, sex, comorbidities, 
clinical symptoms, laboratory findings, chest radiographic 
findings, and COVID-19 vaccination status. COVID-19-pos-
itive patients were then transferred to hospitals specializing 
in COVID-19 treatment, and follow-up interviews were con-
ducted by phone every two weeks until viral clearance. The 
main purpose of the follow-up interview was to determine 
the time elapsed in hospital care until the patients were nega-
tive for SARS-CoV-2.

Several special clinical variables, including radiographic 
chest abnormalities, SARS-CoV-2 viral load upon admis-
sion, and time to SARS-CoV-2 clearance, were collected. 
The definitions of these variables are as follows. Radio-
graphic chest abnormality referred to at least one abnormal 
radiographic feature, such as blurred lung texture, lung exu-
dation, lung consolidation, and pleural effusion, based on 
chest X-ray or chest computed tomography (CT) at initial 
diagnosis of COVID-19. Moreover, the Ct value of quanti-
tative PCR (qPCR) was used to indicate the SARS-CoV-2 
viral load upon admission. A higher Ct value indicates a 
lower viral load. In addition, the time to SARS-CoV-2 clear-
ance was taken from the date of qPCR positivity for SARS-
CoV-2 and ended on the first negative qPCR.

Statistical analysis

As appropriate, continuous variables were expressed as 
medians and interquartile ranges (IQRs) or means and stand-
ard deviations depending on the normality of the distribution 
of the variables. Categorical variables were summarized as 
counts and percentages. Comparisons of clinical character-
istics among patients were conducted between those with 
normal and those with abnormal chest radiographic mani-
festations using either Student's t test or the Wilcoxon rank-
sum test for continuous variables and the Chi-squared test or 
Fisher's exact test for categorical variables. Univariate logis-
tic regression was used to evaluate the association between 
each COVID-19 symptom and the SARS-CoV-2 viral load 
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upon admission. Univariate linear regression was further 
used to assess the association between routine blood test 
results and the viral load upon admission. In addition, base-
line clinical impacts of the viral load and the time needed 
for viral clearance were estimated using univariate and 
multivariate linear regression models. Interactions between 
impacts were tested. If a significant interaction effect was 
detected, the multivariable model was further stratified. P 
values < 0.05 were considered statistically significant. All 
statistical analyses were performed using R software, version 
4.0.3 (http://​www.R-​proje​ct.​org).

Results

Demographic and clinical characteristics

A total of 676 pediatric cases of COVID-19 were enrolled 
in this study, of whom 611 (90.4%) completed follow-
up interviews (Fig. 1). During this COVID-19 outbreak 
in Shanghai and in the Pudong District in particular, the 
number of admissions increased in our hospital in a man-
ner consistent with the significant increase in the over-
all number of infections (Supplementary Fig. 1). In the 

present study, 474 of 676 patients underwent chest radio-
graphic examination, including chest X-ray and chest CT. 
Eight of the 474 radiographic chest examinations showed 
abnormalities in both types of imaging, with 27.6% pre-
senting with abnormalities in at least one type of imag-
ing. The most common changes in chest imaging were 
blurred lung texture (89.3%) and exudation (13.7%). Sup-
plementary Figure 2 shows the radiologic findings upon 
admission.

Notably, transcutaneous oxygen saturation remained 
normal in all patients at admission. Furthermore, no 
patient was admitted to an intensive care unit, required 
mechanical ventilation, or died in this study. Moreover, 
the median age of these patients was 2.9 (IQR = 1.4–6.2) 
years, and 54.7% were male. The highest infection rate was 
observed in children aged 1–3 years (31.8%), followed by 
4–6 years (22.2%), and 7–12 years (20.7%). Younger age 
was associated with a higher incidence of abnormal chest 
imaging (P = 0.002). Fever was the most common symp-
tom, present in 86.5% of the patients upon admission, fol-
lowed by cough (35.8%), rhinorrhea (11.2%), and nausea 
and vomiting (9.9%). Among the overall children, 10.5% 
had at least one underlying disease (e.g., hematological 
malignancies, cardiovascular diseases, and chronic lung 
diseases). Children with comorbidities were more likely to 
present abnormal chest imaging than those without comor-
bidities, with borderline statistical significance (15.3% vs. 
8.7%, P = 0.057). Vaccination status was known for 646 
(95.6%) patients, of whom 119 (18.4%) were vaccinated. 
Of the 119 vaccinated patients, 22 (3.3%) were vaccinated 
once, and 97 (14.3%) were vaccinated twice. No children 
had ever received three doses of inactivated vaccines. Vac-
cination status was not associated with radiographic chest 
abnormalities in the patients. The demographic and clini-
cal characteristics of the pediatric patients are presented 
in Table 1.

Detection assays performed at admission showed that 
the median Ct values of the SARS-CoV-2 ORF1ab, N, 
and E genes were 28.2 (IQR = 21.1–32.4), 27.6 (IQR = 
19.2–32.1), and 26.3 (IQR = 19.4–30.7), respectively, 
with higher Ct values corresponding to lower viral RNA 
titers. No significant differences were found between the 
Ct values of the ORF1ab, N, and E genes in the abnormal 
chest imaging group and the normal chest imaging group 
(P = 0.571, P = 0.434, and P = 0.550, respectively). In 
addition, there were no obvious differences between white 
blood cell, lymphocyte, and neutrophil counts or among 
the C-reactive protein values of these two groups (P = 
0.947, P = 0.562, P = 0.652, and P = 0.185, respectively) 
(Table 1). The children diagnosed with COVID-19 with 
abnormal chest imaging did not have more prominent 
laboratory abnormalities than those with normal chest 
imaging.

Fig. 1   The flow chart of this study. SCMC Shanghai Children's Medi-
cal Center, COVID-19 coronavirus disease 2019, SARS-CoV-2 severe 
acute respiratory syndrome coronavirus 2

http://www.R-project.org
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Table 1   Clinical characteristics and laboratory findings of children with SARS-CoV-2 infection with normal or abnormal chest radiographic 
findings

SARS-CoV-2 severe acute respiratory syndrome coronavirus 2, IQR interquartile range, SD standard deviation, CT computed tomography, ORF 
open reading frame, N nucleocapsid gene, E envelope protein gene

Characteristics All patients (N = 676) Chest radiographic findings P

With abnormal chest 
imaging (n = 131)

With normal chest imag-
ing (n = 343)

Age (y)
 Median (IQR) 2.9 (1.4–6.2) 1.9 (0.9–3.6) 2.8 (1.3–6.1) 0.002
 Distribution, n (%)
   < 1 118 (17.5) 34 (26.0) 67 (19.5)
  1–3 215 (31.8) 53 (40.5) 104 (30.3)
  4–6 150 (22.2) 20 (15.3) 76 (22.2)
  7–12 140 (20.7) 14 (10.7) 72 (21.0)
  12–18 32 (4.7) 5 (3.8) 13 (3.8)

Male sex, n (%) 370 (54.7) 76 (58.0) 185 (53.9) 0.487
Symptoms at entry, n (%)
 Fever 585 (86.5) 116 (88.5) 305 (88.9) 0.329
 Cough 242 (35.8) 51 (38.9) 125 (36.4) 0.848
 Nasal congestion 30 (4.4) 9 (6.9) 16 (4.7) 0.506
 Rhinorrhea 76 (11.2) 19 (14.5) 38 (11.1) 0.443
 Sore throat 33 (4.9) 5 (3.8) 10 (2.9) 0.874
 Hoarseness 21 (3.1) 2 (1.5) 11 (3.2) 0.466
 Shortness of breath 10 (1.5) 3 (2.3) 4 (1.2) 0.656
 Wheeze 11 (1.6) 5 (3.8) 5 (1.5) 0.232
 Nausea and vomiting 67 (9.9) 6 (4.6) 40 (11.7) 0.025
 Diarrhea 20 (3.0) 4 (3.1) 10 (2.9) 1.000

Comorbidity, n (%)
 Without comorbidity 605 (89.5) 111 (84.7) 313 (91.3) 0.057
 With comorbidity 71 (10.5) 20 (15.3) 30 (8.7)

Vaccination status, n (%) 0.431
 Unvaccinated 527 (78.0) 110 (84.0) 275 (80.2)
 One dose 22 (3.3) 2 (1.5) 10 (2.9)
 Two doses 97 (14.3) 13 (9.9) 45 (13.1)

Laboratory findings, mean ± SD
 C-reactive protein (mg/L) 4.8 ± 9.7 4.2 ± 6.4 4.4 ± 9.7 0.888
 White blood cell count ( × 109/L) 6.6 ± 3.0 6.6 ± 2.7 6.6 ± 3.1 0.947
 Red blood cell count ( × 1012/L) 4.5 ± 0.5 4.4 ± 0.5 4.5 ± 0.5 0.203
 Haemoglobin (g/L) 124.5 ± 12.9 122.2 ± 14.1 123.5 ± 12.6 0.309
 Platelet count ( × 109/L) 216.6 ± 82.3 231.6 ± 94.5 217.0 ± 81.2 0.097
 Lymphocyte count ( × 109/L) 1.9 ± 1.5 2.1 ± 1.7 2.0 ± 1.6 0.562
 Neutrophil count ( × 109/L) 3.9 ± 2.7 3.7 ± 2.4 3.8 ± 2.9 0.652
 Proportion of lymphocytes (%) 29.8 ± 19.4 31.8 ± 20.1 31.2 ± 20.5 0.782
 Proportion of neutrophil (%) 56.9 ± 20.7 55.1 ± 21.0 55.6 ± 21.8 0.826

Initial SARS-CoV-2 tests, median (IQR)
 CT value of SARS-CoV-2 ORF1ab gene 28.2 (21.1–32.4) 27.6 (20.7–32.3) 26.0 (20.3–32.1) 0.571
 CT value of SARS-CoV-2 N gene 27.6 (19.2–32.1) 27.0 (18.4–32.3) 25.0 (18.4–31.2) 0.434
 CT value of SARS-CoV-2 E gene 26.3 (19.4–30.7) 25.7 (18.8–30.5) 24.2 (18.5–30.1) 0.550
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Clinical characteristics and protective or impact 
factors for viral load associated with SARS‑CoV‑2 
viral load upon admission

The associations between SARS-CoV-2 viral load upon 
admission and different clinical characteristics of these 
children were evaluated. First, univariate logistic regres-
sion was used to assess possible relationships between 
COVID-19 symptoms and SARS-CoV-2 viral load upon 
admission to our clinic. No significant association was 
observed between the prevalence of COVID-19-related 
symptoms and SARS-CoV-2 titer, using Ct values for the 
ORF1ab gene from qPCR-based detection tests as a marker 
for viral load in patients (Table 2). In addition, there was no 
association between chest radiographic results and SARS-
CoV-2 viral load upon admission [odds ratio (OR) = 1.013, 
95% confidence interval (CI) = 0.982–1.046, P = 0.403]. 
However, evaluation of potential links between routine 
blood tests and SARS-CoV-2 viral load upon admission by 
univariate linear regression revealed a significant inverse 
relationship between high viral load and several markers 
of infection, including low white blood cell counts (coef-
ficient = 0.056, 95% CI = 0.019–0.092, P = 0.003), low neu-
trophil counts (coefficient = 0.039, 95% CI = 0.006–0.072, 
P = 0.021), and low platelet counts (coefficient = 1.277, 
95% CI = 0.233–2.322, P = 0.017) (Table 3). These results 
thus indicated that SARS-CoV-2 viral load upon admission 
was associated with laboratory abnormalities rather than 
physical symptoms and radiographic chest abnormalities. 
In light of this association, we next investigated whether 
clinical features could be used to predict high SARS-CoV-2 
viral loads at admission. Both univariate and multivariable 
linear regression analyses showed that age, sex, comorbidi-
ties, and COVID-19 vaccination status were not associated 
with Ct values from the initial SARS-CoV-2 detection assays 
(Table 4).

Factors associated with duration until SARS‑CoV‑2 
viral clearance in children with COVID‑19

We next investigated whether clinical characteristics 
were associated with the time to SARS-CoV-2 clearance. 
First, the examination of univariable linear regression 
models for SARS-CoV-2 viral clearance indicated that 
comorbidities (coefficient = 2.07, 95% CI = 0.90–3.23, 
P = 0.001) were associated with a longer time until viral 
clearance, and increasing age (coefficient = −  0.23, 
95% CI = −  0.33 to −  0.13, P < 0.001) or two doses 
of a COVID-19 vaccine (coefficient = −  1.80, 95% 
CI = − 2.86 to − 0.74, P = 0.001) were associated with a 
shorter time to viral clearance. However, further examina-
tion revealed that only comorbidities (coefficient = 2.77, 
95% CI = 1.58–3.96, P < 0.001) and increasing age (coef-
ficient = − 0.33, 95% CI = − 0.54 to − 0.11, P = 0.003) 
remained significant in multivariable analysis (Table 5). 
Moreover, a significant interaction effect between age 
and comorbidity on time to virus clearance was detected 
(P < 0.001) (Supplementary Table 1). Thus, regression 
analysis was further stratified by comorbidities. The sub-
group analysis in Table 5 and along with Fig. 2 showed 
that the negative association between age and time to 
virus clearance remained significant only in patients 
without underlying diseases (coefficient = − 0.37, 95% 
CI = − 0.46 to − 0.27, P < 0.001 in the univariable model; 
coefficient = − 0.37, 95% CI = − 0.50 to − 0.23, P < 0.001 
in the multivariable model) but not in patients with under-
lying diseases (coefficient = 0.25, 95% CI = − 0.12–0.63, 
P = 0.184 in the univariable model; coefficient = 0.18, 
95% CI = − 0.27–0.62, P = 0.425 in the multivariable 
model) (Table  5). Furthermore, the influence of two 
doses of COVID-19 vaccine on time to SARS-CoV-2 
clearance was not significant after adjustment for age, 
sex, and comorbidity status in multivariable analysis 

Table 2   Effects of SARS-CoV-2 initial viral load on clinical symp-
toms

SARS-CoV-2 severe acute respiratory syndrome coronavirus 2, CI 
confidence interval

Clinical symptoms Odds ratio (95% CI) P

Fever 0.960 (0.903–1.019) 0.188
Cough 1.019 (0.992–1.047) 0.177
Nasal congestion 0.980 (0.923–1.041) 0.507
Rhinorrhea 0.987 (0.949–1.027) 0.531
Sore throat 1.032 (0.974–1.096) 0.295
Hoarseness 1.043 (0.968–1.129) 0.278
Shortness of breath 0.987 (0.892–1.093) 0.796
Wheeze 1.084 (0.976–1.224) 0.156
Nausea and vomiting 0.958 (0.917–1.000) 0.053
Diarrhea 0.995 (0.919–1.079) 0.901

Table 3   Effects of SARS-CoV-2 initial viral load on laboratory find-
ings

SARS-CoV-2 severe acute respiratory syndrome coronavirus 2, CI 
confidence interval

Blood routine parameters Coefficient (95% CI) P

C-reactive protein 0.069 (– 0.047 to 0.184) 0.242
White blood cell count 0.056 (0.019–0.092) 0.003
Red blood cell count – 0.007 (– 0.013 to – 0.001) 0.023
Haemoglobin – 0.073 (– 0.241 to 0.096) 0.397
Platelet count 1.277 (0.233–2.322) 0.017
Lymphocyte count 0.014 (– 0.005 to 0.032) 0.162
Neutrophil count 0.039 (0.006–0.072) 0.021
Proportion of lymphocytes – 0.060 (– 0.306 to 0.187) 0.635
Proportion of neutrophil 0.105 (– 0.159 to 0.370) 0.436
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(coefficient = − 0.37, 95% CI = − 1.71–0.98, P = 0.594) 
(Table 5). In addition, we also noticed that only comorbid-
ities (coefficient = 3.58, 95% CI = 2.17–5.00, P < 0.001) 
were associated with a longer time until viral clearance, 
and neither age nor vaccination status was associated with 
the time until viral clearance in the subgroup above three 
years of age (Supplementary Table 2).

Discussion

As the COVID-19 pandemic spread, so did its effects on 
the pediatric population. Although it was initially argued 
that children were less susceptible to SARS-CoV-2 infec-
tion, increasing evidence indicates that children have similar 
rates of SARS-CoV-2 infection as adults [11]. Significant 

Table 4   Univariate and multivariable linear regression analyses of impact factors for initial viral load in the study patients

CI confidence interval

Impact factors Univariate analysis Multivariable analysis

Coefficient (95% CI) P Coefficient (95% CI) P

Age 0.35 (– 0.13 to 0.83) 0.149 0.63 (– 0.14 to 1.40) 0.106
Male sex – – – –
Female sex 1.21 (– 0.99 to 3.41) 0.280 1.29 (– 0.97 to 3.55) 0.262
Without co-morbidity – – – –
With co-morbidity 2.42 (– 0.26 to 5.11) 0.077 2.46 (– 0.34 to 5.26) 0.085
Vaccination status-unvaccinated – – – –
Vaccination status-one dose – 2.54 (– 6.65 to 1.57) 0.224 – 2.72 (– 6.80 to 1.35) 0.189
Vaccination status-two doses – 1.39 (– 3.69 to 0.91) 0.234 – 1.55 (– 3.92 to 0.82) 0.198

Table 5   Univariate and multivariable linear regression analyses of impact factors for time until viral clearance in all patients and the patients 
without or with underlying disease

CI confidence interval

Impact factors Univariate analysis Multivariable analysis

Coefficient (95% CI) P Coefficient (95% CI) P

All patients
 Age – 0.23 (– 0.33 to – 0.13)  < 0.001 – 0.33 (– 0.54 to – 0.11) 0.003
 Male sex – – – –
 Female sex 0.29 (– 0.45 to 1.03) 0.438 0.19 (– 0.55 to 0.92) 0.619
 Without co-morbidity – – – –
 With co-morbidity 2.07 (0.90–3.25) 0.001 2.77 (1.58–3.96)  < 0.001
 Vaccination status-unvaccinated – – – –
 Vaccination status-one dose – 0.42 (– 2.46 to 1.62) 0.687 0.58 (– 1.50 to 2.66) 0.584
 Vaccination status-two doses – 1.80 (– 2.86 to – 0.74) 0.001 – 0.37 (– 1.71 to 0.98) 0.594

Patients without underlying disease
 Age – 0.37 (– 0.46 to – 0.27)  < 0.001 – 0.37 (– 0.50 to – 0.23)  < 0.001
 Male sex – – – –
 Female sex 0.55 (– 0.17 to 1.28) 0.134 0.61 (– 0.10 to 1.31) 0.092
 Vaccination status-unvaccinated – – – –
 Vaccination status-one dose – 1.97 (– 4.01 to 0.007) 0.058 – 0.49 (– 2.56 to 1.57) 0.640
 Vaccination status-two doses – 2.31 (– 3.33 to – 1.29)  < 0.001 0.06 (– 1.25 to 1.38) 0.925

Patients with underlying disease
 Age 0.25 (– 0.12 to 0.63) 0.184 0.18 (– 0.27 to 0.62) 0.425
 Male sex – – – –
 Female sex – 1.19 (– 4.25 to 1.87) 0.439 – 0.24 (– 3.52 to 3.05) 0.886
 Vaccination status-unvaccinated – – – –
 Vaccination status-one dose 6.68 (– 0.05 to 13.41) 0.052 5.79 (– 1.40 to 12.98) 0.112
 Vaccination status-two doses 0.85 (– 2.85 to 4.55) 0.647 0.06 (– 4.12 to 4.23) 0.978
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differences between COVID-19 in children and adults 
include a higher proportion of children with asymptomatic 
infection than adults, and even among children with symp-
tomatic infection, the disease is most often mild [12, 13]. 
From the beginning of 2022, SARS-CoV-2 infections fueled 
by the Omicron variant have been predominantly responsible 
for outbreaks in China, especially in Shanghai. While the 
Omicron variant exhibits decreased levels of virulence, sev-
eral reports have described a range of severe outcomes and 
considerable mortality rates among adults [14]. The results 
of this study show that children of all ages are suscepti-
ble to the Omicron variant, with no significant difference 
between sexes. Although clinical manifestations in children 
infected with Omicron are not severe, younger children are 
more likely to display abnormalities on chest radiography. 
Moreover, a high SARS-CoV-2 viral load upon admission is 
associated with leukocytopenia, neutropenia, and thrombo-
cytopenia but not with physical symptoms and radiographic 
chest abnormalities. In addition, the time until SARS-CoV-2 
viral clearance is longer in younger children or those with 
underlying diseases.

More than half a million cases of SARS-CoV-2 virus 
were identified in Shanghai in March and April of 2022. 
The infection rate in children was also much higher than 

that reported for previous outbreaks. However, this unfortu-
nate outcome for children could be expected, in light of data 
showing that the Omicron variant has higher transmissibility 
than any of the previous ten SARS-CoV-2 variants [15]. The 
high number of mutations in the spike protein facilitates at 
least partial immune evasion for Omicron, even from poly-
clonal antibody responses, frequently facilitating reinfection 
and vaccine breakthroughs [16]. One recent study revealed 
that Omicron can replicate quickly in primary cultures of 
human airway cells at rates faster than those reported for 
the Delta variant, which was previously the dominant vari-
ant of concern. The Omicron spike protein also binds to its 
primary receptor, human angiotensin-converting enzyme 2, 
with higher affinity than other variants. These results show 
that Omicron can infect more cells in the respiratory epi-
thelium than other variants, increasing its infectiousness at 
lower exposure doses and enhancing its intrinsic transmis-
sibility [17].

Fortunately, no seriously ill pediatric patients infected 
with the SARS-CoV-2 Omicron variant required mechani-
cal ventilation in this study, regardless of whether they had 
underlying diseases. COVID-19 disease severity appeared to 
be lower during the Omicron period than during other pre-
vious periods of high transmission [18]. In a recent in vivo 
study, the SARS-CoV-2 Omicron variants exhibited less 
pathogenicity than other earlier SARS-CoV-2 strains [19]. 
Additionally, consistent with previous reports in children, 
we found that the SARS-CoV-2 viral load at the time of 
hospital admission was not associated with disease severity. 
Asymptomatic children can also carry high viral loads and 
shed culturable viruses [20]. Therefore, although COVID-
19 severity is milder in pediatric populations than in adult 
populations, children can still potentially serve as commu-
nity reservoirs for actively replicating the virus.

This study showed that increasing age or two doses of 
a COVID-19 vaccine were associated with a shorter time 
to viral clearance in a univariable model. However, only 
increasing age remained significant in multivariable analy-
sis. In China, inactivated COVID-19 vaccines are available 
for children older than three years [7]. In the subgroup above 
three years of age, there was no correlation between age 
or vaccination status and the time to viral clearance. The 
difference between these results may be related to the high 
correlation between COVID-19 vaccination status and age. 
Given that Shanghai successively launched vaccination pro-
grams for children aged 12–17, 6–11 and 3–5 years old from 
August to December 2021, 101 (36.2%) patients above three 
years of age without underlying diseases were vaccinated in 
the present study. Among them, the vaccination coverage 
rate in patients aged seven years or above reached 65.8%. 
Additionally, 18 (39.1%) children over three years of age 
with comorbidities were vaccinated, of whom 15 were over 
seven years old. Obviously, older age was related to a high 

Fig. 2   The time until viral clearance among patients of different ages 
and vaccination statuses with (a) or without (b) underlying diseases
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vaccination rate. Thus, determining which factor played a 
vital role in shortening viral clearance when both were asso-
ciated was difficult in this study.

The widespread COVID-19 vaccine is a critical tool to 
combat COVID-19 in children. One recent study showed 
that two doses of the COVID-19 mRNA vaccine could pro-
vide limited protection against symptomatic disease caused 
by the Omicron variant, but that protection waned over 
time [21]. Data from an in vitro study indicated that this 
highly infectious variant can be neutralized after a boost 
with immune sera elicited by inactive COVID-19 vaccines 
[22]. A recent study demonstrated that a three-dose inac-
tivated vaccine is a protective factor for severe COVID-19 
in adults infected with the Omicron variant; however, no 
significant correlation was observed between vaccination 
and disease severity in children. Furthermore, the duration 
of hospitalization and recovery was shorter for those who 
had received two or three doses of inactivated vaccine than 
for unvaccinated patients for patients across all age groups, 
but no difference was observed in pediatric patients [5]. 
Nevertheless, the sample size of this study was too small 
to be conclusive. Our findings also suggest that COVID-19 
disease severity is not associated with vaccination status in 
children. Two doses of the COVID-19 vaccine may be ben-
eficial in shortening the time to viral clearance. Whether 
two doses of COVID-19 vaccine can be used as an inde-
pendent protective factor in shortening the time to viral 
clearance remains incompletely defined. Thus, additional 
well-designed cohort studies are required to explore the 
safety and efficacy of inactivated vaccines in children to 
improve current vaccination policies.

This study has several other limitations. First, this was 
a single-center study; a larger cohort including different 
regional populations in a multicenter study could pro-
vide more robust statistical support for our conclusions. 
Second, chest CT scans were unavailable for the large 
majority of cases in this study. Because the amount of 
radiation populations received in CT examination was 
higher than that in X-rays, and the patients in this study 
were nonsevere at the time of admission. Therefore, the 
determination of infection in the lungs relied on chest 
X-rays in this study.

In conclusion, this study describes the clinical character-
istics of pediatric cases infected with the Omicron variant 
of SARS-CoV-2. Omicron variant infection in children is 
associated with less severe disease. A high SARS-CoV-2 
viral load upon admission is associated with leukocytopenia, 
neutropenia, and thrombocytopenia. In addition, the time 
until SARS-CoV-2 viral clearance is longer in younger chil-
dren or those with underlying diseases.
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