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Background: Measurements of IgG antibodies to wild-type SARS-CoV-2 antigens 
can assess vaccine efficacy, but the absolute risk of Omicron symptomatic 
infection at different IgG levels for children and adolescents remains uncertain, 
as well as the minimum effective antibody level. We  sought to determine the 
relationship between the tertiles of IgG antibodies to wild-type SARS-CoV-2 
antigens and children with symptomatic infection of the pandemic and duration 
to negative conversion in China for the first time.

Methods: A retrospective study was conducted, including 168 participants under 
18  years old from the No.2 People’s Hospital of Lanzhou, China, diagnosed with 
Omicron variant BA.2.38 between July 8, 2022, and August 2, 2022. We calculated 
odds ratios (OR) in univariate and multivariate regression to assess the association 
of symptomatic infection with the tertiles of IgG, respectively. Kaplan–Meier 
curves and Cox proportional hazards regression were used to evaluate the 
relationship between IgG level and negative conversion time.

Results: The average age of the 168 children included in this study was 7.2 (4.7) 
years old, 133 (79.2%) were symptomatic patients, and the average negative 
conversion time was 12.2 (3.5) days. The participants with high IgG levels were 
less likely to become symptomatic, had a shorter turnaround time, and had 
higher values of IgM and nucleic acid CT. Compared to those with the lowest 
tertile of IgG, patients with the highest tertile had a 91% lower risk of developing 
a symptomatic infection after fully adjusting for confounders (OR  =  0.09, 95% 
CI, 0.02-0.36, p  =  0.001). There’s no robust relationship between IgG level and 
negative conversion time in multivariate Cox regression.

Conclusion: The risk of developing a symptomatic infection can be  predicted 
independently by tertiles of IgG antibodies to wild-type SARS-CoV-2 antigens. 
High IgG levels can inhibit viral replication, vastly reduce the risk of symptomatic 
infections and promote a virus-negative conversion, especially when IgG 
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quantitative detection was ≥3.44  S/CO, a potential threshold for protection and 
booster strategy in the future. More data and research are needed in the future to 
validate the predictive models.
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1. Introduction

The emergence of the Omicron variant of severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2), which has led 
to an increase in the number of global infections in a short period, 
is highly transmissible and has caused widespread concern (1, 2). It 
has become a major variant in many countries around the world, 
and China is no exception (3, 4). Also, it is associated with increased 
infection rates and higher hospitalization rates in children (5, 6). 
More importantly, the Omicron variant and its multiple sub-lineages 
can undergo immune escape, which not only increases resistance in 
convalescent plasma but also decreases vaccine efficacy (7, 8). 
Recent studies have shown that vaccine boosters can help prevent 
Novel Coronavirus (2019-nCoV) infection in children and reduce 
the risk of severe disease (9, 10). However, boosters are a key part 
to maintain high neutralizing antibody levels, which carries certain 
risks and complications, such as myocarditis, pericarditis, 
thrombosis and so on (11). Thus, it is necessary to seek improved 
methods and optimal recommendations on booster 
decision-making.

Studies have shown that antibody levels, especially neutralizing 
antibody levels, are highly predictive of vaccine efficacy, and 
neutralizing antibody levels are highly predictive of immune 
protection against symptomatic or severe SARS-CoV-2 infection 
(12, 13). Recently, it has been confirmed that anti-spike SARS-
CoV-2 antibodies help reduce the risk of breakthrough infections 
among adults (14). Moreover, immunoglobulin G (IgG) levels of 
SARS-CoV-2-specific antibodies have been confirmed to 
be effective in predicting neutralizing antibody levels and assessing 
vaccine efficacy (15). In China, tests for IgG antibodies against 
SARS-CoV-2, detected by chemiluminescence, a semi-quantitative 
detection method, are more readily available than those for the 
neutralizing antibody (16, 17). However, studies on the association 
between the levels of antibodies against wild-type SARS-CoV-2 
antigens induced by inactivated vaccines among Chinese children 
and the risk prediction of time to negative conversion are still rare. 
Besides, the accurate quality and quantity of neutralizing antibodies 
required to prevent humans from infection with SARS-CoV-2 
remain uncertain (18).

Since vaccine resources are limited, it is critical to optimize 
booster vaccinations based on antibody levels. Here, we describe 
the relationship between IgG levels, other available laboratory 
markers, symptomatic infections, and time to negative conversion. 
We sought to examine the hypothesis that tertiles of IgG might 
identify populations at increased risk of symptomatic infections and 
that it takes longer for those children with a low IgG level to 
turn negative.

2. Materials and methods

2.1. Study design and population

This retrospective cohort study was conducted from August 20, 
2022, to September 2, 2022, using the clinical medical records in the 
No.2 People’s Hospital of Lanzhou between July 8, 2022, and August 2, 
2022. All patients under 18 years old with Omicron variant BA.2.38 
were included in the study if they had the laboratory tests within 24 h 
after admission, particularly IgG against SARS-CoV-2. Those were 
excluded if their findings of IgG were unavailable or available after the 
seventh day of disease progression calculated from the first positive 
nucleic acid test. Neither the patient nor the patient’s family members 
denied any history of the previous infection. This study was reviewed 
and approved by the Ethics Committee of Guangdong Provincial 
Hospital of Chinese Medicine (Ethic number: ZF2022-246-01), and 
informed consent was obtained from the guardians of the participants. 
Additionally, the Reporting Guidelines for Strengthening the Reporting 
of Observational Studies in Epidemiology (STROBE) were followed.

All patients with enough identifying information were able to 
be  associated with symptomatic infection and time to negative 
conversion. Data from 168 patients were computed in the analysis 
after the study exclusion criteria were applied (Figure 1).

2.2. Study variables

By retrieving the electronic medical record system, the data 
collected embraced demographic information, clinical signs and 
symptoms, vaccinations, comorbidities (nephrotic syndrome, 
hemopathy, other condition with immune deficiency or suppression 
and etc.), and laboratory values, such as blood counts (leukocytes, 
neutrophils, lymphocytes, hemoglobin, platelet count), inflammatory 
markers (C-reactive protein [CRP], procalcitonin [PCT], serum 
amyloid [SAA], interleukin-6 [IL-6]), liver function parameters 
(alanine aminotransferase [ALT], aspartate aminotransferase [AST]), 
myocardial enzymes (creatine kinase [CK], CK isoenzyme MB 
[CK-MB], lactate dehydrogenase [LDH]), coagulation function 
indicators (D-dimer [DDi], fibrinogen [FIB]), cycle threshold (CT) of 
SARS-CoV-2 nucleic acid test (CT of nucleocapsid protein [N-CT], 
CT of open reading frame 1ab [ORF1ab-CT]), and antibodies against 
2019-nCoV (immunoglobulin G [IgG], immunoglobulin M [IgM]), 
which were indirectly detected with wild-type SARS-CoV-2 
recombinant antigens including the nucleoprotein and a peptide from 
the spike protein in an available Magnetic Chemiluminescence 
Enzyme Immunoassay Kit of Bioscience. Add reagents, samples, and 
magnetic beads successively, and mix to react thoroughly. Then wash, 
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and add pre-excitation and excitation solutions to detect the signal as 
a relative light unit (RLU), which is further converted into the final 
titer reading, expressed in the titer unit of S/CO (16, 19).

Asymptomatic infection was defined as the absence of clinical 
symptoms and positive signs on physical examination from the time 
of diagnosis of Omicron infection to the end of hospitalization, while 
symptomatic infection was defined as the presence of any clinical 
symptom reported by the children or their guardians or positive sign 
retrieved from electronic medical record system (20). Besides, 
children with peripheral capillary oxygen saturation < 93% were 
diagnosed with severe infection (20). Time to negative conversion, 
also called turnaround time, was described as the duration from the 
date of the first nucleic acid positive to the first date of two consecutive 
nucleic acid negatives.

2.3. Outcomes

The outcome indicators of this study included the occurrence of 
symptomatic infection and the negative conversion time.

2.4. Statistical analysis

Descriptive analyses demonstrate distributions of demographic, 
clinical, and laboratory characteristics at baseline concerning tertiles 
of IgG levels (the first tertile of IgG, T1, serves as a reference; the third 
tertile, T3, represents the highest levels). For numerical variables, 
we used the mean (standard deviation [SD]) or median (interquartile 
range [IQR]), and for categorical variables, we used the frequency (%). 
Binary logistic regression models in univariate and multivariate 
analyses were used to determine whether IgG level is a significant 

independent predictor of symptomatic infection, with odds ratios 
(OR) and 95% confidence intervals (CI), respectively. Also, 
we assessed the relationship between IgG levels and time to negative 
conversion with Kaplan–Meier (KM) survival curves and the Breslow 
test. Hazard ratios (HR) and 95% CI were regulated using Cox 
proportional hazards regression models to analyze the risk of negative 
conversion associated with IgG levels. In the multivariate regression 
analysis, candidate variables with a p-value < 0.20  in univariate 
analysis and those thought to be clinically relevant were included in 
unconditional stepwise logistic regression analysis using the 
maximum likelihood estimation method (21, 22). For each model, the 
lowest value was the reference. It was statistically significant in 2-sided 
tests with a p-value < 0.05. All statistics were conducted in SPSS 
software version 25.0, except KM survival curves using the R language 
and the forest plot in MedCalc software.

3. Results

3.1. Characteristics of participants with 
different IgG levels

Among the 168 participants, they were healthy and had no history 
of SARS-CoV-2 infection previously; the mean age at baseline was 7.2 
(4.7) years; 89 (53.0%) were male; 133 (79.2%) were symptomatic; 2 
(1.2) were diagnosed with severe infection without respiratory failure, 
septic shock, and/or multiple organ dysfunction (one in T1 and the 
other in T3); and the mean turnaround time was 12.2 (3.5) days. The 
study population featured according to the tertiles of IgG against 
2019-nCoV (Table 1). T1 tertile of IgG was 0.01-0.42 S/CO; T2 of that 
was 0.43-3.43 S/CO; T3 of that was 3.44-134.32 S/CO. The mean time 
from the first positive virus PCR to antibody detection was 1.7 (1.6) 

FIGURE 1

Study flow diagram. The study population for the main analysis (n  =  168) consisted of participants continuously enrolled in the No.2 People’s Hospital 
of Lanzhou, who had complete data, such as IgG values within 7  days during the course of disease, symptomatic infection, and negative conversion 
time.
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TABLE 1 Patient characteristics according to tertiles of IgGa1.

Variables All patients 
(N  =  168)

Tertiles of SARS-CoV-2-Ig G

T1:0.01–0.42 S/
CO (n  =  56)

T2:0.43–3.43 S/
CO (n  =  56)

T3:3.44–134.32 
S/CO (n  =  56)

Gender Male 89 (53.0) 31 (55.4) 32 (57.1) 26 (46.4)

Female 79 (47.0) 25 (44.6) 24 (42.9) 30 (53.6)

Age group, y 0-6 78 (46.4) 47 (83.9) 10 (17.9) 21 (37.5)

>6, ≤12 61 (36.3) 4 (7.2) 34 (60.7) 23 (41.1)

>12, <18 29 (17.3) 5 (8.9) 12 (21.4) 12 (21.4)

Time from the first 

positive virus PCR to 

antibody detection

Mean (SD), d 1.7 (1.6) 1.7 (1.5) 1.4 (1.1) 1.8 (2.0)

Severity at the end of 

observation
Asymptomatic 35 (20.8) 4 (7.1) 10 (17.9) 21 (37.5)

Symptomatic 133 (79.2) 52 (92.9) 46 (82.1) 35 (62.5)

Severe infection Yes 2 (1.2) 1 (1.8) 0 (0) 1 (1.8)

No 164 (98.8) 55 (98.2) 56 (100) 55 (98.2)

Vaccination Unvaccinated 50 (29.7) 45 (80.4) 5 (8.9) 0 (0.0)

1 dose 3 (1.8) 0 (0.0) 2 (3.6) 1 (1.8)

2 doses 95 (56.5) 4 (7.1) 44 (78.6) 47 (83.9)

3 doses 5 (3.0) 1 (1.8) 3 (5.3) 1 (1.8)

Vaccinated with uncertain 

dose
7 (4.2) 0 (0.0) 0 (0.0) 7 (12.5)

Missing 8 (4.8) 6 (10.7) 2 (3.6) 0 (0.0)

Negative conversion time Mean (SD), d 12.2 (3.5) 12.8 (3.5) 12.6 (3.5) 11.2 (3.3)

≤8 days 19 (11.3) 3 (5.4) 2 (3.6) 14 (25.0)

≤9 days 35 (19.0) 8 (14.3) 7 (12.5) 17 (30.4)

≤10 days 62 (36.9) 19 (33.9) 15 (26.8) 28 (50.0)

Symptoms and signs

Fever 89 (53.0) 43 (76.8) 25 (44.6) 21 (37.5)

Stages of fever No. 161 53 55 53

<37.3°C 79 (49.1) 13 (24.5) 31 (56.4) 35 (66.0)

37.3-39°C 52 (32.3) 23 (43.4) 17 (30.9) 12 (22.7)

≥39.1°C 30 (18.6) 17 (32.1) 7 (12.7) 6 (11.3)

Cough 77 (45.8) 23 (41.1) 30 (53.6) 24 (42.9)

Sputum 37 (22.0) 13 (23.2) 14 (25.0) 10 (17.9)

Stuffy nose 12 (7.1) 5 (8.9) 3 (5.4) 4 (7.1)

Runny nose 18 (10.7) 7 (12.5) 6 (10.7) 5 (8.9)

Fatigue 15 (8.9) 7 (12.5) 4 (7.1) 4 (7.1)

Excessive sweating 1 (0.6) 0 (0.0) 0 (0.0) 1 (1.8)

Dry throat 3 (1.8) 2 (3.6) 0 (0.0) 1 (1.8)

Sore throat 15 (8.9) 1 (1.8) 12 (21.4) 2 (3.6)

Tickle in throat 10 (6.0) 1 (1.8) 7 (12.5) 2 (3.6)

Headache 9 (5.4) 3 (5.4) 4 (7.1) 2 (3.6)

Body pain 1 (0.6) 1 (1.8) 0 (0.0) 0 (0.0)

Lost sense of smell 1 (0.6) 1 (1.8) 0 (0.0) 0 (0.0)

Abdominal pain 6 (3.6) 3 (5.4) 1 (1.8) 2 (3.6)

(Continued)
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TABLE 1 (Continued)

Variables All patients 
(N  =  168)

Tertiles of SARS-CoV-2-Ig G

T1:0.01–0.42 S/
CO (n  =  56)

T2:0.43–3.43 S/
CO (n  =  56)

T3:3.44–134.32 
S/CO (n  =  56)

Abdominal distension 2 (1.2) 2 (3.6) 0 (0.0) 0 (0.0)

Nausea 8 (4.8) 2 (3.6) 4 (7.1) 2 (3.6)

Vomiting 7 (4.2) 3 (5.4) 3 (5.4) 1 (1.8)

Decreased appetite 30 (17.9) 18 (32.1) 7 (12.5) 5 (8.9)

Bad sleep 15 (8.9) 12 (21.4) 2 (3.6) 1 (1.8)

Abnormal bowel 

movements

18 (10.7) 9 (16.1) 7 (12.5) 2 (3.6)

Irritable 22 (13.1) 17 (30.4) 2 (3.6) 3 (5.4)

Conjunctival injection 1 (0.6) 0 (0.0) 0 (0.0) 1 (1.8)

SpO2, % <93 2 (1.2) 1 (1.8) 0 (0.0) 1 (1.8)

93–94 2 (1.2) 1 (1.8) 0 (0.0) 1 (1.8)

≥95 164 (97.6) 54 (96.4) 56 (100.0) 54 (96.4)

Laboratory findings

WBC No. 167 55 56 56

mean (SD),10^9/L 6.1 (2.4) 7.0 (3.0) 5.1 (1.7) 6.1 (2.0)

NEUT No. 167 55 56 56

mean (SD),10^9/L 3.0 (1.7) 2.9 (1.9) 2.8 (1.5) 3.3 (1.6)

LYM No. 167 55 56 56

mean (SD),10^9/L 2.4 (1.8) 3.4 (2.4) 1.8 (1.3) 2.1 (1.0)

Hb No. 167 55 56 56

mean (SD), g/L 131.1 (11.5) 125.4 (12.2) 135.0 (11.3) 132.7 (8.8)

PLT No. 167 55 56 56

mean (SD),10^9/L 238.5 (70.7) 253.4 (82.7) 222.7 (52.4) 239.7 (71.7)

CRP levels No. 165 53 56 56

≤10 mg/L 151 (91.5) 52 (98.1) 47 (83.9) 52 (92.9)

11-19 mg/L 7 (4.2) 1 (1.9) 6 (10.7) 0 (0.0)

≥20 mg/L 7 (4.2) 0 (0.0) 3 (5.4) 4 (7.1)

PCT levels No. 155 52 53 50

<0.1 ng/ml 105 (67.7) 28 (53.8) 43 (81.1) 34 (68)

0.1-0.25 ng/ml 30 (19.4) 15 (28.8) 6 (11.3) 9 (18)

>0.25 ng/ml 20 (12.9) 9 (17.3) 4 (7.5) 7 (14)

SAA levels No. 156 54 52 50

≤10 μg/ml 2 (1.3) 0 (0.0) 0 (0.0) 2 (4.0)

>10 μg/ml 154 (98.7) 54 (100.0) 52 (100.0) 48 (96.0)

IL-6 levels No. 156 52 53 51

≤7 pg./ml 121 (77.6) 37 (71.2) 44 (83) 40 (78.4)

>7 pg./ml 35 (22.4) 15 (28.8) 9 (17) 11 (21.6)

ALT levels No. 167 56 56 55

≤40 U/L 149 (89.2) 47 (83.9) 50 (89.3) 52 (94.5)

41–59 U/L 11 (6.6) 4 (7.2) 5 (8.9) 2 (3.6)

≥60 U/L 7 (4.2) 5 (8.9) 1 (1.8) 1 (1.8)

AST levels No. 168 56 56 56

(Continued)
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days with 1.7 (1.5) days in the T1 group, 1.4 (1.1) days in the T2 group, 
and 1.8 (2.0) days in the T3 group respectively, and there was no 
significant difference between IgG groups. As for the vaccines, the 
children in China could be vaccinated with inactivated vaccines only 
and 110 individuals had a history of vaccination. Briefly, the mean 
time from the first positive virus PCR to antibody detection and the 
type of vaccines did not make sense to the level of IgG.

Compared to those with the lowest level of IgG (T1), participants 
with the highest level of IgG (T3) were more likely to complete two or 
three doses of vaccination (48 [85.7%] vs. 5 [8.9%]); less likely to 
develop a symptomatic infection (35 [62.5%] vs. 51 [91.1%]); less 
likely to have a fever (21 [37.5%] vs. 43 [76.8%]), decreased appetite(5 
[8.9%] vs. 30 [17.9%]), bad sleep (12[21.4%] vs. 1[1.8%]), elevated 
AST (>40 U/L) (2 [3.6%] vs. 29 [51.8%]), elevated DDi (7 [13.4%] vs. 
19 [33.9%]), lower level of CK (mean[SD] 83.9 [34.8]) vs. (111.3[43.9]), 
lower level of CK-MB (mean[SD] 15.6[4.1] vs. 25.2[9.5]), and lower 
level of LDH (mean[SD], 232.3[47.0] vs. 304.1[68.6]), higher value of 
N-CT (mean[SD], 30.2[4.1]vs. 25.2[4.2]), higher value of ORF1ab-CT 
(mean[SD], 30.2[5.0] vs. 24.6[4.5]), and higher value of IgM 
(median[IQR], 0.22[0.13–0.43] vs. 0.08[0.05, 0.17]); more likely to 
need shorter time to negative conversion (mean[SD] days, 11.2 [3.3] 
vs. 12.8 [3.5], respectively); more likely to have a negative conversion 

of 8 days, 9 days and 10 days after diagnosis of infection (14 [25.0%] 
vs. 3 [5.4%]; 17 [30.4%] vs. 8 [14.3%]; 28 [50.0%] vs. 19 [33.9%]).

3.2. Risk of symptomatic infection 
associated with IgG levels and clinical risk 
factors

Table  2 shows univariate and multivariate regression models 
assessing baseline variables and occurrence of symptomatic infection.

Firstly, the univariate regression model indicated the variables, 
such as gender, age group, CRP levels, PCT levels, SAA levels, IL-6 
levels, ALT levels, DDi levels, WBC, NEUT, LYM, Hb, PLT, and SARS-
CoV-2 IgM, made no statistic difference between asymptomatic and 
symptomatic infection with a p-value ≥0.20. Children vaccinated 
before were less likely to be symptomatic than those unvaccinated 
(OR = 0.30, 95% CI, 0.11–0.82, p = 0.019). Unadjusted regression 
analysis demonstrated a decrease in risk of symptomatic infection in 
the elevated tertile of IgG with a significantly decreasing OR in Model 
1. The T3 group of IgG had an 87% lower risk of developing a 
symptomatic infection compared with T1 group (OR = 0.13, 95% CI, 
0.04–0.41, p < 0.001); the T2 group of IgG had an 65% lower risk of 

TABLE 1 (Continued)

Variables All patients 
(N  =  168)

Tertiles of SARS-CoV-2-Ig G

T1:0.01–0.42 S/
CO (n  =  56)

T2:0.43–3.43 S/
CO (n  =  56)

T3:3.44–134.32 
S/CO (n  =  56)

≤40 U/L 132 (78.6) 27 (48.2) 51 (91.1) 55 (96.4)

41–59 U/L 21 (12.5) 16 (28.6) 4 (7.1) 1 (1.8)

≥60 U/L 15 (8.9) 13 (23.2) 1 (1.8) 1 (1.8)

CK No. 166 55 56 55

Mean (SD), U/L 98.0 (41.8) 111.3 (43.9) 98.9 (42.2) 83.9 (34.8)

CK-MB No. 166 55 56 55

Mean (SD), U/L 19.6 (8.9) 25.2 (9.5) 18.1 (9.0) 15.6 (4.1)

LDH No. 167 55 56 56

Mean (SD), U/L 258.0 (67.5) 304.1 (68.6) 238.5 (61.0) 232.3 (47.0)

DDi levels No. 158 56 50 52

≤0.50 μg/ml 121 (76.6) 37 (66.1) 39 (78) 45 (86.5)

0.51–0.99 μg/ml 26 (16.5) 13 (23.2) 7 (14.0) 6 (11.5)

≥1.00 μg/ml 11 (7.0) 6 (10.7) 4 (8.0) 1 (1.9)

FIB No. 163 56 52 55

Mean (SD), g/L 2.3 (0.6) 2.0 (0.5) 2.5 (0.5) 2.4 (0.5)

N-CT No. 155 55 52 48

Mean (SD) 27.6 (4.8) 25.2 (4.2) 27.8 (4.9) 30.2 (4.1)

ORF1ab-CT No. 151 57 52 44

Mean (SD) 27.3 (5.4) 24.6 (4.5) 27.8 (5.4) 30.2 (5.0)

SARS-CoV-2 IgM No. 168 56 56 56

Median (IQR), S/CO 0.14 (0.07,0.30) 0.08 (0.05,0.17) 0.15 (0.07,0.33) 0.22 (0.13,0.43)

WBC, white blood cell count (5.0–12.0) × 10^9/L; NEUT, neutrophil count (2.0-7.0) × 10^9/L; LYM, lymphocyte count (0.8-4.0) × 10^9/L; Hb, hemoglobin; PLT, platelet count (100-
300) × 10^9/L; CRP, C-reactive protein; PCT, procalcitonin (0.000–0.046) ng/l; SAA, serum amyloid (0.00-10.00) μg/l; IL- 6, interleukin 6 (0.00-10.00) pg/l; ALT, alanine aminotransferase 
(0–50) U/L; AST, aspartate aminotransferase (0–40) U/L; CK, creatine kinase (24–194) U/L; CK-MB, creatine kinase isoenzyme MB (0–25) U/L; LDH, lactate dehydrogenase (109–245) U/L; 
DDi, D-dimer (0.00-0.55) μg/ml; FIB, fibrinogen (2.00–4.00) μg/ml; N-CT, cycle threshold of nucleocapsid protein < 40; ORF1ab-CT, cycle threshold of open reading frame 1ab, < 40; No., 
number of valid cases; a1, the data are presented as number (percent) unless otherwise indicated.
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TABLE 2 Binary regression of symptomatic infection.

Variables Asymptomatic 
(n  =  35)

Symptomatic 
(n  =  133)

Model 1 Model 2 Model 3

Univariable 
OR (95%CI)

P Multivariable 
OR (95%CI)

P Multivariable 
OR (95%CI)

P

Gender Female 15 (42.9) 64 (48.1) 1.00 (Ref.)

Male 20 (57.1) 69 (51.9) 1.24 (0.58–2.62) 0.579 NA NA NA NA

Age group, y 0-6 14 (40.0) 64 (48.1) 1.00(Ref.)

>6, ≤12 13 (37.1) 48 (36.1) 0.81 (0.35–1.88) 0.619 NA NA NA NA

>12, <18 8 (22.9) 21 (15.8) 0.57 (0.21–1.56) 0.276 NA NA NA NA

Vaccinationb1 Unvaccinated 5 (14.3) 45 (36.0) 1.00(Ref.)

Vaccinated 30 (85.7) 80 (64.0) 0.30 (0.11–0.82) 0.019 NA NA NA NA

Tertiles of IgG
T1(0.01–

0.42 S/CO)
4 (11.4) 52 (39.1) 1.00(Ref.) 1.00(Ref.) 1.00(Ref.)

T2(0.43–

3.43 S/CO)
10 (28.6) 46 (34.6) 0.35 (0.10–1.21) 0.097 0.19 (0.04-0.82) 0.026 0.19 (0.04-0.83) 0.028

T3(3.44–

134.32 S/CO)
21 (60.0) 35 (26.3) 0.13 (0.04-0.41) <0.001 0.09 (0.02-0.35) 0.001 0.09 (0.02-0.36) 0.001

CRP levels No. 35 130

≤10 mg/L 34 (97.1) 117 (90.0) 1.00(Ref.)

11–19 mg/L 0 (0.0) 7 (5.4)
469454227.8 

(0.00 − +∞)
0.999 NA NA NA NA

≥20 mg/L 1 (2.9) 6 (4.6) 1.74 (0.20–14.99) 0.612 NA NA NA NA

PCT levels No. 30 125

<0.1 ng/ml 24 (80.0) 81 (64.8) 1.00(Ref.)

0.1–0.25 ng/

ml
4 (13.3) 26 (20.8) 1.93 (0.61–6.06) 0.263 NA NA NA NA

>0.25 ng/ml 2 (6.7) 18 (14.4) 2.67 (0.58–12.32) 0.209 NA NA NA NA

SAA levels No. 29 127

≤10 μg/ml 1 (3.4) 1 (0.8) 1.00(Ref.)

>10 μg/ml 28 (96.6) 126 (99.2) 4.50 (0.27–74.14) 0.293 NA NA NA NA

IL-6 levels No. 31 125

≤7 pg./ml 26 (83.9) 95 (76.0) 1.00(Ref.)

>7 pg./ml 5 (16.1) 30 (24.0) 1.64 (0.58–4.65) 0.351 NA NA NA NA

ALT levels No. 35 132

≤40 U/L 30 (85.7) 119 (90.2) 1.00(Ref.)

41-59 U/L 3 (8.6) 8 (6.1) 0.67 (0.17–2.69) 0.574 NA NA NA NA

≥60 U/L 2 (5.7) 5 (3.8) 0.63 (0.12–3.41) 0.592 NA NA NA NA

AST levels No. 35 133

≤40 U/L 30 (85.7) 102 (76.7) 1.00(Ref.)

41–59 U/L 2 (5.7) 19 (14.3) 2.80 (0.62–12.68) 0.183 NA NA NA NA

≥60 U/L 3 (8.6) 12 (9.0) 1.18 (0.31–4.44) 0.811 NA NA NA NA

DDi levels No. 34 124

≤0.50 μg/ml 27 (79.4) 94 (75.8) 1.00(Ref.)

0.51–0.99 μg/

ml

6 (17.6) 20 (16.1) 0.96 (0.35–2.62) 0.933 NA NA NA NA

≥1.00 μg/ml 1 (2.9) 10 (8.1) 2.87 (0.35–23.45) 0.325 NA NA NA NA

WBC No. 35 132

(Continued)
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developing a symptomatic infection compared to T1 group (OR = 0.35, 
95% CI, 0.10–1.21, p < 0.097) (Figure  2). LDH was also positively 
associated with symptomatic infection (OR = 1.01, 95% CI, 1.00–1.02, 
p = 0.010). Besides, univariate analysis screened out candidate 
variables with a p-value <0.20, such as N-CT (OR = 0.92, 95% CI, 
0.84–1.01, p = 0.068), ORF1ab-CT (OR = 0.93, 95% CI, 0.86–1.01, 
p = 0.096), CK (OR = 1.01, 95% CI, 1.00–1.02, p = 0.027), CK-MB 
(OR = 1.05, 95% CI, 1.00–1.11, p = 0.070), and FIB (OR = 1.79, 95% CI, 
0.89–3.60, p = 0.101).

Secondly, a multivariate regression model was conducted to 
evaluate the association between IgG tertiles and the occurrence of 
symptomatic infection. As mentioned above, IgG tertiles, vaccination, 
FIB, N-CT, ORF1ab-CT, CK, CK-MB, and LDH were included in 
unconditional stepwise logistic regression analysis. As for age and 
gender, they were the most common confounders in the clinical 
study, so they were also included in the adjusted model. After 
adjusted for these confounding factors, Model 2 showed that the T3 
group of IgG had a 91% lower risk of developing a symptomatic 

TABLE 2 (Continued)

Variables Asymptomatic 
(n  =  35)

Symptomatic 
(n  =  133)

Model 1 Model 2 Model 3

Univariable 
OR (95%CI)

P Multivariable 
OR (95%CI)

P Multivariable 
OR (95%CI)

P

Mean (SD), 

10^9/L

6.1 (1.9) 6.0 (2.5) 0.99 (0.85–1.16) 0.939 NA NA NA NA

NEUT No. 35 132

Mean (SD), 

10^9/L

2.7 (1.3) 3.1 (1.7) 1.15 (0.89–1.48) 0.274 NA NA NA NA

LYM No. 35 132

Mean (SD), 

10^9/L

2.7 (1.6) 2.4 (1.9) 0.90 (0.75–1.09) 0.294 NA NA NA NA

Hb No. 35 132

Mean (SD), 

g/L

129.6 (9.2) 131.4 (12.1) 1.01 (0.98–1.05) 0.401 NA NA NA NA

PLT No. 35 132

Mean (SD), 

10^9/L

247.1 (72.2) 236.2 (70.4) 1.00 (0.99–1.00) 0.418 NA NA NA NA

FIB No. 35 128

Mean (SD), 

g/L

2.2 (0.4) 2.4 (0.6) 1.79 (0.89–3.60) 0.101 4.18 (1.50–11.63) 0.006 4.15 (1.49–11.59) 0.007

N-CT No. 28 127

Mean (SD) 29.1 (4.4) 27.3 (4.9) 0.92 (0.84–1.01) 0.068 NA NA NA NA

ORF1ab-CT No. 26 125

Mean (SD) 28.9 (5.4) 27.0 (5.4) 0.93 (0.86–1.01) 0.096 NA NA NA NA

CK No. 35 131

Mean (SD), 

U/L

84.0 (34.9) 101.8 (42.7) 1.01 (1.00–1.02) 0.027 NA NA NA NA

CK-MB No. 35 131

Mean (SD), 

U/L

17.2 (6.0) 20.3 (9.4) 1.05 (1.00–1.11) 0.070 NA NA NA NA

LDH No. 35 132

Mean (SD), 

U/L

231.7 (46.7) 264.9 (70.5) 1.01 (1.00–1.02) 0.010 NA NA NA NA

SARS-CoV-2 

IgM

No. 35 133

Median 

(IQR), S/CO

0.2 (0.1, 0.3) 0.1 (0.1, 0.3) 0.79 (0.44–1.42) 0.427 NA NA NA NA

The Spearman correlation coefficient between SARS-CoV-2 IgG antibody level as a continuous variable and vaccine dose was 0.711 (P < 0.001), and that between IgG tertiles and vaccine dose 
was 0.719 (P < 0.001), so we believe that IgG tertiles can reflect the vaccination status. Furthermore, in univariate regression analysis, the relationship between IgG tertiles and symptomatic 
infection was more robust than that between vaccine dose and symptomatic infection. Model 2, multivariate regression of IgG tertiles and occurrence of symptomatic infection adjusted for 
age, gender, vaccination, FIB, N-CT, ORF1ab-CT, CK, CK-MB, and LDH. Model 3, multivariate regression of IgG tertiles and occurrence of symptomatic infection adjusted for age, gender, 
vaccination, LYM, FIB, N-CT, ORF1ab-CT, CK, CK-MB, LDH. NA, not applicable. b1, the vaccine status of the 8 patients was missing. Missing data were not included in both univariate and 
multivariate regression.
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infection compared with T1 group (OR = 0.09, 95% CI, 0.02–0.35, 
p = 0.001); the T2 group of IgG had an 81% lower risk of developing 
a symptomatic infection compared to T1 group (OR = 0.19, 95% CI, 
0.04–0.82, p = 0.026) (Figure 2).

In addition, lymphocytes are generally considered to be related to 
the severity of SARS-CoV-2 infection and have important clinical 
significance. Therefore, Model 3 is further adjusted by the effect of 
lymphocytes based on Model 2. In Model 3, T3 level, a specific 
quantification of IgG (≥3.44 S/CO) was associated with a 91% 
reduction in danger of developing a symptomatic infection in the fully 
adjusted models (IgG T2, OR = 0.19, 95% CI, 0.04–0.83, p = 0.028; IgG 
T3, OR = 0.09, 95% CI, 0.02–0.36, p = 0.001; Figure 2). As a result, 
multivariate regression showed that the highest tertile of IgG was a 
meaningfully independent and protective predictor of symptomatic 
infection after addressing the covariates in Model 2 and Model 3 
(Figure 2).

3.3. Overall time to negative conversion

According to the Kaplan–Meier curves, the average time to 
negative conversion of patients with the lowest, medium, and highest 
tertile of IgG was 12.8, 12.6, and 11.2 days, respectively, and the 
median time of that was 12, 12, and 10 days, respectively. Generally, 
patients in the T3 group had shorter turnaround times than those at 
the T1 and T2 levels (Breslow p = 0.040, Figure 3). Nonetheless, in the 
multivariate Cox proportional hazards model (Table 3), IgG level was 
not significantly associated with overall time to negative conversion.

4. Discussion

This study aimed to determine the relationship between IgG 
antibodies to wild-type SARS-CoV-2 antigens and children with 
symptomatic infection of the pandemic and duration to negative 
conversion. To our knowledge, this is the first clinical study to 
estimate antibody levels in children and adolescents grouped by 
tertiles in China so far.

As is known to us, IgG is usually produced 7 days after infection 
or vaccination, and we found that participants with high IgG levels 

were less likely to become symptomatic, had a shorter turnaround 
time, and had higher values of IgM and nucleic acid CT, which 
benefited from the vaccination, consistent with previous studies 
(14, 23). Since we measured serum anti-SARS-CoV-2 IgG levels 
during the acute phase, we considered the high IgG levels to be a 
consequence of vaccination. More importantly, it has been 
demonstrated that SARS-CoV-2 IgG antibodies are positively 
correlated with neutralizing antibody levels in a study, and the 
detection methods and reagents we used are consistent with this 
study (19). Then we performed a tertile analysis of SARS-CoV-2 
IgG antibodies and revealed the association of serum SARS-CoV-2 
IgG measurements with symptomatic infection in children. On the 
one hand, the Omicron variant can cause a faster immune response 
in children with high IgG levels, which can effectively inhibit virus 
replication (23). However, the IgG antibodies produced by the 
vaccine will decrease over time. Our results also support the 
necessity of boosters, which is why the Chinese government is 
actively promoting boosters. On the other hand, high IgG levels 
can effectively reduce the probability of symptomatic infection in 
children and promote a virus-negative conversion (14, 24). Fever, 
gastrointestinal symptoms, AST, and LDH are related to the 
severity of the disease (25, 26). There were a lower proportion of 
fever and anorexia and lower levels of AST and LDH among our 
patients with high tertiles of IgG due to the protective effect of 
antibodies after vaccination.

In this retrospective study, the risk of symptomatic infection with 
Omicron was significantly reduced among those with high IgG levels 
compared with low IgG levels, both meaningful in the univariate and 
multivariate regression model, which is consistent with previous 
studies (12, 13, 27). Although there is a high correlation between 
vaccine-induced neutralizing antibody levels and vaccine protection, 
previous studies have not demonstrated the exact number of 
neutralizing antibodies required to prevent SARS-Cov-2 infection in 
humans (18). Different from previous studies, we found that a specific 
quantification of IgG (≥3.44 S/CO) was associated with a 91% 
reduction in danger of developing a symptomatic infection in the 
fully adjusted models (OR = 0.09, 95% CI, 0.02-0.36, p = 0.001), which 
is beneficial to evaluate the need for supplemental vaccination based 
on quantitative antibody detection and optimize the 
vaccination strategy.

FIGURE 2

Forest plot for Omicron symptomatic infection by tertiles of IgG. T1, the first tertile of IgG (lowest), as the reference in Model 1-3. The outcome was the 
presence of Omicron Symptomatic Infection.
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In terms of predicting the time to negative conversion, this is the 
first time to evaluate its association with IgG levels by tertiles. 
Through KM curve analysis, we found that patients with a high IgG 
level had a shorter time to negative conversion in favor of reducing 
medical burden. However, in the COX multivariate analysis model, 
there is no correlation between the IgG level and the time to negative 
conversion, possibly due to insufficient sample size, and in-depth 
research is in need in the future.

The strength of this study, which is currently the first cohort 
study to assess levels of IgG antibodies to wild-type SARS-CoV-2 
antigens in children and adolescents with Omicron symptomatic 
infection, includes detailed demographic information, clinical 
symptoms, and laboratory findings. More importantly, we found 
a quantitative level of the significant protective effect of IgG by 
tertile grouping, that is, IgG ≥3.44S/CO. Briefly, measures of IgG 
were beneficial to predicting those at risk of symptomatic 
infection and distinguishing a quantitative level (IgG ≥3.44 S/
CO) to assess vaccine efficacy and optimize the 
vaccination strategy.

This study is limited by its observational design and limited 
sample size and we cannot rule out residual confounders, especially 
unmeasured variables. At the same time, we  cannot determine 
when IgG falls below 3.44 S/CO after vaccination. Another factor 
that will limit the applicability of this study is the ongoing evolution 
of SARS-CoV-2. Unfortunately, the determination of any IgG level 
correlating with immunity will inevitably change with subsequent 
variants. The Omicron variant is associated with the potential for 

evading accurate diagnostics and less severe COVID-19 symptoms 
(28, 29). However, we did not evaluate those potential patients for 
evaded accurate diagnostics with limited detection. We also could 
not determine the association between the tertiles of IgG levels and 
severe symptoms based on the limited data. Furthermore, the 
current Omicron lineages BQ.1.1 and XBB.1, for example, may 
be much more likely to cause symptomatic infection at IgG levels 
that would have been protective against earlier variants, which 
limits any serologic approach to booster strategies (30). Last but 
not least, our detection method could not make a differentiation 
in the IgG isotype present, which may be a hot topic in the future. 
More research is in need in the future, such as exploring 
associations between IgG levels and outcomes in different age 
groups, investigating the long-term persistence of IgG antibodies, 
and assessing the effectiveness of booster strategies based on IgG 
antibody levels.

5. Conclusion

We demonstrate that level of IgG antibodies to wild-type SARS-
CoV-2 antigens is an independent predictor of symptomatic infection. 
High IgG levels can inhibit viral replication and vastly reduce the risk 
of developing a symptomatic infection, especially when IgG 
quantitative detection was ≥3.44 S/CO, a potential threshold for 
protection and booster strategy. Children with high IgG levels 
required a shorter time to negative conversion, although the 

FIGURE 3

Kaplan–Meier survival curves for negative conversion of COVID 19 by tertiles of IgG. Group 1, the first tertile of IgG (lowest); Group 2, the second tertile 
of IgG; Group 3, the third tertile of IgG (highest). Kaplan–Meier curves show the time to negative conversion in patients with high, medium, or low level 
of IgG tertiles.
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TABLE 3 Cox proportional hazards models of negative conversion time.

Variables All 
patients 
(N  =  168)

Model 1 Model 2 Model 3

Univariable 
HR (95%CI)

P Multivariable 
HR(95%CI)

P Multivariable 
HR(95%CI)

P

Gender Female 79 (47.0) 1.00(Ref.)

Male 89 (53.0) 0.94 (0.69–1.27) 0.681 NA NA NA NA

Age group, y 0-6 78 (46.4) 1.00(Ref.)

>6, ≤12 61 (36.3) 1.06 (0.76–1.48) 0.738 NA NA NA NA

>12, <18 29 (17.3) 0.70 (0.45–1.09) 0.117 NA NA NA NA

Vaccinationb1 Unvaccinated 50 (31.2) 1.00(Ref.)

Vaccinated 110 (68.8) 1.06 (0.76–1.48) 0.735 NA NA NA NA

Tertiles of IgG
T1(0.01–0.42 S/

CO)
56 (33.3) 1.00(Ref.)

T2(0.43–3.43 S/

CO)
56 (33.3) 1.04 (0.72–1.51) 0.840 NA NA NA NA

T3(3.44–

134.32 S/CO)
56 (33.4) 1.46 (1.00–2.12) 0.050 NA NA NA NA

CRP levels No. 165

≤10 mg/L 151 (91.5) 1.00(Ref.)

11–19 mg/L 7 (4.2) 0.60 (0.28–1.28) 0.186 NA NA NA NA

≥20 mg/L 7 (4.2) 1.27 (0.593–2.72) 0.539 NA NA NA NA

PCT levels No. 155

<0.1 ng/ml 105 (67.7) 1.00(Ref.)

0.1–0.25 ng/ml 30 (19.4) 0.61 (0.14–2.76) 0.524 NA NA NA NA

>0.25 ng/ml 20 (12.9) 0.92 (0.20–4.14) 0.912 NA NA NA NA

SAA levels No. 156

≤10 μg/ml 2 (1.3) 1.00(Ref.)

>10 μg/ml 154 (98.7) 0.51 (0.12–2.08) 0.350 NA NA NA NA

IL-6 levels No. 156

≤7 pg./ml 121 (77.6) 1.00(Ref.)

>7 pg./ml 35 (22.4) 1.04 (0.71–1.51) 0.854 NA NA NA NA

ALT levels No. 167

≤40 U/L 149 (89.2) 1.00(Ref.)

41-59 U/L 11 (6.6) 0.86 (0.46–1.58) 0.621 NA NA NA NA

≥60 U/L 7 (4.2) 0.77 (0.36–1.64) 0.493 NA NA NA NA

AST levels No. 168

≤40 U/L 132 (78.6) 1.00(Ref.)

41–59 U/L 21 (12.5) 0.87 (0.55–1.39) 0.564 NA NA NA NA

≥60 U/L 15 (8.9) 0.84 (0.49–1.43) 0.515 NA NA NA NA

DDi levels No. 158

≤0.50 μg/ml 121 (76.6) 1.00(Ref.)

0.51–0.99 μg/ml 26 (16.5) 1.08 (0.71–1.66) 0.716 NA NA NA NA

≥1.00 μg/ml 11 (7.0) 1.05 (0.57–1.96) 0.873 NA NA NA NA

WBC No. 167

Mean (SD), 

10^9/L

6.1 (2.4) 1.00 (0.94–1.06) 0.955 NA NA NA NA

NEUT No. 167

(Continued)
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relationship is not robust. More data and research are needed in the 
future to validate the predictive models.
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TABLE 3 (Continued)

Variables All 
patients 
(N  =  168)

Model 1 Model 2 Model 3

Univariable 
HR (95%CI)

P Multivariable 
HR(95%CI)

P Multivariable 
HR(95%CI)

P

Mean (SD), 

10^9/L

3.0 (1.7) 1.00 (0.91–1.10) 0.987 NA NA NA NA

LYM No. 167

Mean (SD), 

10^9/L

2.4 (1.8) 0.99 (0.92–1.07) 0.785 NA NA NA NA

Hb No. 167

Mean (SD), g/L 131.1 (11.5) 1.00 (0.99–1.01) 0.969 NA NA NA NA

PLT No. 167

Mean 

(SD),10^9/L

238.5 (70.7) 1.001 (0.999–1.004) 0.177 NA NA NA NA

FIB No. 163

Mean (SD), g/L 2.3 (0.6) 0.92 (0.70–1.21) 0.547 NA NA NA NA

N-CT No. 155

Mean (SD) 27.6 (4.8) 1.05 (1.02–1.08) 0.004 NA NA NA NA

ORF1ab-CT No. 151

Mean (SD) 27.3 (5.4) 1.04 (1.01–1.07) 0.007 1.04 (1.01–1.07) 0.007 1.04 (1.01–1.07) 0.014

CK No. 166

Mean (SD), U/L 98.0 (41.8) 0.998 (0.994–1.002) 0.367 NA NA NA NA

CK-MB No. 166

Mean (SD), U/L 19.6 (8.9) 0.999 (0.980–1.019) 0.940 NA NA NA NA

LDH No. 167

Mean (SD), U/L 258.0 (67.5) 0.999 (0.997–1.002) 0.666 NA NA NA NA

SARS-CoV-2 

IgM

No. 168

Median (IQR), 

S/CO

0.14 (0.07, 

0.30)

1.32 (1.01–1.73) 0.042 NA NA NA NA

Model 2, the multivariate regression of IgG tertiles and time to negative conversion adjusted for age, gender, N-CT, ORF1ab-CT, SARS-CoV-2 IgM, and PLT. Model 3, multivariate regression 
of IgG tertiles and time to negative conversion adjusted for age, gender, N-CT, ORF1ab-CT, PLT, SARS-CoV-2 IgM, PLT, vaccination, and LYM. b1, the vaccine status of the 8 patients was 
missing. Missing data were not included in both univariate and multivariate regression.
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