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Introduction: The protective effect of SARS-CoV-2 vaccines has become a global focus due to Omicron variant pandemic. The effects of various SARS-CoV-2 vaccines are diverse. However, studies on the effect of domestic vaccines on clinical characteristics in convalescent adult patients infected with the Omicron variant are lacking.

Methods: In this retrospective, single-center cohort study, the effect of three domestic vaccines on clinical characteristics of convalescent adult patients infected with the Omicron variant was investigated in the initial largest outbreak of the Omicron variant infection between January and February 2022 in Tianjin, China. The primary endpoint was COVID-19 severity and the secondary endpoints were re-positive results on nucleic acid tests, liver and kidney function, and inflammation levels during recovery.

Results: A total of 320 adult patients infected with the Omicron variant were enrolled, including 296 post-vaccination and 24 unvaccinated patients. The median age of the unvaccinated patients was higher than that of vaccinated patients, but no significant difference was detected in the sex composition ratio between the different groups. Binary logistic regression results suggested that Sinopharm and Sinovac vaccine was an independent protective factor for relieving the severity of the Omicron variant infection. Regrettably, the vaccines did not showed any protective effect on the liver and kidney function of convalescent adult patients. Three domestic vaccines significantly relieved inflammation and increased the SARS-CoV-2-specific antibody levels. Furthermore, Sinovac and CanSino vaccines had a better immune stimulation effect on increasing T lymphocytes levels in convalescent adult patients. In addition, three domestic vaccines have protective effects on preventing re-detectable positive (RP) result in convalescent adult patients.

Conclusion: Although the three domestic vaccines cannot prevent the infection of the Omicron variant, it has a significant protective effect in adult patients. This study supports the policy of accelerating to vaccination worldwide combat the evolving and mutating SARS-CoV-2.

Discussion: Omicron spreads faster and might escape antibodies more readily than previous variants, increasing the cases of reinfection and breakthrough infections in vaccinated people. Although vaccinated people are likely to have a much lower risk of severe disease from Omicron infection, many issues still need to be considered. Concerns about lower vaccine efficacy because of new variants might have changed our understanding of the COVID-19 endgame, disabusing the world of the notion that global vaccination is by itself adequate for controlling SARS-CoV-2 infection. The current data showed that vaccination with three domestic SARS-CoV-2 vaccines alleviates the disease severity of adult patients with COVID-19, reduces the inflammation level and the RP rate of convalescent adult patients, and enhances body’s defense against the virus in convalescent adult patients. Moreover, our study has highlighted that a combination prevention approach of vaccination and public health measures would be an effective strategy.

KEYWORDS
SARS-CoV-2, COVID-19, Omicron variant, vaccine, clinical characteristics, adult patients


1. Introduction

The coronavirus disease 2019 (COVID-19) caused by the new coronavirus (SARS-CoV-2) is still breaking out and spreading on a large scale worldwide, causing serious damage to the global health care system and human thus health, and has gained global attention (Lu et al., 2020). As a respiratory transmitted virus, the transmission of SARS-CoV-2 has been associated with three primary modes known as “contact,” “droplet,” and “airborne” transmission (Priyanka et al., 2020). The worsening COVID-19 outbreak suggested other potential routes of transmission such as fecal-oral and aerosol transmission, which have been elucidated by various empirical and laboratory studies (Goh et al., 2013; Chen Y. et al., 2020; Tang et al., 2020; Xu et al., 2020; Heneghan et al., 2021), in addition to the three primary transmission modes. The adoption of social distancing, face masks, hand hygiene and environmental disinfection is considered an effective mitigation strategy, but does not prevent the outbreak of COVID-19 pandemic. Therefore, from the scientific community throughout the globe, there is an urgent and critical requirement of the research to interrupt the transmission and the infection of SARS-CoV-2.

SARS-CoV-2 is similar to other RNA viruses with a high mutation rate. As of 2022, multiple variants of SARS-CoV-2 have emerged and gradually become epidemic strains, including five variants of concern defined by the World Health Organization (WHO): Alpha, Beta, Gamma, Delta, and Omicron (Malik et al., 2022). Specifically, Omicron,1 recently discovered in Botswana, as the most mutated variant, spreads rapidly, is highly contagious, has a high viral load, and is likely to escape the host’s immune defense system, spreading widely around the world and becoming the dominant global epidemic strain, which has attracted widespread attention (Zhang X. et al., 2020; CDC COVID-19 Response Team, 2021; Harvey et al., 2021; Kannan et al., 2021; Schmidt et al., 2021; Rana et al., 2022; Tian et al., 2022). As of 6:08 p.m. CET, 14 October 2022, 621 million confirmed cases of COVID-19, including 6.5 million deaths, have been confirmed and reported to WHO.2

Currently, the Omicron variant has replaced the Delta variant as the most dominant epidemic strain worldwide.3 It not only poses new challenges to the prevention and control of COVID-19, but is also a huge threat to global human health. For COVID-19 pandemic, vaccination is still considered the most effective measure to prevent and combat the spread of SARS-CoV-2 (Štefan et al., 2021; Zhang et al., 2021). In order to block the spread of SARS-CoV-2, over the past 2 years, a large-scale SARS-CoV-2 vaccination program has been carried out globally. As of 11 October 2022, a total of 12,782,955,639 doses of SARS-CoV-2 vaccine have been administered globally (see text foot note 2), and >68.3% of the global population has received at least one dose of SARS-CoV-2 vaccine [Our World in Data. Coronavirus (COVID-19) vaccinations (EB/OL) (2022-03-25) (2022-03-26)].4 China began large-scale SARS-CoV-2 vaccination on December 15, 2020, and as of July 22, 2022, >3.4 billion doses have been administered nationwide; the number of vaccinated people with inactivated SARS-CoV-2 vaccine as the main type has reached 1,298,636,000 (Lai et al., 2022).5 Although a variety of vaccines have been utilized clinically, their effectiveness remains uneven, raising questions about their effectiveness and applicability.

Existing studies have shown that SARS-CoV-2 vaccines designed by different technical routes exert protective effects on preventing severe disease and reducing mortality (Lopez Bernal et al., 2021; McNamara et al., 2022). However, some studies have shown that antibody levels decrease several months after vaccination (Wang et al., 2021), thereby reducing the effectiveness of existing vaccines against SARS-CoV-2 (Chia et al., 2021; Sabino et al., 2021; Fiolet et al., 2022). In addition, as SARS-CoV-2 variants continue to emerge (He et al., 2022), the dominant virus strains of the global COVID-19 epidemic are constantly changing. On January 8, 2022, the first case of indigenous Omicron variant infection was confirmed in Tianjin (Sun et al., 2022), which subsequently spread across China.6 Nevertheless, the vaccine efficacy in preventing the infection was not satisfactory, and some vaccinated people were still infected with Omicron variant (Jamal et al., 2022; Lee et al., 2022; Zhang et al., 2022). Surprisingly, only a few studies have reported the disease severity of COVID-19, liver and kidney function indicators, inflammatory and immune indicators and RP rates in post-vaccination adults infected with Omicron. Therefore, clinical studies on post-vaccination patients infected with Omicron variant are essential to preventing the development of the epidemic. The present study aimed to comprehensively analyze the effect of the three domestic vaccines, including Sinopharm (BIBP-CorV vaccine), Sinovac (Corona vaccine), and CanSino vaccine (Ad5-nCoV vaccine), on the clinical features and laboratory test data of the adult patients infected with Omicron variant, in order to provide a reference and basis for vaccination and clinical treatment of adult populations.



2. Materials and methods


2.1. Study design

This was a retrospective and single-center cohort study. A total of 438 patients were diagnosed with SARS-COV-2 infection by real time-polymerase-chain-reaction (RT-PCR) assays in Tianjin Haihe Hospital (Tianjin, China) between January and February 2022. After discharge from Tianjin Haihe Hospital (Tianjin, China), the patients were transferred to the Tianjin First Central Hospital for 14 days of isolation, rehabilitation and medical observation. From January to March 2022, 320 convalescent adult patients infected with Omicron variant were admitted to Tianjin First Central Hospital and enrolled in this study. Daily follow-up in person and SARS-CoV-2 RNA detection were performed simultaneously. Diagnosis, clinical classifications, and complication definitions for COVID-19 were based on the New Coronavirus Pneumonia Prevention and Control Program (8th edition), published by the National Health Commission of China.7 The severity of COVID-19 infection was categorized as (1) mild, if there was no radiographic evidence of pneumonia; (2) moderate, if pneumonia was accompanied by fever and respiratory tract symptoms; (3) severe, if respiratory rate was ≥30/min, oxygen saturation was ≤93% when breathing ambient air, or PaO2/FiO2 ≤ 300 mm Hg (1 mm Hg = 0.133 kPa); or (4) critical, if there was respiratory failure requiring mechanical ventilation, shock, or organ failure requiring intensive care. According to the vaccination status of SARS-CoV-2, the 320 subjects were divided into the unvaccinated group (n = 24), Sinopharm vaccine group (n = 97), Sinovac vaccine group (n = 142), CanSino vaccine group (n = 48) and other vaccine group (including Anhui Zhifei, Lanzhou Bio vaccine, Changchun Bio vaccine, 9 cases in total, n = 9). Due to the small sample size (<10) of patients in the other vaccine group, no further analysis was conducted in this study. Therefore, the present study conducted an in-depth analysis of clinical data from 311 convalescent adult patients infected with Omicron variant.



2.2. Inclusion and exclusion criteria

Inclusion criteria: (1) Meeting the diagnostic criteria for SARS-CoV-2 negative result at admission [normal temperature for >3 days; obvious improvement in respiratory symptoms and acute exudative lesions on chest computed tomography images; twice successive negative results of SARS-CoV-2 RNA test (interval of at least 24 h)]; (2) Local patients admitted to the Tianjin area of China (non-imported patients); (3) Patient age ≥16 years. Exclusion criteria: (1) SARS-CoV-2 pathogen test was positive on admission; (2) Patients who cannot sign informed consent or had missing important case information; (3) Patients with allergies and immunodeficiency diseases; (4) Patients <16 years-old.



2.3. Collection of clinical and laboratory data

A retrospective analysis was performed on the clinical and laboratory test results of the 320 convalescent adult patients with Omicron variant in the Tianjin First Central Hospital on the seventh day after admission. General data [including gender, age, admission time, vaccination, underlying diseases (hypertension, diabetes, and coronary heart disease, etc.), clinical manifestations (including fever, cough, expectoration, chills, fatigue, headache/dizziness, sore throat/dry throat, nasal congestion/runny nose, muscle soreness, chest tightness, shortness of breath, and decreased smell/taste), the severity of illness, clinical symptoms on admission and nucleic acid re-positive during hospitalization] of patients in each group were reviewed and collected from the electronic medical records by HIS system of Tianjin First Central Hospital. Before discharge, clinical and laboratory test data of each patient were collected and compiled. Two researchers reviewed the data collection forms independently to verify data accuracy.



2.4. SARS-CoV-2 testing

Real time-polymerase-chain-reaction assays were performed following the WHO protocol to detect the two target genes, the open reading frame of 1ab (ORF1ab) and the nucleocapsid protein (N), in a Light-Cycler 480 real-time PCR system. The diagnostic reagents for SARS-CoV-2 infection were obtained from Guangzhou Daan Gene Co., Ltd, Guangzhou, China, and suspicious results were confirmed by using another reagent, Changsha SANSURE GENE Detection kit for 2019-nCoV, China. The Omicron variant was identified by the Centers for Disease Control and Prevention of Tianjin using gene sequencing. A positive result was defined as PCR Ct value <40. RNA diagnosis in patients during rehabilitation or post-discharge was defined as RP, otherwise, as non-RP (NRP).



2.5. Novel coronavirus serologic assays

Novel coronavirus-specific IgG and IgM were detected in serum samples using Chemiluminescence Microparticle Immuno Assay (CMIA) developed by Bioscience (Tianjin, China). Patient serum was sent to the laboratory for routine testing. The assay uses a recombinant antigen corresponding to the nucleocapsid protein (N) of the SARS-CoV-2 wild-type genome.



2.6. Study outcomes

The primary endpoint was COVID-19 severity. The disease severity was defined as asymptomatic, mild, moderate, severe, and critical according to the New Coronavirus Pneumonia Prevention and Control Program (8th edition), published by the National Health Commission of China (see text foot note 7). The secondary endpoints were re-positive (RP) results on nucleic acid tests, liver and kidney function, and inflammation levels during recovery. RP was defined as PCR Ct value <40 after two independent PCR-negative results at an interval of >24 h.



2.7. Statistical analysis

SPSS 22.0 (IBM Crop, Armonk, NY, USA) software was used for statistical analysis without filling in the missing data. Continuous variables are presented as median [interquartile range (IQR)] or mean (SD) and categorical variables as number and percentage [No. (%)]. Significant differences for continuous variables were compared using unpaired t-tests when the data were normally distributed, otherwise, Mann-Whitney U-test was used. Proportions for categorical variables were compared using the χ2 test or Fisher’s exact test. A binary logistic regression model was used to estimate the association between some potential factors and the severity of illness. P-value < 0.05 (two-sided) was considered statistically significant.




3. Results


3.1. Demographic and vaccination characteristics of convalescent adult patients infected with SARS-Cov-2 Omicron variant

The study flowchart showing the strategy of case inclusion or exclusion is illustrated in Figure 1. A total of 438 patients with Omicron infection were diagnosed in the Tianjin Haihe Hospital. The recovered patients meeting the diagnostic criteria for SARS-CoV-2 negative results were transferred to Tianjin First Central Hospital. Patients who could not sign the informed consent or had missing important case information or presented allergies and immunodeficiency diseases or were positive for SARS-CoV-2 pathogen test or age ≤16 years were excluded from further analysis. 320/438 (73.06%) adult patients recovered from COVID-19 met the inclusion criteria, including 24 (7.50%) unvaccinated adult patients, 97 (30.31%) adult patients vaccinated with Sinopharm vaccine (Sinopharm patients), 142 (44.38%) adult patients vaccinated with Sinovac vaccine (Sinovac patients), 48 (15.00%) adult patients vaccinated with CanSino vaccine (CanSino patients), and 9 (2.81%) adult patients vaccinated with other vaccines (including Anhui Zhifei vaccine, Lanzhou Bio vaccine, and Changchun Bio vaccine). Due to the extremely small sample size (<10) vaccinated with other vaccines, no further analysis was performed in this group of adult patients.
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FIGURE 1
The flow chart of the critical of cases inclusion or exclusion.


Table 1 shows the demographic data and vaccination information of adult patients on admission. The median (IQR) age of the 311 adult patients was 46 (34–58) years; 136 (43.73%) of them were male and 175 (56.27%) were women. There was no significant difference in the sex composition ratio between different groups (P > 0.05). The median age of unvaccinated patients, Sinopharm patients, Sinovac patients, and CanSino patients was 59 (33–75), 44 (34–58), 44 (34–58), and 48 (35–57) years, respectively. Obviously, the median age of unvaccinated patients was higher than that of the vaccinated patients. In addition, 67 (69.07%) Sinopharm and 87 (61.27%) Sinovac patients were vaccinated with an additional booster dose.


TABLE 1    Basic information of convalescent adult patients on admission.

[image: Table 1]



3.2. Clinical characteristics of convalescent adult patients with different vaccinations on admission

As shown in Table 2, the most common clinical symptoms were dry cough (38.91%) and fever (28.62%) in the 311 adult patients during convalescence, while some patients had abnormal taste (1.61%), abnormal sense of smell (1.29%), or diarrhea (1.29%). Strikingly, no significant difference was detected in the clinical symptoms between the different groups. Compared to unvaccinated patients (29.17%), Sinopharm (7.22%), Sinovac (9.15%), and CanSino patients (2.08%) had a lower proportion of coronary heart disease. Additionally, Sinopharm patients had a lower proportion of malignancy (1.03%) and chronic respiratory diseases (3.09%) compared to unvaccinated patients. Overall, the proportion of patients with comorbid underlying diseases in Sinopharm (56.70%), Sinovac (53.52%), and CanSino groups (47.92%) was significantly lower than that in the unvaccinated group (79.17%, P < 0.05).


TABLE 2    Clinical characteristics of convalescent adult patients in different groups.
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3.3. Clinical classification of adult patients with different vaccinations at diagnosis

The effect of vaccines on the disease severity of adult patients infected with the Omicron variant was investigated. As shown in Table 3, compared to unvaccinated patients (12.50%), Sinopharm (44.33%), and Sinovac (35.92%) patients had a visible higher proportion of mild conditions (P < 0.05). Although no statistical difference was detected, CanSino patients (31.25%) had a higher proportion of mild conditions than unvaccinated patients (12.50%). Moreover, Sinopharm patients (54.64%) had a significantly lower proportion of moderate conditions compared to unvaccinated patients (83.33%, P < 0.05). Similarly, Sinovac (63.38%) and CanSino (68.75%) patients had a lower proportion of moderate conditions compared to unvaccinated patients (83.33%), albeit not significantly. The number of patients with severe conditions was too small for us to observe the effect of different vaccines on the rate of severe disease. In addition, the risk and protective factors of COVID-19 disease severity were analyzed by binary logistic regression (due to the extremely small sample size of asymptomatic and severe patients, regression analysis was not included.) (Figure 2). Binary logistic regression results suggested that the receipt of Sinopharm and Sinovac vaccines (as compared with unvaccinated patients) was an independent protective factor for relieving the severity of the Omicron variant infection (OR 0.194, 95% CI 0.053–0.711, P < 0.05); however, no significant correlation was established between gender, age and CanSino vaccine and disease severity. These results suggested that Sinopharm and Sinovac vaccines have better protective effects than CanSino vaccine in relieving the COVID-19 disease severity.


TABLE 3    Clinical classifications of adult patients in different groups.
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FIGURE 2
Logistic regression analysis of the risk and protective factors on the coronavirus disease 2019 (COVID-19) disease severity. P < 0.05 were statistically significant. N, total number of cases; OR, odds ratio; CI, confidence interval.




3.4. Liver and kidney function-associated biomarkers of convalescent adult patients with different vaccinations

Although COVID-19 primarily affects the respiratory system, accumulating emerging evidence highlights the impact of this viral infection on other organs (Guan et al., 2020; Skok et al., 2021). To understand the effect of vaccines on the long-term health consequences of adult patients infected with Omicron, we collected and analyzed the clinical laboratory test data of the liver and kidney function-related indicators [alanine aminotransferase (ALT), aspartate aminotransferase (AST), total bilirubin (TB), creatinine (CREA), and blood urea nitrogen (BUN)] in convalescent adult patients. Table 4 summarizes the findings of laboratory examination related to liver and renal damage in convalescent adult patients. Interestingly, CanSino patients had significantly higher ALT levels [IQR 41.81 (24.79–85.43)] compared to unvaccinated patients [IQR 27.06 (15.67–42.67), P < 0.05], but no difference was observed between different groups in liver function-related indicators. Regarding the kidney function-related indicators, higher CREA levels were detected in Sinovac patients [IQR 60.57 (50.15–71.22)] than in unvaccinated patients [IQR 53.72 (43.52–65.49), P < 0.05]. Additionally, we did not find discernible differences in other indicators between convalescent patients in different groups. These results indicated that the three vaccines did not exert any protective effect on the liver and kidney functions of convalescent patients.


TABLE 4    The liver and kidney function-related indicators of convalescent adult patients in different groups.
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3.5. Inflammatory and immune characteristics of convalescent adult patients with different vaccinations

The immune system plays an major role in antiviral infection and rehabilitation. To further study the effect of vaccines on the immune characteristics of convalescent adult patients infected with Omicron, we reviewed and analyzed the test data for inflammatory and immune-related indicators [interleukin-6 (IL-6), C-reactive protein (CRP), immunoglobulin G (IgG), immunoglobulin M (IgM), T lymphocytes (CD3+T, CD4+T, and CD8+T cell), and various blood cell counts] on day 7 after admission. As shown in Table 5, Sinopharm, Sinovac, and CanSino patients had significantly lower IL-6 and CRP levels compared to the unvaccinated patients (P < 0.05). Virus-specific IgG and IgM levels were notably lower in unvaccinated patients than in Sinopharm, Sinovac and CanSino patients. Moreover, Sinovac and CanSino patients had higher IgG levels than Sinopharm patients, and Sinovac patients had more higher IgM levels than CanSino patients. Additionally, Sinovac and CanSino patients had higher lymphocyte levels than unvaccinated patients (P < 0.05), while no visible differences were observed in WBCs, neutrophils, monocytes, eosinophils, and basophils between patients in different groups. Further analysis revealed that Sinovac patients had higher CD8+T cell levels and CanSino patients had higher CD3+T, CD4+T, and CD8+T cell levels compared to the unvaccinated patients, while no discernible differences were detected in T lymphocyte subsets between Sinopharm and unvaccinated patients. These results indicated that Sinovac and CanSino vaccines had better immune stimulation effects on the body’s defense against the virus than the Sinopharm vaccine in convalescent adult patients.


TABLE 5    The immune-related indicators of convalescent adult patients in different groups of patients.
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3.6. Comparison of RP rates of convalescent adult patients with different vaccinations

Several studies have described the RP results of the SARS-CoV-2 RNA test in recovered patients (An et al., 2020; Li et al., 2020, 2021; Qu et al., 2020). A total of 72 (23.15%) RP patients in this study, including 12 (16.67%) unvaccinated patients, 23 (31.94%) Sinopharm, 26 (36.11%) Sinovac, and 11 (15.28%) CanSino patients. However, the effect of vaccines on RP and NRP rate of convalescent adult patients was unclear. In order to monitor the health status of adult patients with Omicron variant infection during recovery, daily throat swab sampling and nucleic acid testing were conducted. As shown in Table 6, the RP rates of Sinopharm (23.71%), Sinovac (18.31%), and CanSino patients (22.92%) were significantly lower compared to unvaccinated patients (50.00%, P < 0.05), respectively. Accordingly, the vaccinated patients had notably higher NRP rates than unvaccinated patients. These results suggested that the three domestic vaccines have a protective effect on the prevention of RP in convalescent adult patients.


TABLE 6    The RP rate of convalescent adult patients in different groups.
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4. Discussion

Since December 2019, acute respiratory infectious diseases caused by SARS-CoV-2 have spread rapidly worldwide. Several variants of concern (VOCs) with different transmissibility and immune escape have emerged, and are capable of causing breakthrough infections in vaccinated individuals (Jamal et al., 2022; Lee et al., 2022; Zhang et al., 2022). The emergence of SARS-CoV-2 VOCs is associated with new waves of infections, sometimes across the entire world. The Omicron variant was first identified in South Africa in November 2021 and since then spread rapidly (WHO Update on Omicron. Nov 28, 2021).8 Now, it is the main variant circulating across many countries and regions, and the number of infections is rising continually (Karim and Karim, 2021; Gahukar and Khairnar, 2022).

Structure is essential for the pathogenicity of SARS-CoV-2. Omicron’s structural proteins include spike protein S, envelope protein M, matrix protein R, and nucleocapsid protein N. Among these, the surface spike protein S is composed of S1 and S2 subunits, which recognize the host cell receptor ACE2 through the receptor-binding domain (RBD), thereby infecting host cells. The S protein is the only viral protein that modifies the surface of virions and is the primary antigen target for natural infection and vaccine design (Giovanetti et al., 2021). Previous studies have reported that the Omicron variant has >30 mutations in the S protein, 15 of which are in the RBD, including K417N, S477N, T478K, E484A, N501Y, G339D, S371L, S373P, S375F, N440K, G446S, Q493R, G496S, Q498R, and Y505H, whereas the Delta variant has only two mutations (Pulliam et al., 2022). These 15 mutations are known to lead to increased transmissibility, higher viral binding affinity, and immune escape (Greaney et al., 2021; Harvey et al., 2021). Furthermore, the Omicron variant carries some of the same important mutations as the Delta and Alpha variants, which are also considered to be closely associated with its transmissibility and pathogenicity (Karim and Karim, 2021; Gahukar and Khairnar, 2022; Pulliam et al., 2022). Therefore, the Omicron variant through RBD of spike attaches to the ACE2 receptor and escapes the antibody response in variant complexes (Khan et al., 2022). Additionally, the SARS-CoV-2 genome encodes some accessory proteins that are essential for infection, including ORF3a, ORF3b, ORF6, ORF7a, ORF7b, ORF8, ORF9b, ORF9c, and ORF10 (Gordon et al., 2020; Zandi, 2022; Zandi et al., 2022). Notably, the main SARS-CoV-2 accessory proteins play significant roles in affecting immune escape and viral pathogenesis (Zandi et al., 2022), such as the regulation of cytokine synthesis by ORF9c or the inhibition of type I IFN activity by ORF3b, ORF6, ORF7a, ORF8, or ORF9b (Redondo et al., 2021; Hassan et al., 2022). Moreover, these key accessory proteins impair the host’s immune response through various mechanisms (Redondo et al., 2021; Hassan et al., 2022; Zandi et al., 2022). For instance, ORF3a, ORF7a, and ORF7b inhibit IFNα signaling, ORF8 suppresses IFNβ signaling, and ORF9c inhibits cytokine secretion (Xia et al., 2020). The above evidences suggested that structural and accessory proteins of SARS-CoV-2 play critical roles in accelerating the life cycle and evading host immune responses.

On January 8, 2022, the first non-imported Omicron infection case was reported in Tianjin, China (Tianjin Municipal Health Commission).9 As of March 15, 2022, the cumulative number of confirmed cases infected with SARS-Cov-2 Omicron variant in Tianjin city has reached 438, of whom 328 (74.89%) were adult patients. To further prevent and control the spread and transmission of the Omicron variant, mass vaccination programs have been carried out globally over the past 2 years. In mainland China, the most widely administered SARS-CoV-2 vaccine is the inactivated type (Lai et al., 2022), while adenovirus and recombinant protein vaccines were administered in fewer individuals. As of January 8, 2022, when the Omicron variant first emerged, Tianjin had reported that 30.446 million doses of SARS-CoV-2 vaccines administered, and 12.915 million people had been vaccinated. The proportion of residents in Tianjin who had been vaccinated to different degrees was 93.14% (Tianjin Municipal Health Commission).10 Nevertheless, such high vaccination rates have also not succeeded in eliminating the infection of the Omicron variant, and the effect of SARS-CoV-2 vaccines on the clinical characteristics of adult patients needs to be explored further. In this study, we analyzed and compared the clinical features and laboratory data between different vaccine groups and evaluated the effect of three domestic SARS-CoV-2 vaccines on the clinical characteristics, liver and kidney damage indicators, immune and inflammation indicators, and RP rates of convalescent adult patients. We observed that the age of unvaccinated patients was significantly higher than that of each vaccine group. A possible explanation may be that the elderly individuals had more comorbid underlying diseases and therefore did not meet the vaccination conditions, and some had less willingness to be vaccinated. Due to weak awareness of seeking medical care, weaker immunity and the lower rate of vaccinations, older people are more likely to be affected by Omicron variant infection than younger individuals.

Consistent with the previous findings, the clinical classification of adult patients with Omicron infection included in this study at the time of diagnosis was mainly mild and moderate. Sinopharm, Sinovac, and CanSino patients had a higher proportion of mild conditions compared to unvaccinated patients, while unvaccinated patients had a higher proportion of moderate and severe conditions compared to each vaccine group (Not all of those were significantly different). In addition, binary logistic regression result showed that Sinopharm and Sinovac vaccines were independent protective factors for relieving the severity of adult patients with Omicron infection. These results indicated that Sinopharm and Sinovac vaccines have better protective effects than CanSino vaccine in relieving the disease severity of adult patients infected with Omicron, although the CanSino vaccine also had a degree of protection against adult patients.

To date, most studies of the Omicron variant have focused on adult patients in the acute infectious phase, while studies on convalescent adult patients infected with Omicron are yet limited. Although SARS-CoV-2 primarily affects the respiratory system, several studies highlight the impact of this viral infection on other organs (Guan et al., 2020; Xu L. et al., 2020; Zhang C. et al., 2020; Skok et al., 2021; Jansen et al., 2022). Deng et al. (2022) reported that patients with SARS-CoV-2 infection might develop liver damage. To understand the effect of SARS-CoV-2 vaccines on long-term health consequences of adult patients infected with Omicron, we collected and analyzed the liver and kidney function-related data from convalescent adult patients. Surprisingly, we did not observe a protective effect of the vaccine on the liver and kidney function biomarkers in convalescent adult patients. Conversely, compared to unvaccinated patients, CanSino patients had higher ALT levels and Sinovac patients had higher CREA levels, although the cause underlying this phenomenon is yet to be elucidated. It could be attributed to the fact that some vaccinated patients with underlying liver and kidney disease had higher ALT and CREA levels, which masked the impact of the vaccine on the liver and kidney function indicators. On the other hand, the enrolled patients were in recovery and hence, the effect of Omicron on their liver and kidney function was fading.

Chen R. et al. (2020) showed that progressively elevated IL-6 levels constitute the risk factor for fatal outcomes with COVID-19, such that IL-6 may be a potential therapeutic target for patients with severe/critical COVID-19. In addition, CRP is also positively correlated with the severity of COVID-19 and associated with the clinical outcomes of the disease (Chen R. et al., 2020). In the present study, we found that IL-6 and CRP levels in vaccinated patients were significantly lower than in unvaccinated patients during recovery, suggesting that the three domestic vaccines have a significant protective effect on the resolution of inflammation in convalescent adult patients. Moreover, vaccinated patients had notably higher virus-specific IgG and IgM levels than unvaccinated patients, which indicated that the three domestic vaccines promoted adult patients to obtain a strong specific immune response-ability. Interestingly, we observed that Sinovac and CanSino patients had higher IgG levels than Sinopharm patients. This result suggested that Sinovac and CanSino vaccines have a better effect on promoting the production of SARS-CoV-2-specific IgG than Sinopharm vaccine in vaccinated adult patients.

Immune cells play a decisive role in maintaining immune homeostasis and inflammatory response throughout the body. Understanding the effect of vaccines on immune cell levels would provide an effective strategy for the prevention and treatment of COVID-19. Lymphopenia is an effective and reliable indicator of the severity and hospitalization in COVID-19 patients (Tan et al., 2020). Additionally, most COVID-19 vaccines have remained effective in preventing severe COVID-19, hospitalization, and death, for all previous variants, because the efficacy might be more dependent on T cell immune responses than antibodies. In this study, compared with the unvaccinated patients, Sinovac and CanSino patients had higher lymphocyte levels than the unvaccinated patients. Studies in adult patients have deduced the importance of CD4+ T cells in controlling and fine-tuning the pathogenesis and outcomes of SARS-CoV and Middle East respiratory syndrome CoV infection (Chen G. et al., 2020). Another study indicated that SARS-CoV-2 vaccination specifically affected the cell-mediated immunity profile of convalescent pediatric patients, especially CD3+ T and CD8+ T cells (Wang et al., 2022). Interestingly, CD4+ T and CD8+ T cells levels were obviously higher in CanSino patients than in unvaccinated patients, and Sinovac patients have significantly higher CD8+ T cell levels compared to unvaccinated patients. These results suggested that Sinovac and CanSino vaccines have notable effects on T lymphocyte levels in convalescent adult patients, which might promote the recovery of adult patients infected with Omicron variants. Consistent with the previous studies (Wang et al., 2022), we observed that the Sinopharm, Sinovac, and CanSino vaccines have significant protective effects on the prevention of RP in convalescent adult patients. Taken together, we inferred that although vaccination does not eliminate infection of the Omicron variant, it has a significant effect on the body’s defense against the virus in adults.

To the best of our knowledge, this is the first study to comparatively analyze the differences in clinical and immunological features of convalescent adult patients receiving different SARS-CoV-2 vaccines after Omicron infection. Briefly, this study showed that although the three domestic SARS-CoV-2 vaccines could not resist the invasion of the Omicron variant, they exerted a protective role in relieving the severity of COVID-19 disease and reducing the level of inflammation and the RP rate of convalescent adult patients, while increasing body’s defense against the virus in convalescent adult patients. The current findings support the national policy to promote vaccination, and while each vaccine might have different advantages from different perspectives, they are all beneficial to adult patients. In addition, our findings provided novel insights into realizing the effect of SARS-CoV-2 vaccines on the long-term health of adult patients and a reference for the prevention and treatment measures for adults infected with Omicron variants.

Over the past 3 years, the rapid development and deployment of effective SARS-CoV-2 vaccines have greatly reduced the risk of severe illness and death associated with COVID-19, while vaccination does not seem to have succeeded in controlling and preventing the pandemic. Although most of the adult patients have been vaccinated prior to Omicron infection in this study, they are still infected with the virus, showing that vaccination cannot completely resist the invasion of the Omicron variants. Additionally, due to its ability to rapidly evolve and mutate, the SARS-CoV-2 virus may never be eradicated, thereby there are many important new topics to work on if we need to live with SARS-CoV-2 virus for a long time.

Nevertheless, the present study has several limitations. First, this was a retrospective and single-center study, and additional studies with large multi-center samples are needed. A small sample size of patients may lead to bias in experimental results, especially only 24 patients in the unvaccinated group. Second, due to the lack of laboratory data on the serum-specific neutralizing antibodies against Omicron variants in patients, the clinical effect of vaccines against the Omicron variant cannot be evaluated accurately. Thus, a comprehensive supplement is required in the following studies. Third, since all the clinical data were collected retrospectively, some individuals had incomplete laboratory-related information.
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Moderate 196 (63.02) 20 (83.33)* 53 (54.64)° 90 (63.38) 33 (68.75)
Severe 2(0.64) 1(4.17) 0 (0.00) 1(0.70) 0 (0.00)

Data are presented as No. (%). No. is the number of patients with available data.

°P < 0.05, compared with the unvaccinated group.

*P < 0. 05, compared with the Sinopharm group.

#P < 0.05, compared with the Sinovac group.

AP < 0.05, compared with the CanSino group; P < 0.05 were statistically significant.
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All patients (n = 311) Unvaccination Vaccination

Unvaccinated Sinopharm Sinovac CanSino
(n = 24) (n =97) (n =142) (n = 48)

17 (70.83)

Clinical symptoms 199 (63.99) 62 (63.92) 86 (60.56) 34 (70.83)

Fever 89 (28.62) 8(33.33) 24 (24.74) 41 (28.87) 16 (33.33)
Stuffy nose 37 (11.90) 1(4.17) 11 (11.34) 22 (15.49) 3(6.25)
Runny nose 39 (12.54) 4 (16.67) 10 (10.31) 17 (11.97) 8(16.67)
Dry cough 121 (38.91) 8(33.33) 39 (40.21) 59 (41.55) 15 (31.25)
Weak 46 (14.79) 4(16.67) 12 (12.37) 24 (16.90) 6 (12.50)
Sore throat 62 (19.94) 3 (12.50) 20 (20.62) 29 (20.42) 10 (20.83)
Abnormal taste 5(1.61) 0 (0.00) 0 (0.00) 3(2.11) 2(4.17)
Abnormal smell 4(1.29) 1(4.17) 0 (0.00) 2(1.41) 1 (2.08)
Inflammation of the 16 (5.14) 3(12.50) 3(3.09) 6(4.23) 4(8.33)

Conjunctival mucosa

Diarrhea 4(1.29) 0 (0.00) 1(1.03) 2 (1.41) 1(2.08)
Comorbid underlying 173 (55.63) 19 (79.17)** & 55 (56.70)° 76 (53.52)° 23 (47.92)°
conditions

Hypertension 91 (29.26) 9 (37.50) 26 (26.80) 45 (31.69) 11 (22.92)

Diabetes 48 (15.43) 5(20.83) 17 (17.53) 23 (16.20) 3(6.25)

7 (29.17)*F &

Coronary heart disease 28 (9.00) 7(7.22)° 13 (9.15)° 1(2.08)°

Chronic liver disease 8 (2.57) 1(4.17) 1(1.03) 6(4.23) 0 (0.00)

Chronic kidney disease 9 (2.89) 1(4.17) 3(3.09) 5(3.52) 0 (0.00)

Malignancy 10 (3.22) 3 (12.50)* 1(1.03)° 6 (4.23) 0 (0.00)
Chronic respiratory 14 (4.50) 4 (16.67)* 3(3.09)° 6(4.23) 1 (2.08)
diseases

Abnormal liver function 66 (21.22) 7(29.17) 23(23.71) 25(17.61) 11 (22.92)

Data are presented as No. (%). No. is the number of patients with available data.

°P < 0.05, compared with the unvaccinated group.

*P < 0. 05, compared with the Sinopharm group.

#P < 0.05, compared with the Sinovac group.

AP < 0.05, compared with the CanSino group; P < 0.05 were statistically significant.
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All patients (n = 311) Unvaccination Vaccination

Unvaccinated Sinopharm Sinovac CanSino
(n = 24) (n=97) (n =142) (n=48)

Gender
Male 136 (43.73) 6 (25.00) 49 (50.52) 62 (43.66) 19 (39.58)
Female 175 (56.27) 18 (75.00) 48 (49.48) 80 (56.34) 29 (60.42)
Age
Median age (IQR), yr 46 (34-58) 59 (33-75)** 2 44 (34-58)° 44 (34-58)° 48 (35-57)°
16-39 years 125 (40.19) 7(29.17) 44 (45.36) 59 (41.55) 15 (31.25)
40-59 years 120 (38.59) 5(20.83) 36 (37.11) 52 (36.62) 27 (56.25)
>60 years 66 (21.22) 12 (50.00) 17 (17.53) 31(21.83) 6 (12.50)
Dose
0 dose 24 (7.72) 24 (100.00) - - -
1 dose 17 (5.47) - 2 (2.06) 0 (0.00) 15 (31.25)
2 doses 116 (37.30) - 28 (28.87) 55 (38.73) 33 (68.75)
3 doses (booster dose) 154 (49.52) - 67 (69.07) 87 (61.27) 0 (0.00)

Data are presented as median (IQR) or No. (%). No. is the number of patients with available data.
°P < 0.05, compared with the unvaccinated group.

*P < 0. 05, compared with the Sinopharm group.

#P < 0.05, compared with the Sinovac group.

AP <0.05, compared with the CanSino group; P < 0.05 were statistically significant.

IQR, interquartile range; yr, year.





OPS/images/fmicb-14-1096022-t006.jpg
All patients Unvaccination Vaccination

(n = 311)
Unvaccinated | Sinopharm (n = 97) | Sinovac (n =142) | CanSino (n = 48)
(n = 24)
RP (%) 72 (23.15) 12 (50.00)*% 2 23 (23.71)° 26 (18.31)° 11(22.92)°
NRP (%) 239 (76.85) 12 (50.00)** 2 74 (76.29)° 116 (81.69)° 37 (77.08)°

Data are presented as No. (%). No. is the number of patients with available data.

°P < 0.05, compared with the unvaccinated group.

*P < 0. 05, compared with the Sinopharm group.

#P < 0. 05, compared with the Sinovac group.

AP < 0.05, compared with the CanSino group; P < 0.05 were statistically significant.
RP, re-detectable positive patients; NRP, non-RP patients.
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IL-6 (pg/mL)

All patients
(n = 311)

1.50 (1.50-2.81)

Unvaccination

Unvaccinated
(n = 24)

2.72 (1.50-6.81)** 2

Sinopharm (n = 97)

1.50 (1.50-3.15)°

Vaccination

Sinovac (n = 142)

1.50 (1.50-2.24)°

CanSino (n = 48)

1.50 (1.50-1.97)°

CRP (mg/L)

0.98 (0.40-1.99)

2.13 (0.43-5.36)*% 2

0.96 (0.42-1.98)°

0.98 (0.44-1.81)°

0.79 (0.25-1.54)°

1gG (S/CO)

207.05 (179.34-236.74)

170.74 (1.94-185.48)*% &

192.55 (165.20-219.09)°% &

217.10 (188.32-241.17)°*

225.77 (203.55-248.16)°*

IgM (S/CO)

0.48 (0.26-0.87)

0.22 (0.17-0.49)** &

0.41 (0.25-0.82)°

0.56 (0.33-1.09)° 2

0.38 (0.22-0.81)°%

WBCs (10°/)L)

Neutrophils (10°/j.L)

6.22 (5.23-7.39)

3.59 (2.85-4.37)

6.50 (4.79-7.84)

3.61 (2.64-4.76)

6.38 (5.18-7.49)

3.57 (2.80-4.46)

6.22 (5.48-7.23)

3.62 (2.92-4.07)

5.88(5.01-7.89)

3.33(2.79-4.83)

Monocytes (10°/jLL) 042 (0.35-0.51) 0.49 (0.40-0.55) 042 (0.34-0.54) 0.41 (0.35-0.50) 0.43 (0.35-0.53)
Eosinophils (10°/1L) 0.13 (0.09-0.19) 0.14 (0.10-0.19) 0.11 (0.08-0.20) 0.13 (0.09-0.19) 0.13 (0.08-0.20)
Basophils (10%/pL) 0.03 (0.02-0.04) 0.03 (0.01-0.04) 0.02 (0.02-0.04) 0.03 (0.02-0.04) 0.02 (0.02-0.03)
Lymphocytes (10%/L) 2.05 (1.61-2.42) 1.69 (1.24-2.54)% 2.00 (1.56-2.41) 2.09 (1.75-2.40)° 2.07 (1.63-2.62)°

CD3* T (count/pL)

67892.13
(37064.36-139377.88)

52046.63
(14400.53-77627.99)°

65805.89
(39097.01-125109.46)

70274.71
(36528.54-152185.69)

80881.90
(42175.90-151744.83)°

CD4T T (count/pL)

38198.00
(18534.97-77080.73)

28339.47
(8471.35-49413.39)°

33531.67
(19889.02-71671.98)

40260.49
(18551.39-90744.26)

48035.72
(18823.59-89922.86)°

CD8* T (count/pL)

23837.54
(11719.67-44116.00)

12420.81
(5319.62-26751.11)* 2

22889.46
(11852.83-43335.03)

24152.62
(12165.85-44891.56)°

28575.31
(13363.10-52032.29)°

Data are presented as median (IQR). No. is the number of patients with available data.
°P < 0.05, compared with the unvaccinated group.

*P < 0. 05, compared with the Sinopharm group.

#P<0. 05, compared with the Sinovac group.

AP < 0.05, compared with the CanSino group; P < 0.05 were statistically significant.
CRP, C reaction protein; WBCs, white blood cells.






