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Objective

COVID-19 has evolved into a seasonal coronavirus disease, characterized by prolonged infection duration and repeated infections, significantly increasing the risk of patients developing long COVID. Our research focused on the immune responses in asymptomatic and mild cases, particularly the critical factors influencing serum immunoglobulin G (IgG) levels and their predictive value.





Methods

We conducted a retrospective analysis on data from 1939 asymptomatic or mildly symptomatic COVID-19 patients hospitalized between September 2022 and June 2023. Spearman methods were used to test the correlation between serum IgG and age, immunoglobulin M (IgM), procalcitonin (PCT), interleukin-6 (IL-6), nucleic acid conversion time, and BMI. Univariate and multivariate logistic regression analyses identified independent key factors influencing serum IgG levels, which were integrated and visualized in a nomogram. Finally, receiver operating characteristic (ROC) curves were plotted to predict the model’s diagnostic performance by calculating the AUC.





Results

Mild patients showed higher levels of IgG, IgM, and longer nucleic acid conversion times than asymptomatic patients, and a lower proportion of them had received ≥ 3 COVID-19 vaccine doses. Serum IgG was positively correlated with serum IgM and negatively correlated with age, PCT, IL-6, and BMI. Notably, it showed a moderate negative correlation with nucleic acid conversion time (r = -0.578, P < 0.001). Logistic regression results showed that younger age, lower IL-6 levels, ≥ 3 doses of vaccine, and no comorbidities were independent predictors of serum IgG levels ≥ 21.08 g/L. We used age, IL-6 levels, vaccine doses, and comorbidities to create a nomogram for predicting serum IgG levels, with the area under the ROC curve reaching 0.772.





Conclusion

Age, IL-6 levels, vaccination status, and comorbidities were independent predictors of serum IgG levels in asymptomatic or mild COVID-19 patients, facilitating risk stratification and clinical decision-making. Notably, receiving ≥3 doses of the COVID-19 vaccine was the most beneficial factor for elevated serum IgG levels.
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Introduction

Since it first emerged in Wuhan in December 2019, COVID-19, caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has coexisted with humans globally for more than four years. With the more transmissible Omicron becoming the dominant strain, its virulence significantly decreased. Combined with widespread vaccination against SARS-CoV-2, most COVID-19 infections are now asymptomatic or mild, with severe cases and mortality rates significantly reduced (Hall et al., 2022; Soheili et al., 2023; Trobajo-Sanmartin et al., 2023). Current evidence indicates that about 10-20% of individuals, after recovering from the initial illness, suffer from long COVID, which includes recurrent fatigue, shortness of breath, muscle weakness, sleep disturbances, anxiety, and depression, resulting in a diminished quality of life (Soriano et al., 2022; Lopez-Leon et al., 2021; Huang et al., 2023). Consequently, focus has shifted to interventions aimed at alleviating long COVID, especially those that support immune function and reduce inflammation.

It is well known that IgM is produced when the human body first encounters SARS-CoV-2, indicating an active COVID-19 infection. In contrast, serum IgG serves as a protective antibody, signaling either recovery from or past exposure to the infection. IgG binds to the receptor-binding domain of SARS-CoV-2, such as the primary receptor angiotensin-converting enzyme 2 (ACE2), thereby blocking the virus from attaching to host cells and preventing cellular entry. Elevated levels of serum IgG signify effective defense against viral attacks and control of disease progression (Tegenge et al., 2021). Gruell et al. suggested that decreased serum IgG levels and activity correlate with prolonged COVID-19 infection and reinfection (Gruell et al., 2022). Persistent COVID-19 infection significantly increases the potential risk of developing long COVID, making it crucial to explore factors affecting serum IgG levels to alleviate long COVID (Swank et al., 2023; Davis et al., 2023). Recent studies have reported associations between serum IgG levels and factors such as age, gender, disease severity, and comorbidities in COVID-19 patients (Zeng et al., 2020; Yang et al., 2021; Yazaki et al., 2021; Kutsuna et al., 2021; Toh et al., 2022). However, the number of cases in these studies is relatively small, primarily focusing on severe and critically ill patients. Currently, COVID-19 infections are mainly asymptomatic or mild, and the factors influencing serum IgG levels in these cases remain uncertain.

This study enrolled 1,939 asymptomatic and mild COVID-19 patients hospitalized at Tianjin First Central Hospital from September 2022 to June 2023. It aimed to analyze the relationship between IgG levels, patients’ epidemiological characteristics, and laboratory indicators. The study sought to identify key factors influencing serum IgG levels, assess and intervene early to enhance patients’ immunity to COVID-19, and effectively mitigate the impact of long COVID on their quality of life.





Materials and methods




Participants and data source

This study retrospectively collected data on COVID-19 patients hospitalized at Tianjin First Central Hospital from September 2022 to June 2023. The inclusion criteria were defined as follows: (1) confirmed asymptomatic or mild COVID-19 cases (asymptomatic individuals were identified as those who tested positive for SARS-CoV-2 using nucleic acid tests but did not exhibit any related clinical symptoms, such as fever, dry cough, fatigue, sore throat, diminished sense of smell or taste, diarrhea, or other self-reported or clinically detectable signs. Additionally, their CT scans did not show characteristic imaging features of COVID-19. In contrast, mild cases were diagnosed when individuals had a positive nucleic acid test for SARS-CoV-2 and presented with mild clinical symptoms, including low-grade fever, mild fatigue, and disorders of smell and taste, without any imaging evidence of pneumonia), and (2) patients residing locally in Tianjin, China (non-imported cases). The exclusion criteria comprised: (1) cases with incomplete epidemiological information or test results, and (2) patients with acute liver or kidney insufficiency, severe inflammatory diseases, cardiovascular diseases, or immunodeficiency diseases at the time of admission. The diagnosis, clinical classification, and assessment of complications were conducted in accordance with the “COVID-19 Diagnosis and Treatment Protocol (9th Edition)” issued by the National Health Commission of China. Following rigorous screening, a total of 1,939 patients were enrolled in the study, including 1,549 asymptomatic infections and 390 mild cases. All patients provided signed informed consent. This study complies with the Declaration of Helsinki and was approved by the Medical Ethics Committee of Tianjin First Central Hospital (Ethics Committee archiving No. 2022N052KY).

The dataset comprises patients’ epidemiological data, symptoms and signs at admission, nucleic acid test results, and serum levels of antibodies, PCT, and IL-6. These serological measurements were obtained immediately following confirmation of SARS-CoV-2 infection and prior to the administration of any treatment. To ensure data accuracy, the information was obtained directly from the electronic medical records (HIS system) of Tianjin First Central Hospital and independently reviewed by two researchers. Specific IgG and IgM in serum samples were detected using recombinant antigens that specifically target the total SARS-CoV-2 protein via magnetic particle chemiluminescence assay kits (Biology and Science, China). PCT and IL-6 were quantitatively analyzed using electrochemiluminescence immunoassay according to the kit instructions (Ren mai, China). During hospitalization, nasopharyngeal swabs of all patients were tested daily to monitor real-time changes in their condition. To improve test accuracy, each patient’s sample was tested using three different kits (Sheng Xiang, Bo Jie, and Zhi Jiang, China). The Ct value of each sample was calculated according to the kit instructions. The “China Technical Guidelines for Laboratory Testing for COVID-19” sets the Ct threshold for a positive nucleic acid test at 40.





Statistical analysis

The Shapiro-Wilk method was used to test the normality of the data. Continuous variables with a normal distribution are expressed as mean ± standard deviation, with inter-group differences compared using the t-test. Non-normally distributed continuous variables are expressed as median (upper and lower quartiles), with inter-group differences compared using the Mann-Whitney U test. Categorical variables are expressed as counts (%), and inter-group differences were compared using the chi-square test or Fisher’s exact test. The correlation between two variables was analyzed using Spearman’s tests. Factors affecting patients’ serum IgG levels were predicted using univariate and multivariate logistic regression analyses, and significant predictors were integrated into a nomogram. Finally, ROC curves were plotted, and the AUC calculated to assess the diagnostic performance of the model. All statistical analyses and visualizations were conducted using SPSS 25.0 and R software (version 4.3.2). P-values less than 0.05 were considered statistically significant.






Results




Clinical characteristics and laboratory examinations of asymptomatic and mild patients

There were 1,939 COVID-19 patients admitted to Tianjin First Central Hospital, including 1,549 asymptomatic cases and 390 mild cases. Among asymptomatic patients, males predominated (51.5%), while among mild cases, females were more prevalent (53.8%). Mild patients had a median age of 37 years (IQR 28-49), slightly older than asymptomatic patients, whose median age was 35 years (IQR 26-48). In laboratory tests, asymptomatic patients showed lower levels of inflammatory markers PCT and IL-6 compared to mild patients, with no statistically significant differences (P > 0.05). Asymptomatic patients also had lower serum levels of IgG (median 4.77 g/L, IQR 1.17-14.96 g/L) and IgM (median 0.12 g/L, IQR 0.07-0.24 g/L) compared to mild patients (median 6.41 g/L, IQR 1.93-18.90 g/L for IgG; median 0.14 g/L, IQR 0.08-0.26 g/L for IgM). Interestingly, asymptomatic patients had a significantly shorter time for viral nucleic acid clearance (median 12 days, IQR 9-16 days) than mild patients (median 15 days, IQR 12-18 days), with a statistically significant difference (P < 0.05). Additionally, 50.9% of asymptomatic patients received ≥ 3 doses of the COVID-19 vaccine, compared to 45.4% of mild patients, indicating a significant difference (P < 0.05). While the proportion of mild patients with comorbidities was higher than that of asymptomatic patients, this difference was not statistically significant. Detailed clinical characteristics and laboratory findings are presented in Table 1.


Table 1 | Baseline clinical and laboratory characteristics of 1,939 asymptomatic or mild COVID-19 cases.







Disparities in clinical and laboratory characteristics between patients with IgG < 21.08 g/L and IgG ≥ 21.08 g/L

We analyzed the correlation between serum IgG and other clinical and laboratory indicators (Table 2). The results showed that serum IgG was positively correlated with serum IgM and negatively correlated with age, PCT, IL-6, and BMI. Notably, there was a moderate negative correlation between serum IgG and time to nucleic acid negativity (r = -0.578, P < 0.001). Based on the mean serum IgG level of 21.08 g/L, patients were divided into two groups: IgG < 21.08 g/L (1,536 patients) and IgG ≥ 21.08 g/L (403 patients). Compared to patients with IgG < 21.08 g/L, those with IgG ≥ 21.08 g/L were younger, had higher serum IgM levels, lower levels of inflammatory markers PCT and IL-6, and a shorter time to nucleic acid negativity. All these differences were statistically significant (P < 0.05). Additionally, 46.5% of patients with IgG < 21.08 g/L had received ≥ 3 doses of the COVID-19 vaccine, compared to 62.3% of patients with IgG ≥ 21.08 g/L, indicating a significant difference (P < 0.05). The proportion of patients without other comorbidities was significantly higher in the IgG ≥ 21.08 g/L group compared to the IgG < 21.08 g/L group (78.4% vs. 65.0%, P < 0.05). More detailed differences in clinical and laboratory characteristics of 1,939 COVID-19 patients grouped by IgG levels are shown in Table 3.


Table 2 | Correlation analysis between serum IgG levels and other clinical and laboratory indicators.




Table 3 | Differences in clinical and laboratory characteristics of 1,939 COVID-19 patients grouped by IgG levels.







Logistic regression analysis of factors affecting serum IgG levels

To investigate factors influencing serum IgG levels in patients, we initially conducted a univariate logistic regression analysis on all variables. The analysis revealed significant associations between serum IgG levels ≥ 21.08 g/L and younger age, lower IL-6 levels, receiving ≥ 3 doses of COVID-19 vaccine, and absence of comorbidities (P < 0.05). Subsequently, these statistically significant variables were included in the multivariate logistic regression analysis. The results demonstrated that age, IL-6 levels, COVID-19 vaccine doses, and comorbidities independently predicted serum IgG levels ≥ 21.08 g/L (Table 4, P < 0.05). To facilitate visualization, we developed a nomogram for predicting serum IgG levels using age, IL-6 levels, COVID-19 vaccine doses, and comorbidities (Figure 1). Each level of the predictive indicators was assigned a score on a rating scale, and the total score was obtained by summing the scores of each predictive factor. Finally, a vertical line was drawn from the total score to the incidence rate axis at the bottom of the nomogram to assess the probability of patients having serum IgG levels ≥ 21.08 g/L. To assess the accuracy of our predictive model, we plotted an ROC curve and calculated an AUC of 0.772 (Figure 2).


Table 4 | Univariate and multivariate logistic regression analyses of factors influencing serum IgG levels.






Figure 1 | A nomogram constructed to predict patient serum IgG levels based on age, IL-6 levels, COVID-19 vaccination doses, and comorbidities.






Figure 2 | An ROC curve predicting patient serum IgG levels.








Discussion

As of July 21, 2024, the COVID-19 pandemic has resulted in 775 million infections and 7.05 million deaths worldwide [World Health Organization (WHO). Weekly Epidemiological Update on COVID-19. Available online: https://covid19.who.int/ (accessed on 8 August 2024)]. Upon infection with SARS-CoV-2, the human immune system can become overactivated, releasing large amounts of cytokines, such as tumor necrosis factor-α (TNF-α) and IL-6, triggering an excessive inflammatory response. As COVID-19 transitions into a seasonal coronavirus disease, an increasing number of patients tend to underestimate its health impact. However, ongoing or repeated infections present another serious threat to global health—long COVID, causing long-term impacts on patients’ lungs and various extrapulmonary tissues and organs, including cardiovascular, cognitive, neurological, and metabolic systems (Alkodaymi et al., 2022; Velasquez Garcia et al., 2024; Golzardi et al., 2024; Maniaci et al., 2024). Recent research has discovered that in hospitalized COVID-19 patients, higher antibody levels are correlated with lower inflammation levels (Mink et al., 2024). Thus, early-stage immune function intervention not only aids in halting the virus’s spread within the body but also alleviates the inflammatory response, thereby effectively reducing the negative effects of long COVID on quality of life. In this study, we analyzed the correlation between serum IgG and other variables in 1,939 asymptomatic or mild COVID-19 patients. The results indicated that serum IgG was negatively correlated with age, PCT, IL-6, and BMI, particularly with a moderate negative correlation with nucleic acid clearance time (r = -0.578, P < 0.001). To further explore the key factors influencing serum IgG levels in asymptomatic or mild COVID-19 patients, we divided the patients into two groups based on the average serum IgG level of 21.08 g/L: those with IgG < 21.08 g/L and those with IgG ≥ 21.08 g/L. We found that younger age, lower IL-6 levels, receiving ≥ 3 doses of vaccine, and lack of comorbidities were independent predictors of serum IgG levels ≥ 21.08 g/L.

Elderly individuals show reduced peak antibody levels after SARS-CoV-2 infection, likely due to age-related declines in immune function, which diminishes their response to pathogens. Furthermore, viral infections increase the likelihood of severe illness in older adults, thereby slowing down viral clearance (Castilla et al., 2021). Ikezaki et al. observed a significant negative correlation between participants’ anti-spike IgG levels and age (r = -0.35, P < 0.01). This correlation remained statistically significant even after adjusting for sex, BMI, smoking or alcohol drinking habits, allergies, and fever or other adverse reactions at the time of vaccination (r = -0.28, P < 0.01) (Ikezaki et al., 2022). Similarly, Papaioannidou et al. identified a negative correlation between IgG titers and age (P = 0.001). Further stratification of IgG titers by age group revealed significant statistical differences between the youngest (< 30 years) and oldest (> 60 years) groups, as well as between the youngest (< 30 years) and the 51-60 years age group (P = 0.001 and P = 0.006) (Papaioannidou et al., 2023).

IL-6 is crucial in immune and inflammatory responses during COVID-19 infection. As a pro-inflammatory cytokine, IL-6 promotes leukocyte proliferation and activation through the Janus kinase (JAK)/signal transducer and activator of transcription (STAT) pathway. It drives inflammation by regulating the migration of inflammatory cells and the release of inflammatory mediators (Aletaha et al., 2023). Several studies have shown that IL-6 is closely associated with the onset and severity of COVID-19 (Queiroz et al., 2022; Yin et al., 2023; Wu et al., 2021). Inhibiting IL-6 receptors can effectively reduce COVID-19 complications and mortality (Rubin et al., 2021; Ghosn et al., 2023). Our study found that lower IL-6 levels independently predict serum IgG levels ≥ 21.08 g/L. A possible explanation is that reduced inflammation from lower IL-6 levels creates a stable internal environment, enabling B lymphocytes to secrete more antibodies. Several studies support this correlation. Lu et al. confirmed an inverse correlation between IL-6 expression and SARS-CoV-2 IgG (Lu et al., 2021). In a cross-sectional study by Elhag et al., serum IgM and IgG levels significantly increased (P = 0.01, 0.004), while IL-6 and IL-2 levels decreased (P = 0.761, 0.071) in discharged patients (Elhag et al., 2023). Masia et al. assessed the impact of IL-6 blockers on long-term immunity in COVID-19 patients and found significantly higher median serum anti-trimeric spike IgG levels (295 vs. 121 BAU/mL; P = 0.011) and neutralizing antibodies (74.7 vs. 41.0%IH; P = 0.012) within one year post-infection in patients receiving anti-IL-6 therapy. Additionally, a higher proportion of these patients had neutralizing antibodies (80.6% vs. 57.7%; P = 0.028) (Masia et al., 2022).

We also found that the absence of comorbidities independently predicts serum IgG levels ≥ 21.08 g/L. This might be because comorbidities induce a chronic inflammatory state, impairing the immune system. Without complications, the body’s internal environment remains stable, allowing B lymphocytes to secrete more antibodies. Guzel et al. found that patients with cardiovascular disease and diabetes had significantly lower serum IgG antibody levels compared to those without these conditions (P < 0.05 and P < 0.001, respectively) (Guzel et al., 2021). Similarly, Malavazos et al. indicated that 1 to 3 months after the second vaccine dose, patients with abdominal obesity had a more significant reduction in serum anti-trimeric spike IgG levels compared to those without abdominal obesity (2.44-fold [95% CI: 2.22-2.63] vs. 1.82-fold [95% CI: 1.69-1.92], P < 0.001) (Malavazos et al., 2022).

To control the spread of the epidemic and reduce severe and fatal cases, large-scale COVID-19 vaccination programs have been repeatedly implemented worldwide. By April 23, 2023, over 13 billion doses of COVID-19 vaccines had been reported to the WHO, offering a 65% to 95% protection rate against COVID-19 (Lin et al., 2023). Our study shows that receiving three or more doses of COVID-19 vaccines independently predicts serum IgG levels ≥ 21.08 g/L, with more doses correlating to higher IgG levels. Notably, it was the most beneficial factor for elevated serum IgG levels. Jiang et al. observed that 28 days after the initial vaccination, the positive rates of serum IgG and IgM were 4% and 13%, respectively. After receiving booster doses, these rates increased to 65% and 97%, respectively (Jiang et al., 2022). Similarly, Wang et al. confirmed that vaccinated patients had significantly higher levels of virus-specific IgG and IgM compared to unvaccinated patients, indicating that COVID-19 vaccination significantly enhances the immune response to SARS-CoV-2 (Wang et al., 2023).

To facilitate clinical application, we developed a nomogram using age, IL-6 levels, COVID-19 vaccination doses, and comorbidities to predict serum IgG levels for the first time. Recognizing that post-treatment serum sample data might obscure the early risk stratification for Long COVID, we collected pretreatment serum samples for antibody, PCT, and IL-6 testing immediately after confirming SARS-CoV-2 infection and before any therapeutic intervention. The developed nomogram offers clinicians a reliable tool for early risk assessment of Long COVID, with an AUC of 0.772, thereby streamlining the treatment decision-making process. Our study suggests that for asymptomatic or mild COVID-19 patients with low IgG levels, using IL-6 blockers, receiving vaccinations, and/or treating comorbidities can enhance the immune response to SARS-CoV-2, thereby reducing the risk of long COVID and improving their quality of life. Despite these insights, the study has its limitations. First, this is a single-center retrospective study, and further multi-center prospective studies are needed to validate our model. Second, the study variables are relatively limited, as we only explored the correlation between a few common laboratory indicators and serum IgG levels. Third, the absence of specific cellular immune response data in our cohort hinders a comprehensive assessment of post-infection immunity and protection. Future research should expand its scope to include more comprehensive laboratory data to refine predictive models.





Conclusions

In this study, we established a nomogram to predict serum IgG levels in COVID-19 patients. Our results indicate that younger age, lower IL-6 levels, receiving three or more doses of the COVID-19 vaccine, and having no comorbidities are associated with a higher probability of having serum IgG levels ≥ 21.08 g/L. The nomogram we developed demonstrates high clinical predictive performance, making it a reliable tool for estimating the immune response capacity of COVID-19 patients. This aids clinicians in early risk stratification and intervention for long COVID, thereby reducing its negative impact on patients’ quality of life.
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