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Abstract 
Introduction: We compared the clinical characteristics of vaccinated and non-vaccinated Omicron patients in order to provide a reference for 
the clinical diagnosis and treatment of coronavirus disease 2019 (COVID-19).  
Methodology: This study included 360 patients diagnosed with COVID-19. The serum immunoglobulin G (IgG) and serum immunoglobulin 
M (IgM) antibody levels of the patients and the duration of virus shedding were analyzed according to age, gender, vaccine dose, and the time 
from the most recent vaccination to the onset of Omicron infection.  
Results: Age (OR = 0.974), days from last vaccination to onset ≤ 180 days (OR = 4.409), and booster dose of the vaccine (OR = 4.999) were 
protective factors associated with patients who were IgG antibody positive. The duration of virus shedding in IgG -antibody-positive patients 
was 9 (8-11) days; and this was significantly lower than that in IgG-antibody-negative patients, who had virus shedding duration of 10 (8-12) 
days (p < 0.05).  
Conclusions: Booster immunizations could increase IgG-antibody in patients who have already been infected with the Omicron variant and 
enhance immune protection. In addition, COVID-19 vaccination may shorten the duration of virus shedding. 
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Introduction 

The severe acute respiratory syndrome coronavirus-
2 (SARS-CoV-2) Omicron mutant (Pango lineage 
B.1.1.529) was first found in South Africa in November 
2021 [1]. It subsequently spread quickly around the 
world and evolved into sublineages such as BA.1 and 
BA.2 [2,3]. The Omicron variant has caused a large 
number of infections and deaths and posed a huge threat 
to global public health security.  

Vaccination is one of the most cost-effective and 
specific interventions for controlling infectious 
diseases. There has been substantial progress in 
research on the effectiveness of coronavirus disease 
2019 (COVID-19) vaccination worldwide. Studies 
show that the first-generation COVID-19 vaccines 
could provide durable protection to prevent disease 
progression from non-severe to severe outcomes [4-7]. 

Although previous studies have provided preliminary 
insights, there are still several gaps in the current 
literature. This is especially the case with the Omicron 
variant, where there is insufficient information on the 
long-term immune response, antibody levels, and virus 
shedding time of vaccine recipients.  

The SARS-CoV-2 virus will continue to mutate into 
new variants. Therefore, close surveillance of SARS-
CoV-2 evolution, immune evasion and vaccination are 
essential for long-term management of COVID-19. In 
particular, understanding the immune status of patients 
after vaccination will be key for policy-makers to 
implement booster vaccine doses or non-
pharmacological interventions. The purpose of this 
study was to investigate in detail the effects of 
vaccination on antibody level and duration of viral 
shedding in patients infected with the Omicron variant. 
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We evaluated the effectiveness of different vaccination 
plans in responding to Omicron variants by analyzing 
changes in individual antibody levels and virus 
shedding time after vaccination. This study aimed to 
develop evidence-based vaccination strategies, and thus 
provide a scientific basis for public health interventions. 

 
Methodology 
Study participants 

This study was a retrospective cohort study. A total 
of 429 patients infected with Omicron and admitted to 
the Tianjin Haihe Hospital from May 13, 2022, to 
August 5, 2022, were assessed for inclusion in the 
study. All patients in this study were of the local 
Chinese ethnicity. The inclusion criteria were as 
follows: local patients with a positive novel coronavirus 
nucleic acid test result before admission. The exclusion 
criteria were as follows: (1) patients who had not been 
released from centralized isolation as of August 14, 
2022 (the date the statistical analysis was conducted); 
(2) those with missing vaccination and antibody 
information; and (3) patients aged < 3 years since they 
did not qualify for vaccination. Among the 429 patients 
admitted, one patient under isolation restrictions, 60 
patients with incomplete information, and 8 patients 
aged < 3 years were excluded following the exclusion 
criteria. A total of 360 patients were thus included in 
this study. 

 
Data collection 

We collected clinical and demographic information 
on each patient, after removing identifying information. 

The data included age, gender, comorbidities, 
vaccination, duration of virus shedding, and serum 
immunoglobulin G/serum immunoglobulin M 
(IgG/IgM) antibody levels. Following China’s 
healthcare policies, those with COVID-19 were 
immediately tested for COVID-19 RNA at the risk 
location determined by professionals. Since the patients 
were all local, the antibodies were detected within one 
week of onset for all cases.  

The types of vaccines were categorized into 
inactivated virus vaccines (Sinovac/Sinopharm/Zifivax 
COVID-19 vaccine) and adenovirus vector vaccines 
(CanSinoBIO COVID-19 vaccine). The third dose of 
the inactivated virus vaccine was a booster, while the 
second dose of the adenovirus vector vaccine was a 
booster. The two groups of patients based on vaccine 
type, were further were divided according to the 
number of days from the last vaccination to the disease 
onset (≤ 180 days group and > 180 days group).  

This study was approved by the Ethics Review 
Committee of Tianjin Haihe Hospital (approval no. 
2022HHWZ-004) and the requirement for informed 
consent was waived. All methods were carried out in 
accordance with the relevant guidelines and 
regulations. 
 
Patient, pathogenic and serological examination 

In this study, patients were classified into 
asymptomatic, mild and ordinary based on clinical 
characteristics. In the mild type patients, the main 
symptoms are upper respiratory tract infections, such as 
dry throat, sore throat, cough, fever, etc., with no 

Table 1. IgG and IgM antibody levels in different groups of patients with Omicron infection. 
Variable N IgG positive p IgM positive p 

Gender      
Male 176 133 (75.6%) 0.391 15 (8.5%) 0.167 
Female 184 146 (79.3%) 9 (4.9) 
Age (years)      
< 14 13 12 (92.3%) 0.003 1 (7.7%) 0.835 
14–59 287 230 (80.1%) 18 (6.3%) 
> 60 60 37 (61.7%) 5 (8.3%) 
No. of days from the last vaccination to the disease onset (days)  
> 180 222 166 (74.8%) < 0.001 16 (7.2%) 0.806 
≤ 180 123 112 (91.1%) 8 (6.5%) 
Vaccination status     
Unvaccinated 15 1 (6.7%) < 0.001 0 (0%) 0.256 
No booster vaccinated 127 76 (59.8%) 6 (4.7%) 
Booster vaccinated 218 202 (92.7%)a 18 (8.3%) 
Type of vaccine      
Adenovirus vectors 40 30 (75%) 0.343 3 (7.5%) 0.749 
Inactivated viruses 305 248 (81.3%) 21 (6.9%) 
Comorbidities      
Yes 91 64 (70.3%) 0.058 7 (7.7%) 0.650 
No 269 215 (79.9%) 17 (6.3%) 

a This difference was statistically significant when compared with the no booster vaccinated group, p < 0.05. 
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manifestations of pneumonia on imaging. Ordinary 
type patients had fever, respiratory tract symptoms and 
other typical symptoms. In addition, imaging showed 
signs of pneumonia. 
Upper respiratory tract samples (nasopharyngeal 
swabs) of patients were collected and SARS-COV-2 
was detected by nucleic acid amplification detection. 
According to the Chinese guidelines for prevention, 
control, diagnosis and treatment; patients were required 
to undergo at least two nucleic acid tests before being 
discharged. The standard for nucleic acid collection was 
to start collecting nasopharyngeal swabs from 
asymptomatic patients on the sixth day of admission. 
For symptomatic patients, nasopharyngeal swabs 
should be collected at least 3 days after the symptoms 
improved and the body temperature returned to normal.  
If the Ct value of N gene and ORF gene in two 
consecutive SARS-CoV-2 nucleic acid tests was more 
than 35 (fluorescent quantitative polymerase chain 
reaction, PCR, method, the threshold value was 40, and 
the sampling time interval was at least 24 hours), or the 
nucleic acid of novel coronavirus was negative in two 
consecutive tests (fluorescent quantitative PCR method, 
the threshold value was less than 35, and the sampling 
time interval was at least 24 hours), the patient could be 
discharged. The time from the first positive nucleic acid 
test to patients’ discharge was considered the time of 
virus shedding.  

Specific IgM and IgG antibodies were detected in 
blood samples using SARS-CoV-2 IgM and IgG 
detection kit and chemiluminescence method. All 
patients were tested for IgM and IgG within three days 
of admission to the hospital. The antibody results were 
expressed as S/CO, where S represents the luminous 
value of the sample and CO represents the cut-off value. 
An S/CO value ≥ 1.00 indicated a positive result and an 
S/CO value < 1.00 indicated a negative result. 

 
Statistical analysis 

IBM SPSS Statistics for Windows (version 22.0; 
IBM Corp., Armonk, NY, USA) software was used for 

the statistical analyses. The numerical variables with 
normal distributions were expressed as mean ± standard 
deviation (x ± s), and comparisons between the two 
groups were performed with t tests. Continuous 
variables were presented as medians (25th percentile, 
75th percentile) due to skewed distributions, and 
categorical variables were presented as n (%). Rate 
comparisons were performed using the Mann-Whitney 
U test, and the Kruskal-Wallis test was used for 
comparisons between groups, as appropriate. Statistical 
significance was set at p value < 0.05. All variables with 
p < 0.2 in the univariate analysis were included in the 
multivariate logistic regression model. A Kaplan-Meier 
curve was used to plot the graph comparing different 
IgG antibodies and the duration of virus shedding. 
Multivariate logistic regression was used to evaluate the 
factors influencing the patients' IgG level. The results 
were presented as odds ratios (ORs) and 95% 
confidence intervals (CIs). 

 
Results 

A total of 360 patients were included in this study. 
There were 176 (48.89%) men and 184 (51.11%) 
women. The average age was 41.69 ± 18.103 years. 
There were 13 patients (3.6%) aged < 14 years, 287 
(79.7%) aged 14-59 years, and 60 (16.7%) aged ≥ 60 
years. Among the admitted patients, 228 (63.3%) were 
asymptomatic, 128 (35.6%) had mild type, and 4 (1.1%) 
had ordinary type. A total of 25.3% (91) of the patients 
had one or more comorbidities; the most common of 
which were hypertension, diabetes, and coronary heart 
disease (CHD). Fifteen of the patients (4.16%) were not 
vaccinated. A total of 127 patients (35.28%) did not 
receive a booster vaccination, while 218 (60.56%) did 
receive a booster vaccination. Among the 345 patients 
vaccinated, 222 (64.35%) were in the > 180 days group 
and 123 (35.65%) were in the ≤ 180 days group. Forty 
patients (11.59%) received an adenovirus vector 
vaccine, while 305 (88.41%) received an inactivated 
virus vaccine. Univariate analysis was conducted for 
each group of indicators. Significant differences were 

Table 2. Multivariate analysis of influencing factors of IgG antibody level. 

Variable β S.E. Wald χ2 p OR 95% CI 
Lower Upper 

Age -0.026 0.009 9.236 0.002 0.974 0.957 0.991 
No. of days from the last vaccination to the disease onset 
> 180     1.000   
≤ 180 1.484 0.392 14.340 < 0.001 4.409 2.046 9.502 
Vaccination status        
No booster vaccinated     1.000   
Booster vaccinated 1.609 0.446 13.040 < 0.001 4.999 2.087 11.972 
Constant 0.747 0.610 1.501 0.221 2.110   
CI: confidence interval; OR: odds ratio; SE: standard error. 
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identified between the groups for age, number of days 
from the last vaccination to the disease onset (>180 
days or ≤ 180 days), and vaccination status (p < 0.001) 
(Table 1).  

In the multivariate regression analysis, age (OR = 
0.974; 95% CI 0.957-0.991; p < 0.05), days from last 
vaccination to onset ≤ 180 days (OR = 4.409; 95% CI 
2.046-9.502; p < 0.001), and booster vaccination (OR = 

4.999; 95% CI 2.087-11.972; p < 0.001) were 
statistically significant (Table 2). 

Among all 360 patients, the median number of days 
of virus shedding was 9 (8-11) days. A univariate 
analysis was conducted after the patients were grouped 
according to their gender, age, comorbidities, and IgG 
antibody status (Table 3). The duration of virus 
shedding was 10 (8-12) days among the IgG-antibody-
negative patients and 9 (8-11) days among the IgG-
antibody-positive patients (Figure 1). This difference 
was statistically significant (p < 0.05) (Figure 2). 

 
Discussion 

A retrospective analysis of the vaccination 
information of 360 patients with COVID-19 who were 

Table 3. Comparison of the durations of virus shedding in different groups of patients with Omicron infections. 

Variable N Duration of virus shedding 
M (P25, P75) H/Z p 

Gender     
Male 176 9 (8,11) -1.132 0.258 Female 184 9 (8,11) 
Age (years)     
< 14 13 10 (6.5,12) 

0.604 0.739 14–59 287 9 (8,11) 
> 60 60 9 (8,11) 
Comorbidities     
Yes 91 9 (8,11) -0.215 0.830 No 269 9 (8,11) 
IgG     
Negative 81 10 (8,12) -3.211 0.001 Positive 279 9 (8,11) 

 

Figure 1. Comparison of the duration of virus shedding 
grouped by IgG antibody status. 

Figure 2. Kaplan-Meier plot for IgG antibody status. 

Cum, cumulative 
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admitted to the Haihe Hospital in Tianjin City was 
conducted. The results showed that the age, days from 
last vaccination to onset of ≤ 180 days, and booster 
vaccination were protective factors for IgG antibodies. 
The median duration of virus shedding was 9 (8-11) 
days among the 360 patients. The duration of virus 
shedding among the IgG-antibody-positive patients was 
lower than that among the IgG-antibody-negative 
patients. None of the patients in this study developed 
any severe symptoms. 

This study found that the level of IgG antibodies 
was higher in patients who were vaccinated with 
booster vaccine before infection. Patients with positive 
IgG antibody had a shorter virus infection duration. 
This suggests that vaccination can effectively help the 
body clear the virus quicker, reduce the rate of severe 
COVID-19, and even help prevent severe disease 
and/or death. While it is clear that vaccination cannot 
completely prevent the invasion of viruses and 
eliminate infection, it has a significant effect on the 
body’s resistance to the virus. Previous research has 
shown that after the vaccine booster dose, the antibody 
level increases rapidly [8]. The antibody level begins to 
rise after three days and increases even more after seven 
days. By day 14, the antibody level has been found to 
be approximately 10-30 times the original level. 
Although the antibody level decreases again by six 
months after the booster vaccination, the lowest level 
still exceeds the peak of the previous two doses of the 
vaccination. Many reports have indicated that the 
positive conversion rate of serum neutralizing 
antibodies produced by COVID-19 vaccines against 
Omicron variants is high. For example, healthy adults 
who received three doses of the COVID-19 mRNA 
vaccine or inactivated virus vaccine against an Omicron 
mutant (including BA. 1 ~ BA. 5 and other subtype 
mutants) by homologous vaccination, have been found 
to have 3.3% to 80% higher levels of serum antibodies 
against Omicron variants compared to the unvaccinated 
individuals [9-16]. Lu et al. also found that one year 
later, the sera of 135 patients with COVID-19 treated 
with one dose of mRNA vaccine (BNT162b2), one dose 
of inactivated virus vaccine (CoronaVac), and two 
doses of inactivated virus vaccine (CoronaVac), 
showed levels of positive neutralizing antibodies that 
were 90.6%, 21.7%, and 85.7%, respectively, all of 
which were higher than the 12.3% in the unvaccinated 
group [17]. 

The results also showed that the level of IgG 
antibody positivity in patients in the ≤ 180 days group 
was higher than that in the patients who were in > 180 
days group. Other studies have also shown that the level 

of antibodies to COVID-19 virus generally decrease 
within 6 to 12 months after vaccination [18-20]. 
Gaebler et al. also found that the antibody level 
decreases over time and the virus continues to mutate 
[21]. Breakthrough infections have often occurred in 
individuals who are fully vaccinated, which has 
prompted experts to widely recommend booster 
vaccinations to combat the decline of immunity and 
COVID-19 variations [22].  

Our study found that the duration of virus shedding 
in IgG-antibody-positive patients was shorter than that 
in IgG-antibody-negative patients. Wang et al. showed 
that the IgG antibody level has the greatest impact on 
the efficacy of neutralization; therefore, IgG levels can 
be used to assess the body’s resistance to COVID-19 
infections [23]. Many studies have shown that 
vaccination can reduce the symptoms of COVID-19 
and shorten the course of the disease [9,24-25]. 
Vaccination has also been shown to provide a protective 
effect and help establish an immune barrier against 
COVID-19. Xu et al. found that inactivated vaccines  

 
can shorten viral RNA shedding in breakthrough 
infected patients who have mild-to-moderate illness and 
may improve the ability of the host to generate specific 
antibodies against the infection [26]. There were no 
severe cases among the patients we studied. Therefore, 
we could not determine the relationship between 
disease severity and vaccine. We intend to conduct 
multi-center and large-scale research on the severity of 
COVID-19 in the future. 

 
Conclusions 

The COVID-19 booster vaccine significantly 
increased the IgG antibody level in patients with 
Omicron infections, strengthening their immune 
protection. In addition, COVID-19 vaccination 
shortened the duration of virus shedding. Therefore, 
booster vaccinations are an important means of 
controlling the COVID-19 pandemic. 
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