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Background

The immune response to hepatitis B vaccine may be influenced by numerous factors, and patients with non/low response re-exposed to hepatitis B virus remain susceptible. Thus, a better understanding of the underlying mechanisms of non/low immune response in infants born to Hepatitis B surface antigen (HBsAg)-positive mothers is essential.





Methods

100 infants born to HBsAg-positive mothers from 2015 to 2020 were enrolled in the study, further divided into the non/low response group (n=13) and the moderate strong response group (n=87) based on the quantification of hepatitis B surface antibody at 12 months of age. The differential expression of 48 immune-related cytokines in the two groups was compared and analyzed in detail. The key cytokines were further identified and clinically predictive models were developed.





Results

We found that 13 cytokines were lowly expressed and one cytokine was highly expressed in the non/low response group, compared with the moderate strong response group at birth. In addition, 9 cytokines were lowly expressed and one cytokine was highly expressed in the non/low response group at 12 months of age. Furthermore, we found that IL-5 and HGF were promising predictors for predicting the immunization response to hepatitis B vaccine in infants, and the combination of the two cytokines showed the best predictive efficiency, with an area under the curve (AUC) value of 0.844.





Conclusion

The present study provides a theoretical basis on cytokines for developing and implementing effective immunotherapies against non/low immune response in infants born to HBsAg-positive mothers.
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Introduction

Chronic Hepatitis B (CHB) is a serious global public health problem. According to the World Health Organization (WHO), an estimated 257 million people worldwide are infected with the hepatitis B virus (HBV). Additionally, approximately 887,000 people die each year from diseases related to HBV infection, including 30% from cirrhosis and 45% from primary hepatocellular carcinoma (Bertoletti and Ferrari, 2016; Revill et al., 2019).

Receiving the hepatitis B vaccine is the most effective strategy for preventing HBV infection (Locarnini et al., 2015). To provide maximal protection against mother-to-child transmission, it is advised that newborns are immunized with this vaccine immediately after birth (<24 hours), followed by doses at one and six months of age. Subsequent to the completion of the vaccination series, testing for serological markers of hepatitis B is recommended (Pattyn et al., 2021; Lanini et al., 2019). Research has identified that titers of Hepatitis B surface antibody (anti-HBs) below 10 mIU/mL pose a risk factor for the reactivation of the virus (Yi et al., 2016; Wu et al., 2018), whereas levels equal to or greater than 10 mIU/mL offer immunoprotection, especially critical for infants born to Hepatitis B surface antigen (HBsAg)-positive mothers (Nishida et al., 2018). The implementation of hepatitis B vaccination protocols has notably decreased the incidence of HBsAg infections. The progression and outcome of an HBV infection are significantly determined by the interplay between the virus and its host, with the age at infection being a crucial determinant of the disease’s chronicity (Iannacone and Guidotti, 2022; Kwan et al., 2021). Infants and neonates under one year face a 90% risk of developing a chronic condition following exposure (Fisman et al., 2002; Zimmermann and Curtis, 2019). Further studies have highlighted individuals living with HBsAg-positive family members are at an elevated risk, particularly when those who are non-responders or have low response rates encounter infected populations, thereby increasing their susceptibility to HBV (Zhou et al., 2017; Shahmoradi et al., 2012). This situation underscores the ongoing challenges in curtailing the spread of HBV infections.

The immune response elicited by hepatitis B vaccination is a complex process influenced by an array of factors, including characteristics of the vaccine itself, host organismal factors, and viral attributes (Zimmermann and Curtis, 2019). Studies have documented that the production of anti-HBs by B lymphocytes was dependent on the stimulation of multiple signals (Ma et al., 2019; Le Bert et al., 2020). Upon administration of the hepatitis B vaccine, antigen-presenting cells (APCs), such as dendritic cells and macrophages, are activated (Horst et al., 2021). These cells then capture the antigen and migrate to proximal lymph nodes where they undergo maturation and process the antigen. During this process, HBsAg is presented to T cells in the context of peptide-MHC class II complexes. This antigen presentation is crucial for the activation of CD4+ T lymphocytes, which, depending on the cytokine milieu, can differentiate into either Th1 or Th2 cells. Th2 cells, upon activation, promote the proliferation of themselves and secrete cytokines that are instrumental in activating B cells. These activated B cells then undergo differentiation into plasma cells, which are responsible for the production of anti-HBs antibodies (Khanam et al., 2021; Peeridogaheh et al., 2018). The activation of B cells also involves interactions with co-stimulatory molecules present on the surface of Th cells (Bertoletti and Ferrari, 2016), highlighting the intricate interplay between cellular components of the immune system. Moreover, the hepatitis B vaccine induces the body to produce protective antibodies through a mechanism that necessitates the activation of Th cells and the coordinated secretion of cytokines by Th1 and Th2 cells (Bertoletti and Ferrari, 2016; Gu et al., 2020). The cytokine profiles of Th1 and Th2 cells are distinct and have differing effects on the immune response (Jafarzadeh and Shokri, 2012; Zhu, 2018). Th1 cells are known for their role in promoting cell-mediated immunity, whereas Th2 cells support humoral immunity by stimulating antibody production (Adugna, 2023; Zhang et al., 2014). The balance between Th1 and Th2 responses is critical in determining the efficacy of the vaccine-induced immune response. A predominance of Th1 responses tends to favor a more robust cell-mediated immunity, while a Th2-biased response enhances antibody production (Butcher and Zhu, 2021). The dynamic interplay between Th1 and Th2 cells, characterized by both synergistic and antagonistic interactions, is essential for achieving an optimal immune response to the hepatitis B vaccine. This balance is influenced by various factors, including the cytokine environment, which in turn can be affected by the vaccine, host, and viral factors (Van Eden et al., 2002; Lin et al., 2023). It is evident that cytokines and immune cells play a pivotal role in orchestrating the immune response.

In this study, we conducted a comprehensive investigation into the expression of 48 immune-related cytokines in the peripheral blood plasma of infants born to HBsAg-positive mothers. Our primary objective was to identify specific cytokines that correlate with a non/low response to hepatitis B vaccination among these infants. Building on these findings, we aimed to develop a predictive model for identifying infants at risk of non/low response to hepatitis B vaccination. This model is based on a combination of clinical indicators and cytokine expression profiles. Through our analysis of cytokine expression in infants born to HBsAg-positive mothers, we seek to lay a theoretical foundation for the development and implementation of more effective antiviral immunotherapies.





Materials and methods




Study participants and clinical data collection

From June 2015 to December 2020, 225 infants born to HBsAg-positive mothers were recruited as study participants from Shenzhen Third People’s Hospital in present study. All newborn infants were vaccinated with Hepatitis B Immunoglobulin (HBIG) and recombinant hepatitis B vaccine at birth, and also received recombinant hepatitis B vaccine at 1 and 6 months of age, respectively. HBsAg-positive mothers were screened for HBV markers and liver function, and the clinical baseline information of mothers was collected and recorded. In addition, 125 infants not eligible for enrollment were excluded in the present study (including 61 cases without 12-month-old follow-up information, 60 cases without peripheral blood sample, 2 cases born to HBV/HIV-coinfected mothers, and 2 cases of premature babies), and100 eligible cases were enrolled in this study (Figure 1). Ethical approval of the present study was permitted by the ethics committees of The Third People’s Hospital of Shenzhen (2018-014) and the study was conducted in accordance with the International Conference on Harmonization Guidelines for Good Clinical Practice and the 1975 Declaration of Helsinki and institutional ethics guidelines.




Figure 1 | Overall flowchart of study design.







Evaluation of immunization efficacy against hepatitis B in infants

Referring to the clinical management process for blocking mother-to-child transmission of hepatitis B virus (Hou et al., 2019), this study assessed the efficacy of hepatitis B vaccination in preventing mother-to-child transmission of the hepatitis B virus (HBV). Immunization response was classified based on the presence of hepatitis B surface antibodies (HBsAb) as follows:

	(1) No response: Characterized by an HBsAb level below 10 mIU/ml, indicating a lack of protective immunity against HBV.

	(2) Low response: Defined by HBsAb levels ranging from 10 to 100 mIU/ml, suggesting a minimal protective effect.

	(3) Moderate strong response: Indicated by HBsAb levels of 100 mIU/ml or higher, reflecting adequate immunological protection against HBV.



Infants enrolled in the study were classified into these distinct groups according to their HBsAb response levels. This classification enabled a detailed analysis of the immunization’s effectiveness in generating a protective immune response against hepatitis B among infants born to HBsAg-positive mothers.





Measure of plasma cytokines

The plasma samples of infants were collected from infants at birth (before active and passive immunization) and 12 months of age (after immunization), and the plasma samples were collected from mothers before delivery. All samples were stored at -80°C in the refrigerator for laboratory testing and analysis. The expression levels of 48 cytokines were measured using Bio-Plex Pro Human Cytokine Screening Panel (Bio-Rad, Berkeley, Calif) as previously reported (Liu et al., 2020). The detailed information of 48 cytokines was shown in Supplementary Table S1.





Least absolute shrinkage and selection operator regression analysis

Least absolute shrinkage and selection operator (LASSO) is a regularization and descending dimension method, which can be used in key cytokines screening combined with receiver operating characteristic (ROC) curve analysis. We first performed a LASSO regression model with 10-fold cross-validation and 1000 bootstrap samples carried out to remove over-fitting regarding cytokines related to immune response for feature selection through R package “Glmnet” (Engebretsen and Bohlin, 2019). Further, ROC curve analysis through R package “pROC” (Robin et al., 2011) was performed to assess the predictive accuracy of identified cytokines. Moreover, the combined values for predicting individual cytokine were assessed using binary logistic regression to predict immune response to hepatitis B immunization.





Statistical analysis

HBV DNA was log-transformed with a base of 10. Measurement data: Shapiro-Wilk test for normality, Levene test for chi-square test between groups, t-test for comparison between two groups conforming to normal distribution and chi-square; expressed as mean ± standard deviation, non-normal distribution by a non-parametric test, expressed as median (25%, 75% interquartile range). Count data: expressed as frequency or rate (%), χ2 test was used for comparison between groups; ROC curve was used and area under the curve (AUC) was assessed to analyze the validity of cytokine indexes to predict immune response to hepatitis B immunization. A statistically significant difference was defined as p<0.05.






Results




Clinical characteristics

The enrollment flow of the present study was shown in Figure 1. Among 100 HBsAg-positive mothers, the median age of these patients in non/low-response group (n=13) was 30 years, ranging from 27 to 33 years, and the median age of these patients in moderate strong response moderate strong response group (n=87) was 29 years, ranged from 26 to 32 years (Supplementary Table S2). All clinical characteristics of HBsAg-positive mothers, including age, gestational weeks, ALT, AST, BUN and especially HBV-DNA and maternal comorbidities, did not manifest significant differences between non/low-response group and moderate strong response group (Supplementary Table S2). Next, we further analyzed whether the factors associated with the birth of the infants affected the immune response. We first analyzed the delivery mode of the infants, and no significant differences were observed between the two groups, regardless of whether the delivery mode was natural or cesarean (p=0.074) (Supplementary Table S3), and there were no statistically significant differences in the sex or the feeding mode between the two groups (all p>0.05). Further analysis of the effect of birthweight on immunization response revealed that the median weight of infants was 3600 g in the non/low-response group and 3200 g in moderate strong response group, respectively, and the differences were statistically significant (p=0.005) (Supplementary Table S3).

Particularly, we meticulously analyzed the correlations between infant birth weight and maternal clinical characteristics to elucidate potential markers or predictors of neonatal health in the context of hepatitis B exposure. Our findings revealed a modestly positive correlation between infant birth weight and four clinical indices: aspartate aminotransferase (AST), total bilirubin (TBIL), Blood loss at delivery (BLD), and gestational week (Supplementary Figure S1A). This suggests that higher values in these maternal clinical indices, within physiological limits, may be associated with increased birth weight, potentially indicating a healthier neonatal outcome. Furthermore, our analysis uncovered a notably strong positive correlation between alanine aminotransferase (ALT) and AST (R=0.91, p=7.1e-39), highlighting a significant link between these liver enzymes in HBsAg-positive mothers (Supplementary Figure S1B). This relationship underscores the liver’s stressed condition in hepatitis B, as both enzymes are commonly elevated in liver damage or inflammation. The strong correlation suggests that these enzymes could serve as reliable markers for monitoring liver health in HBsAg-positive pregnant women. Additionally, we identified a significant negative correlation between total bilirubin (TBIL) and blood urea nitrogen (BUN) (R=-0.32, p=1.2e-3) (Supplementary Figure S1C). This inverse relationship might indicate a complex interplay between liver function (as reflected by bilirubin levels) and renal health (as indicated by BUN levels) in the context of hepatitis B infection. Lower BUN levels associated with higher TBIL could suggest a compensatory renal response to altered liver function.





Differential expression analysis of cytokine profile in infants in different immunization response groups

To further investigate the relationship between immunization response to hepatitis B vaccine and cytokines, we first analyzed the expression levels of 48 plasma cytokines in infants at birth (Supplementary Figure S2A). The results showed that 14 of 48 cytokines were differentially expressed in infants at birth (Figure 2A). The expression levels of β-NGF (Beta nerve growth factor), GRO-α (Growth regulated oncogene α), HGF (Hepatocyte growth factor), IFN-γ (Interferon gamma), IL-10 (interleukin 10), IL-12p40 (interleukin 12 (p40)), IL-16 (interleukin 16), IL-1Ra (interleukin 1 receptor antagonist), IL-5 (interleukin 5), IL-6 (interleukin 6), M-CSF (Macrophage colony Stimulating Factor 1), SCF (Stem cell factor) and TRAIL (TNF-related apoptosis-inducing ligand), in the non/low response group, were significantly lower than those in the moderate strong response group, and MIG (Mitogen-inducible gene) expression levels were significantly higher than that in the moderate strong respond group at birth (all p < 0.05) (Figure 2A). And IL-1Ra expression level was the highest in the moderate strong response group, and GRO-α was the highest in the non/low response group at birth (Figure 2A).




Figure 2 | The differential expression level of cytokines in infants born to HBsAg-positive mothers. (A) 14 cytokines differentially expressed in the non/low-response and moderate strong response groups in newborn infants at birth. (B) 10 cytokines differentially expressed in the non/low-response and moderate strong response groups in 12-month-old infants. P<0.05 indicated statistical significance. P-values were showed as: *, P <0.05; **, P <0.01; ***, P <0.001; ****, P <0.0001.



We further explored the expression of 48 cytokines in infants at 12 months of age (Supplementary Figure S2B) and found that the expression levels of 9 cytokines, including IFN-γ, IL-18 (interleukin 18), IL-2Ra (interleukin 2 receptor antagonist), IL-5, LIF (Leukemia Inhibitory Factor), M-CSF, MIG, TNF-α (tumor necrosis factor alpha), and TRAIL, were significantly lower in the non/low response group than in the moderate strong response group (Figure 2B), while the expression level of IL-6 in non/low response group was significantly higher than in moderate strong response group (p<0.05).

Our comparative analysis highlighted significant differences in the levels of IFN-γ, IL-5, IL-6, M-CSF, MIG, and TRAIL in infants at birth and at 12 months of age, with all differences being statistically significant (p<0.05) (Figures 2A, B). Thus, we further conducted a paired differential expression analysis on these six cytokines at birth and at 12 months of age (Figures 3A-F). This analysis revealed that, specifically, IL-5 (Figure 3B), IL-6 (Figure 3C), and MIG (Figure 3E) exhibited differential expression in the moderate strong response group. Conversely, we observed no significant differences in the expression of these six cytokines in the non/low response group (Figure 3).




Figure 3 | Paired differential expression analysis of 6 cytokines (IFN-γ, IL-5, IL-6, M-CSF, MIG, TRAIL) in different response groups (A–F). Paired‐samples t‐test analysis for at birth/12-month-old pairs was used to depict the differential levels, and P<0.05 indicated statistical significance.







Independent predicative value of cytokines for the immunization response to hepatitis B vaccine in infants

Furthermore, we performed ROC curve analysis to evaluate the predictive efficiency of single cytokines differentially expressed for immunization response in infants at birth. The results demonstrated that AUC value of ROC curve was 0.797 for IL-5, followed by 0.760 for β-NGF (Figure 4), and the AUC of other cytokines ranged from 0.676 to 0.752 (Figure 4), suggesting the appreciable reliability of 14 cytokines as predictive indicators for different immunization response to hepatitis B vaccine in infants.




Figure 4 | ROC curve analysis of peripheral plasma cytokine levels for infants at birth in the non/low-response and moderate strong response groups.







IL-5 and HGF are key cytokine predictors for predicting the immunization response in infants

Then, to further identify the key differentially expressed cytokines at birth that were significantly correlated with the immunization response of infants born to HBsAg-positive mothers, we employed LASSO-Logistic regression to screen for potential predictors (Figures 5A, B). The results showed that a total of 4 cytokines, including IL-5, HGF, IL-12p40 and β-NGF, were identified as key cytokines. The parameters in LASSO model were shown in Supplementary Table S4. As shown in Supplementary Table S5, the negative coefficients of 4 identified cytokines, including IL-5, HGF, IL-12p40 and β-NGF, in the LASSO-Logistic regression model, suggested that the four cytokines were protective factors for infants born to HBsAg-positive mothers.




Figure 5 | Lasso regression analysis of 14 cytokines and a predictor model construction based on identified 4 cytokines. (A) LASSO regression analysis for 14 cytokines. (B) The relationship of the most appropriate log (λ) value and binomial deviance in LASSO regression mode. (C) The forest plot showed the predictive effect of different combination of 4 identified cytokines for different immune response through ROC curve analysis.



Next, we tested different combinations of 4 cytokines to predict immune responses (Figure 5C). The combination of IL-5 and HGF exhibited the highest AUC of 0.844, the same as the combination of IL-5, HGF and IL-12p40, as followed by the combination of 4 cytokines with an AUC of 0.843 (Figure 5C). In addition, the combination of IL-5, HGF and β-NGF also manifested a practical predictive and diagnostic value with an AUC of 0.841(Figure 5C), and the other combination of 4 cytokines also showed an excellent predictive effect, with the AUC ranging from 0.755 to 0.836 (Figure 5C). These results suggest that the 4 identified cytokines can better predict the immune response of infants born to HBsAg-positive mothers after hepatitis B immunization and that the combination of IL-5 and HGF was a valid diagnostic determinant.






Discussion

Numerous factors may influence the immune response to HBV vaccination (Zimmermann and Curtis, 2019). Nevertheless, the mechanisms of response to hepatitis B vaccine, especially non or low response, remain to be clearly determined. The most common mode of transmission of hepatitis B virus is from mother to child during birth and delivery (Yuen et al., 2018; Yi et al., 2016). Especially when the non/low-response patients are exposed to HBV again, they remain susceptible and may even develop into HBV carriers (Wang et al., 2019). Thus, a better understanding of the underlying mechanism in infants’ non/low immunization response is essential for developing and implementing effective antiviral therapies.

In this study, 100 infants born to HBsAg-positive mothers were enrolled and the relationships between expression levels of plasma cytokines and the immunization response to hepatitis B vaccine were analyzed in detail. The non/low response rate of hepatitis B immunization in infants in this study was 13%, which was similar to the previous study (Jiang et al., 2021), but the non/low response rate in this study was lower than that of other studies in China. The difference in results may be attributable to the hospital and region where this study was conducted, as the hospital is an infectious disease specialist that ensures that all newborns can receive hepatitis B vaccine and hepatitis B immunoglobulin no more than 12 hours after birth. Previous studies have reported that infants fed artificially and whose HBsAg-positive mothers had HBV DNA≥1×107 copies/ml were prone to non/low response to hepatitis B immunization (Hou et al., 2019; Ko et al., 2020). In this study, infant birth weight was found to be associated with the effect of hepatitis B immune response, which is the same as the results of previous studies (Wang et al., 2016). Our study identified a significant negative correlation between neonatal birth weight and the immune response to hepatitis B vaccination. Specifically, infants with a median birth weight of 3200 grams showed a moderate to strong immune response, whereas those weighing 3600 grams were more likely to have a non/low response. This suggests that lower birth weight may be associated with a stronger immune reaction to HBV vaccination. This negative relationship underscores the complexity of neonatal immune system maturation and its interaction with physiological factors such as birth weight. Further research is needed to elucidate the mechanisms underlying this association and to determine whether similar patterns are observed in broader populations.

Recent studies have highlighted IL-10 as a critical cytokine predominantly produced by Th2 cells. It plays a crucial role in immune regulation by modulating the activity of macrophages, T cells, B cells, and NK cells (Sabat et al., 2010). The primary functions of IL-10 include the suppression of pro-inflammatory cytokine production, the limitation and resolution of inflammatory responses, and the facilitation of B cell proliferation and differentiation for antibody production (Sabat et al., 2010; El-Emshaty et al., 2015; Körber et al., 2021). Our findings corroborated these observations, indicating lower plasma expression level of IL-10 in individuals with a non/low response to the hepatitis B vaccine. Furthermore, our study expands the understanding of cytokine involvement by demonstrating that IL-5, alongside IL-6, TRAIL, IFN-γ, MIG, and M-CSF, showed consistent differential expression between the non/low response group and the moderate strong response group at birth and 12 months of age, suggesting a broader network of cytokines contributing to the post-vaccination immune response. However, there was no related study revealed the roles of IL-5, IL-6, TRAIL, IFN-γ, MIG, and M-CSF in the immune response to the hepatitis B vaccine in infants born to HBsAg-positive mothers.

To further identify cytokines affecting non/low response to hepatitis B immunization, we selected 14 cytokines that were significantly differentially expressed between the two groups at birth for LASSO regression analysis and construction of a ROC clinical prediction model, which identified 4 critical cytokines, respectively, IL-5, HGF, IL-12p40 and β-NGF. Further analysis of the combined ROC curve revealed that IL-5 and HGF could be of high predictive value as predictive cytokines for non/low response, with an AUC of 0.844. Previous studies on the relationship between IL-5 and immune response to hepatitis B vaccine have not been reported. Studies have shown that IL-5 was mainly secreted by Th2 cells (Nakayama et al., 2017). Therefore, the reduced level of IL-5 expression may affect the secretion of Th2-related cytokines and thus decrease the immune response. In addition, IL-5 was a key driver of the Th2 pathway (Gandhi et al., 2016), which could stimulate cell proliferation and differentiation, thus acting as an immune response. There are few studies on the mechanisms of HGF, IL-12p40 and β-NGF in the immune response to hepatitis B vaccine. HGF is a paracrine cell growth factor secreted by mesenchymal cells and targets and acts primarily on epithelial and endothelial cells, but also on hematopoietic progenitor cells and T cells (Ozden et al., 2004). Studies have shown that serum HGF levels in patients with chronic hepatitis B may reflect viral load, necro-inflammatory activity in the liver (Ozden et al., 2004). IL-12 is known as a T cell-stimulating factor and plays a vital role in the activity of natural killer cells and T lymphocytes (Vignali and Kuchroo, 2012). β-NGF is a neurotrophic factor that plays a crucial role in developing and preserving the sensory and sympathetic nervous system (Yuan et al., 2013). In addition, β-NGF also functions as a growth and differentiation factor for B lymphocytes and enhances B cell survival, suggesting that β-NGF may have a potential immunomodulatory role (Hillis et al., 2016). However, further investigations are needed to elucidate the mechanisms of these cytokines in the immune response to hepatitis B vaccine.

The non/low immune response to hepatitis B immunization in infants born to HBsAg-positive mothers may be associated with decreased IL-5 and HGF expression levels and birth weight, and the combined IL-5 and HGF index could effectively predict the vaccine immune response in infants born to HBsAg-positive mothers. The predictive value of IL-5 and HGF on immune response was found, and further studies on whether IL-5 and HGF can be used as vaccine adjuvants and the mechanisms of IL-5 and HGF in the immune response can follow. Indeed, there are some limitations in this study. One limitation of our study is its relatively small sample size, which may not fully represent the broader population of infants born to HBsAg-positive mothers. Additionally, while we have identified significant associations between certain cytokines and the immune response to hepatitis B vaccination, our study is observational and cannot definitively establish causality. Further research involving larger, diverse cohorts and experimental studies are necessary to validate our findings and elucidate the underlying mechanisms of the immune response to hepatitis B vaccination in this specific population.

In summary, the present study is the first to investigate the associations between 48 immune-related cytokines and the immune response to hepatitis B immunization in infants born to HBsAg-positive mothers. Our study identified 2 key cytokines for predicting the immunization response to hepatitis B vaccine for infants born to HBsAg-positive mothers, providing a theoretical basis for developing and implementing effective immunotherapies against non/low immune response in infants in the future clinical practice.





Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding author.





Ethics statement

The studies involving humans were approved by the ethics committees of The Third People’s Hospital of Shenzhen. The studies were conducted in accordance with the local legislation and institutional requirements. The human samples used in this study were acquired from a by- product of routine care or industry. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements.





Author contributions

GO: Data curation, Formal analysis, Methodology, Software, Visualization, Writing – original draft, Writing – review & editing. LQ: Investigation, Data curation, Formal analysis, Methodology, Writing – original draft. LZ: Data curation, Formal analysis, Investigation, Methodology, Funding acquisition, Writing – original draft. YY: Methodology, Writing – review & editing. GY: Methodology, Writing – review & editing. LP: Methodology, Writing – review & editing. YaL: Methodology, Funding acquisition, Writing – review & editing. LY: Investigation, Writing – review & editing. YiL: Conceptualization, Funding acquisition, Project administration, Resources, Supervision, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. The present study was supported by the National Science and Technology Key Project on “Major Infectious Diseases such as HIV/AIDS, Viral Hepatitis Prevention and Treatment” (grant number 2017ZX10201201-005-001, 2017ZX10201201-001-007, 2017ZX10201201-002-007); Hospital level project of Shenzhen Third People’s Hospital (grant number G2022146, 24250G1011); National Natural Science Foundation of China (grant number 81873573).





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcimb.2024.1332666/full#supplementary-material




References

 Adugna, A. (2023). Antigen recognition and immune response to acute and chronic hepatitis B virus infection. J. Inflammation Res. 16, 2159–2166. doi: 10.2147/JIR.S411492

 Bertoletti, A., and Ferrari, C. (2016). Adaptive immunity in HBV infection. J. Hepatol. 64, S71–s83. doi: 10.1016/j.jhep.2016.01.026

 Butcher, M. J., and Zhu, J. (2021). Recent advances in understanding the Th1/Th2 effector choice. Faculty Rev. 10, 30. doi: 10.12703/r/10-30

 El-Emshaty, H. M., Nasif, W. A., and Mohamed, I. E. (2015). Serum cytokine of IL-10 and IL-12 in chronic liver disease: the immune and inflammatory response. Dis. Markers 2015, 707254. doi: 10.1155/2015/707254

 Engebretsen, S., and Bohlin, J. (2019). Statistical predictions with glmnet. Clin. Epigenet. 11, 123. doi: 10.1186/s13148-019-0730-1

 Fisman, D. N., Agrawal, D., and Leder, K. (2002). The effect of age on immunologic response to recombinant hepatitis B vaccine: a meta-analysis. Clin. Infect. Dis. 35, 1368–1375. doi: 10.1086/344271

 Gandhi, N. A., Bennett, B. L., Graham, N. M., Pirozzi, G., Stahl, N., Yancopoulos, G. D., et al. (2016). Targeting key proximal drivers of type 2 inflammation in disease. Nature reviews. Drug Discovery 15, 35–50. doi: 10.1038/nrd4624

 Gu, Y., Chen, L., Lian, Y., Chen, Y., and Bi, Y. (2020). Serum HBV pregenomic RNA is correlated with Th1/Th2 immunity in treatment-naïve chronic hepatitis B patients. J. Med. Virol. 92, 317–328. doi: 10.1002/jmv.25612

 Hillis, J., O'Dwyer, M., and Gorman, A. M. (2016). Neurotrophins and B-cell Malignancies. Cell. Mol. Life Sci. 73, 41–56. doi: 10.1007/s00018-015-2046-4

 Horst, A. K., Kumashie, K. G., Neumann, K., Diehl, L., and Tiegs, G. (2021). Antigen presentation, autoantibody production, and therapeutic targets in autoimmune liver disease. Cell. Mol. Immunol. 18, 92–111. doi: 10.1038/s41423-020-00568-6

 Hou, J., Cui, F., Ding, Y., Dou, X., Duan, Z., Han, G., et al. (2019). Management algorithm for interrupting mother-to-child transmission of hepatitis B virus. Clin. Gastroenterol. Hepatol. 17, 1929–1936.e1921. doi: 10.1016/j.cgh.2018.10.007

 Iannacone, M., and Guidotti, L. G. (2022). Immunobiology and pathogenesis of hepatitis B virus infection. Nat. Rev. Immunol. 22, 19–32. doi: 10.1038/s41577-021-00549-4

 Jafarzadeh, A., and Shokri, F. (2012). TH1 and TH2 responses are influenced by HLA antigens in healthy neonates vaccinated with recombinant hepatitis B vaccine. Iran J. Allergy Asthma Immunol. 11 308–315.

 Jiang, M., Zhu, B., Yao, Q., Lou, H., and Zhang, X. (2021). Anti-HBs levels in children under the age of two years born to HBV carrier mothers after immunoprophylaxis: a multicenter cross-sectional study. BMC Pediatr. 21, 492. doi: 10.1186/s12887-021-02967-8

 Khanam, A., Chua, J. V., and Kottilil, S. (2021). Immunopathology of chronic hepatitis B infection: role of innate and adaptive immune response in disease progression. Int. J. Mol. Sci. 22. doi: 10.3390/ijms22115497

 Ko, W. S., Yang, Y. P., Shen, F. P., Wu, M-C, Shih, C-J, Lu, M-C, et al. (2020). The study of correlation between serum vitamin D(3) concentrations and HBV DNA levels and immune response in chronic hepatitis patients. Nutrients 12. doi: 10.3390/nu12041114

 Körber, N., Pohl, L., Weinberger, B., Grubeck-Loebenstein, B., Wawer, A., Knolle, P. A., et al. (2021). Hepatitis B vaccine non-responders show higher frequencies of CD24(high)CD38(high) regulatory B cells and lower levels of IL-10 expression compared to responders. Front. Immunol. 12. doi: 10.3389/fimmu.2021.713351

 Kwan, B. S., Shim, S. G., Cho, D. H., Kim, K. M., Choi, I. S., Lee, D. G., et al. (2021). Immune response to hepatitis B vaccination and factors associated with poor immune response among healthcare workers. Niger J. Clin. Pract. 24, 795–801. doi: 10.4103/njcp.njcp_187_19

 Lanini, S., Ustianowski, A., Pisapia, R., Zumla, A., and Ippolito, G. (2019). Viral hepatitis: etiology, epidemiology, transmission, diagnostics, treatment, and prevention. Infect. Dis. Clinics North America 33, 1045–1062. doi: 10.1016/j.idc.2019.08.004

 Le Bert, N., Salimzadeh, L., Gill, U. S., Dutertre, C.-A., Facchetti, F., Tan, A., et al. (2020). Comparative characterization of B cells specific for HBV nucleocapsid and envelope proteins in patients with chronic hepatitis B. J. Hepatol. 72, 34–44. doi: 10.1016/j.jhep.2019.07.015

 Lin, N., Yin, W., Miller, H., Byazrova, M. G., Herrada, A. A., Benlagha, K., et al. (2023). The role of regulatory T cells and follicular T helper cells in HBV infection. Front. Immunol. 14. doi: 10.3389/fimmu.2023.1169601

 Liu, Y., Zhang, C., Huang, F., Yang, Y., Wang, F., Yuan, J., et al. (2020). Elevated plasma levels of selective cytokines in COVID-19 patients reflect viral load and lung injury. Natl. Sci. Rev. 7, 1003–1011. doi: 10.1093/nsr/nwaa037

 Locarnini, S., Hatzakis, A., Chen, D. S., and Lok, A. (2015). Strategies to control hepatitis B: Public policy, epidemiology, vaccine and drugs. J. Hepatol. 62, S76–S86. doi: 10.1016/j.jhep.2015.01.018

 Ma, Z., Zhang, E., Gao, S., Xiong, Y., and Lu, M. (2019). Toward a functional cure for hepatitis B: the rationale and challenges for therapeutic targeting of the B cell immune response. Front. Immunol. 10. doi: 10.3389/fimmu.2019.02308

 Nakayama, T., Hirahara, K., Onodera, A., Endo, Y., Hosokawa, H., Shinoda, K., et al. (2017). Th2 cells in health and disease. Annu. Rev. Immunol. 35, 53–84. doi: 10.1146/annurev-immunol-051116-052350

 Nishida, N., Sugiyama, M., Sawai, H., Nishina, S., Sakai, A., Ohashi, J., et al. (2018). Key HLA-DRB1-DQB1 haplotypes and role of the BTNL2 gene for response to a hepatitis B vaccine. Hepatology 68, 848–858. doi: 10.1002/hep.29876

 Ozden, M., Kalkan, A., Demirdag, K., Denk, A., and Sirri Kilic, S. (2004). Hepatocyte growth factor (HGF) in patients with hepatitis B and meningitis. J. infection 49, 229–235. doi: 10.1016/j.jinf.2003.12.001

 Pattyn, J., Hendrickx, G., Vorsters, A., and Van Damme, P. (2021). Hepatitis B vaccines. J. Infect. Dis. 224, S343–s351. doi: 10.1093/infdis/jiaa668

 Peeridogaheh, H., Meshkat, Z., Habibzadeh, S., Arzanlou, M., Shahi, J. M., Rostami, S., et al. (2018). Current concepts on immunopathogenesis of hepatitis B virus infection. Virus Res. 245, 29–43. doi: 10.1016/j.virusres.2017.12.007

 Revill, P. A., Chisari, F. V., Block, J. M., Dandri, M., Gehring, A. J., Guo, H., et al. (2019). A global scientific strategy to cure hepatitis B. Lancet Gastroenterol. Hepatol. 4, 545–558. doi: 10.1016/S2468-1253(19)30119-0

 Robin, X., Turck, N., Hainard, A., Tiberti, N., Lisacek, F., Sanchez, J.-C., et al. (2011). pROC: an open-source package for R and S+ to analyze and compare ROC curves. BMC Bioinf. 12, 77. doi: 10.1186/1471-2105-12-77

 Sabat, R., Grütz, G., Warszawska, K., Kirsch, S., Witte, E., Wolk, K., et al. (2010). Biology of interleukin-10. Cytokine Growth Factor Rev. 21, 331–344. doi: 10.1016/j.cytogfr.2010.09.002

 Shahmoradi, S., Yahyapour, Y., Mahmoodi, M., Alavian, S. M., Fazeli, Z., Jazayeri, S. M., et al. (2012). High prevalence of occult hepatitis B virus infection in children born to HBsAg-positive mothers despite prophylaxis with hepatitis B vaccination and HBIG. J. Hepatol. 57, 515–521. doi: 10.1016/j.jhep.2012.04.021

 Van Eden, W., van der Zee, R., Van Kooten, P., Berlo, S. E., Cobelens, P. M., Kavelaars, A., et al. (2002). Balancing the immune system: Th1 and Th2. Ann. rheumatic Dis. 61, ii25–ii28. doi: 10.1136/ard.61.suppl_2.ii25

 Vignali, D. A., and Kuchroo, V. K. (2012). IL-12 family cytokines: immunological playmakers. Nat. Immunol. 13, 722–728. doi: 10.1038/ni.2366

 Wang, B., Mufti, G., and Agarwal, K. (2019). Reactivation of hepatitis B virus infection in patients with hematologic disorders. Haematologica 104, 435–443. doi: 10.3324/haematol.2018.210252

 Wang, C., Wang, C., Jia, Z. F., Wu, X., Wen, S.-M., Kong, F., et al. (2016). Protective effect of an improved immunization practice of mother-to-infant transmission of hepatitis B virus and risk factors associated with immunoprophylaxis failure. Medicine 95, e4390. doi: 10.1097/MD.0000000000004390

 Wu, Z., Yao, J., Bao, H., Chen, Y., Lu, S., Li, J., et al. (2018). The effects of booster vaccination of hepatitis B vaccine on children 5-15 years after primary immunization: A 5-year follow-up study. Hum. Vaccin Immunother. 14, 1251–1256. doi: 10.1080/21645515.2018.1426419

 Yi, P., Chen, R., Huang, Y., Zhou, R.-R., and Fan, X.-G. (2016). Management of mother-to-child transmission of hepatitis B virus: Propositions and challenges. J. Clin. Virol. 77, 32–39. doi: 10.1016/j.jcv.2016.02.003

 Yuan, J., Huang, G., Xiao, Z., Lin, L., and Han, T. (2013). Overexpression of β-NGF promotes differentiation of bone marrow mesenchymal stem cells into neurons through regulation of AKT and MAPK pathway. Mol. Cell Biochem. 383, 201–211. doi: 10.1007/s11010-013-1768-6

 Yuen, M. F., Chen, D. S., Dusheiko, G. M., Janssen, H. L. A., Lau, D. T. Y., Locarnini, S. A., et al. (2018). Hepatitis B virus infection. Nature reviews. Dis. Primers 4, 18035. doi: 10.1038/nrdp.2018.35

 Zhang, Y., Zhang, Y., Gu, W., He, L., and Sun, B. (2014). Th1/Th2 cell's function in immune system. Adv. Exp. Med. Biol. 841, 45–65. doi: 10.1007/978-94-017-9487-9_3

 Zhou, S., Li, T., Allain, J. P., Zhou, B., Zhang, Y., Zhong, M., et al. (2017). Low occurrence of HBsAg but high frequency of transient occult HBV infection in vaccinated and HBIG-administered infants born to HBsAg positive mothers. J. Med. Virol. 89, 2130–2137. doi: 10.1002/jmv.24861

 Zhu, J. (2018). T helper cell differentiation, heterogeneity, and plasticity. Cold Spring Harb. Perspect. Biol. 10. doi: 10.1101/cshperspect.a030338

 Zimmermann, P., and Curtis, N. (2019). Factors that influence the immune response to vaccination. Clin. Microbiol. Rev. 32, e00084-18. doi: 10.1128/CMR.00084-18




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2024 Ou, Qing, Zhang, Yang, Ye, Peng, Li, Yang and Liu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fcimb-14-1332666-g001.jpg
225 infants born to HBsAg-positive mothers
(2015.06-2020.12)

125 cases not eligible for enrollment were excluded in present
study including:

61 cases without 12-month-old follow-up information;

60 cases without peripheral blood sample;

2 cases born to HBV/HIV-coinfected mothers;

2 cases of premature babies

100 enrolled cases were eligible for this study

non/low-response group moderate strong response
(n=13) (n=87)






OEBPS/Images/fcimb-14-1332666-g003.jpg
Expression

Expression

IFN-y IL-5 1L-6
5007
. 360 4 .
© at birth 042 —— _18e6 —on
4504 © 12-month-old . @ 12-month-old . 1200 °
400-| 3209 [ o
o 1000
350 250 9
[} i | =
o £ 033 l £ s
g 8 g
250 & 2404 ® & 600
= ° ° &
200-]
° o [ ]
° 200{ © 8 400-]
150-| e
1004 078 ; { ] 2004 e
8 160 - H
¢ » p
304 e 0 °
T T T T T T
non/low-response moderate strong response non/low-response moderate strong response non/low-response  moderate strong response
M-CSF MIG TRAIL
0.05 1.1e-05 0.26
i 3000 —
800 ° b 400 L]
o 2500-] ° 3504
600+
£ 2000-] £ 300
500 2 ° 2
8 8
8 o
400+ S50 @ — 060 ° & 2504
038 ° & ® & 8
—
004 @ 200
° 1000 o ° 8 s
2007 . o . 150
100 ° 500-|
' '] 1004
o 4

-
non/low-response

T
moderate strong response

T T
non/low-response  moderate strong response

T T

non/low-response  moderate strong response






OEBPS/Images/fcimb.2024.1332666_cover.jpg
& frontiers | Frontiers in Cellular and Infection Microbiclogy

Cytokine IL-5 and HGF: combined
prediction of non-/low immune response to
hepatitis B vaccination at birth in infants
born to HBsAg-positive mothers





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Cytokine IL-5 and HGF: combined prediction of non-/low immune response to hepatitis B vaccination at birth in infants born to HBsAg-positive mothers

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Study participants and clinical data collection

          



          		

            Evaluation of immunization efficacy against hepatitis B in infants

          



          		

            Measure of plasma cytokines

          



          		

            Least absolute shrinkage and selection operator regression analysis

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Clinical characteristics

          



          		

            Differential expression analysis of cytokine profile in infants in different immunization response groups

          



          		

            Independent predicative value of cytokines for the immunization response to hepatitis B vaccine in infants

          



          		

            IL-5 and HGF are key cytokine predictors for predicting the immunization response in infants

          



        



        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fcimb-14-1332666-g002.jpg
@ non/low-response

© moderate strong response

3000

2000

1000

B-NGF GRO-a¢ HGF IFN-y IL-10 IL-12p40 IL-16 IL-1Ra IL-5 IL-6 M-CSF MIG  SCF TRAIL

12-month-old

@ non/low-response
600

@ moderate strong response
500
400
300

200

=

£
s
g
2

z

IFN-y IL-18 IL-2Ra IL-5 IL-6 LIF M-CSF MIG TNF-a TRAIL





OEBPS/Images/logo.jpg
’ frontiers ’ Frontiers in Cellular and Infection Microbiology





OEBPS/Images/fcimb-14-1332666-g004.jpg
GRO-a

HGF

I~
=

02 AUC(95%CI)
: ~0.734(0.59-0.88)

0.0 02 0.4 0.6 038
1-Specificities

1.0

_ AUC(95%CT)
0.760(0.63-0.89)

“00 02 04 0.6 038
1-Specificities

1.0

1.0

1.0

1.0
0.8
,§ 3 @
E g2 b=
i 007 = 2
= P Ig b=
5 / & 2
% 4 A &
0.4 .
/
- _ AUC(95%CI) 021 o _ AUC(95%CT) _ AUC(95%CT)
0.708(0.55-0.86) 7l 0.752(0.64-0.86) 0.676(0.54-0.81)
7’ A g
P4
0.0. 004l - " T T
0.0 02 04 0.6 08 1.0 0.0 02 04 0.6 0.8 1.0 0.0 02 0.4 0.6 038
1-Specificities 1-Specificities 1-Specificities
i IL-1ra IL-5 IL-6
0.8
1%2] 172 17}
2 2 2
E E E
S 0.64 = B
E = =
122 1%] 17}
8 g g
1%} %) %)
0.4
024 7 _ AUC(95%CI) _ AUC(©95%CI) AUC(95%CT)
i 7 0.681(0.53-0.83) 0.797(0.69-0.91) T 0.691(0.54-0.84)
0.0
0.0 02 0.4 0.6 038 1.0 0.0 02 04 0.6 08 1.0 0.0 02 0.4 0.6 038
1-Specificities 1-Specificities 1-Specificities
Lo IL-10 o 1L.-12(p40) IL-16
08
8 3 3
£= = k=
506 = 2
= k=1 =
17} [ 7] 17}
g 5] g
%) o) %}
04
AUC(95%CI) AUC(95%CT) N AUC(95%CT)
02 —0.730(0.61-0.85) —0.721(0.61-0.84) 02 —0.707(0.56-0.85)
0.0 0.0 - - - :
0.0 02 0.4 0.6 038 1.0 0.0 02 04 0.6 038 1.0 0.0 02 0.4 0.6 038
1-Specificities 1-Specificities 1-Specificities
i M-CSF MIG SCF
08
8 3 3
2 E E
2 06 2 i
2 k= =
17} 12} 17}
L L L
0.4
o _ AUC(95%CI) AUC(95%CT) AUC(95%CI)
- 0.679(0.51-0.85) —0.748(0.61-0.89) " 0.687(0.52-0.85)
0.0
0.0 02 04 06 08 1.0 0.0 02 04 0.6 08 1.0 0.0 02 04 0.6 08
1-Specificities 1-Specificities 1-Specificities
16 TRAIL i6 B-NGF
038
17] 1]
9 £
3] S
2 06 E
=] =]
7 7
] =
Q Q
%] o)

1.0





OEBPS/Images/fcimb-14-1332666-g005.jpg
Coefficients

14 13 13 9 7 4 0 141414141313 1413121010998 778875411
w
g
g y
& c
s £
:
a2
b
-8 -7 -6 -5 -4 -3 -2
Log(}) Log(})
Group AUC 95%CI P value Standard error(SE)
Individual '
IL-5 0.797 Frommene e 4 : 0.690-0.910 0.0005 0.0548
HGF 0.752 + 0.640-0.860 0.0013 0.0562
IL-12p40 0.721 : 0.610-0.840 0.0099 0.0581
B-NGF 0.760 1 0.630-0.890 0.0017 0.0637
Combination 1 I
IL-5+HGF 0.844 : 0.758-0.909 0.0002 0.0425
IL-5+1L-12p40 0836 t 0.748-0.902 0.0003 0.052
IL-5+B-NGF 0810 : 0.719-0.881 0.0016 0.0497
HGF+IL-12p40 0.755 : 0.659-0.836 0.0057 0.0555
HGF+B-NGF 0.800 v 0.708-0.873 0.0007 0.0589
Combination 2 i
IL-5+HGF+IL-12p40  0.844 | e ] ' 0.757-0.908 0.0006 0.0449
IL-5+HGF+B-NGF 0.841 : 0.754-0.906 0.0006 0.0430
IL-5+IL-12p40+B-NGF 0.832 : 0.744-0.899 0.0008 0.0522
HGF+IL-12p40+B-NGF 0.803 i 0.711-0.876 0.0021 0.0585
Combination 3 |
IL-5+HGF+IL-12p40+B-NGF 0.843 Foee--- ®---- ' 0.756-0.908 0.0014 0.0451

0.60 0.65 0.70 0.75 0.80 0.85 090 095 1.00
AUC (95%CI)





