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Background

Vaccination is the best way to protect children under 5 years from death or disability. Children with biliary atresia (BA), which is the most common pediatric cholestatic end-stage liver disease (PELD), are more vulnerable to infectious diseases. However, the vaccination coverage and factors modulating vaccine responses in children with BA are largely unknown.



Methods

In this study, 288 children (median age: 7 months) diagnosed with BA before liver transplantation were enrolled for the evaluation of vaccination status and the factors affecting the immune response to the hepatitis B (HBV) vaccine. Moreover, 49 BA children (median age: 4 months) were enrolled for flow cytometric analysis of CD4+ T cells and CD19+ B cell subsets and correlations with serum bile acid levels.



Results

Generally, these children had very low routine vaccination rates for the meningococcal serogroup AC (Men AC) (41.2%), measles-mumps-rubella (MMR) (31.3%), poliomyelitis (Polio) (25.3%), hepatitis A (HAV) (25.0%), Japanese encephalitis (JE) (15.0%), diphtheria-tetanus-pertussis (DTP) (14.2%), meningococcal serogroup A (Men A) (13.5%) and varicella (VAR) (10.8%) vaccines, but not for the HBV (96.2%) and bacillus Calmette-Guérin (BCG) (84.7%) vaccines. Remarkably, 19.8% (57/288) of the patients had HBV infection. Out of 220 patients vaccinated for HBV, 113 (51.4%), 85 (38.6%) and 22 (10%) had one, two or three doses of the HBV vaccine, respectively. Furthermore, logistic regression analysis revealed that the bile acid level was an independent factor associated with poor HBV vaccine response (p = 0.03; OR = 0.394; 95% CI = 0.170-0.969). Immunophenotyping showed that bile acids were only negatively correlated with the CD19+CD27+IgG+ post-class-switched memory B cell ratio (p = 0.01).



Conclusion

This study reveals the overall vaccination rates of routine vaccines in Chinese BA children are very low and the poor HBV vaccine responses are associated with bile acids, possibly via the inhibition of CD19+CD27+IgG+ post-class-switched memory B cell response.



Clinical Trial Registration

http://www.chictr.org.cn, identifier ChiCTR1800019165.
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Introduction

Immunization is the most effective and economic way to prevent infection and disability and saves millions of children from death yearly (1, 2). It provides infants and young children protection against life-threatening infectious diseases such as influenza, polio, measles, meningitis and some cancers that may occur in adulthood (3–8). Chronic infection with hepatitis B virus (HBV) has a very high chance of developing into hepatocellular carcinoma and/or chronic liver failure (9), and timely and full-dose coverage of the HBV vaccine is the best way to prevent the development of hepatocellular carcinoma and liver failure (10). In China, the HBV vaccine is administered on a 3-dose schedule at 0, 1, and 6 months of age (11). The coverage of the three doses of this vaccine increased from 30% in 1992 to 99% in 2015 (12), and the incidence of HBV infection in children (≤5 years old) decreased from 10% in the 1990s to 0.3% in 2014 (13). Consequently, vaccination is the best protection against HBV infection in young children in China (≤5 years old) (14).

Pediatric cholestatic liver disease (PELD), characterized by progressive reduction or blockage of bile flow from the liver, often occurs in early life when liver function is immature and more vulnerable to endogenous or exogenous adverse consequences (15–18). Biliary atresia (BA) is the most common PELD characterized by progressive cholestasis (15) and is the leading cause of death in infants and young children, with an incidence of 1/5,000-1/20,000 worldwide (16, 19). The Kasai surgery and liver transplantation are currently applied to improve the survival rate and quality of life in infants with BA (16, 20, 21). One of the biggest challenges for BA patients is the high risk of HBV infection, given that 7-10% of the Chinese population is chronically infected with HBV (22), leading to a 1/4 risk of death from liver cancer or liver failure (23). Although timing and full-dose vaccination are critical before transplantation, the overall vaccination coverage of BA patients is generally poor for the following reasons: 1) delayed vaccination because of hospitalization; 2) parents and/or doctors who worry that vaccination might interfere with or worsen liver injury; and 3) BA patients who are too young (≤ 6 months) to receive 3 full doses of the vaccine (24, 25). Unfortunately, even with the same doses of the HBV vaccine, the antibody titers of BA children are significantly lower than those of age-matched healthy children (26), and the mechanism that impairs HBV vaccine responses in BA children is unclear.

Although vaccine-induced immune responses are highly variable among individuals, different populations and different regions of the world, several factors are recognized to modulate individual vaccination responses, including intrinsic factors (age, sex and genetics), extrinsic factors (infections and drugs), perinatal factors (gestational age and birth weight), environmental factors (geographic location and season), behavioral factors (anxiety and sleep) and nutritional factors (body mass index and enteropathy) (27–29). Bile acids, the major component of bile, are aberrantly elevated in children with BA (30). Several studies have identified a critical role of bile acids in regulating immune responses. For example, bile acids inhibit the proinflammatory function of macrophages, dendritic cells and natural killer T cells from innate immunity (31–33). In addition, bile acids suppress the differentiation of Th1 and Th17 cells but promote the differentiation of regulatory T cells (Tregs) (34, 35). However, the roles of bile acids in vaccine responses are largely unexplored.

In this study, we aimed to investigate 1) the overall coverage of routine vaccines in young Chinese BA patients and 2) whether bile acids have a role in the HBV vaccine response in young BA patients.



Material and Methods


Patient Recruitment

A total of 326 patients with BA prior to liver transplantation were recruited from January 2018 to December 2018 at the Department of Liver Surgery of Renji Hospital, Shanghai Jiao Tong University School of Medicine (Shanghai, China). The exclusion criteria were as follows: foreign patients (n = 15) and those with missing vaccination records (n = 23). A total of 288 patients with detailed vaccination records were assessed. Eleven patients never received the HBV vaccine before liver transplantation, and 57 patients had at least one of the following markers positive before cohort entry: HBsAg/HBeAg/HBeAb/HBcAb (Figure 1). A total of 220 patients received at least one dose of the HBV vaccine. Their demographic data, clinical history, physical examination, and laboratory test results (i.e., HBsAb titers and bile acids levels) were all extracted from their medical records during the first visit.




Figure 1 | Flow chart: enrollment of patients with biliary atresia. HBV, hepatitis B virus; HBsAg, hepatitis B surface antigen; HBeAg, hepatitis B e-Antigen; HBeAb, hepatitis B e-antibody; HBcAb, hepatitis B core antibody.



For the flow cytometric analysis of CD4+ and B cell subsets in peripheral blood mononuclear cells (PBMCs), blood samples were collected from 49 BA children aged 4-21 months who met the inclusion criteria: (1) daily dose of glucocorticoid for children ≥ 10 kg not exceeding 20 mg/d; (2) daily dose of glucocorticoid for children weighing less than 10 kg not exceeding 2 mg/kg/d; and (3) the child had taken glucocorticoids exceeding the above dose for no more than two weeks.



Serological Testing

HBV marker tests (HBsAg, HBsAb, HBeAg, HBeAb and HBcAb) in the serum of patients with BA before transplant were performed by ELISA (Genesis RMP150; Tecan Group, Zurich, Switzerland) following the manufacturer’s protocol. Children were classified as nonresponders or responders based on HBsAb levels: nonresponders (HBsAb levels < 10 mIU/mL), low/medium responders (HBsAb levels 10–200 mIU/mL), and high responders (HBsAb levels ≥ 200 mIU/mL).



PBMC Isolation

Blood samples of 49 children with BA were collected in BD Vacutainer® Blood Collection Tubes (BD). PBMCs were isolated by density gradient centrifugation with Ficoll-Paque (GE Healthcare) following the manufacturer’s protocol. In brief, blood samples were diluted with 0.9% NaCl (1:1) and gently loaded to the Ficoll layer, followed by density gradient centrifugation (500 g for 20 min at 20°C, acc/dec: 3/2). The mononuclear cell layer (intermediate white layer) was isolated, collected in a new tube, and rinsed with 0.9% NaCl. The cells were stored in liquid nitrogen or used for further assays.



Flow Cytometry

Isolated PBMCs were incubated with the following fluorochrome-conjugated monoclonal antibodies: CD3 (HIT3a), CD4 (OKT4), CD19 (SJ25C1), CD20 (2H7), CD25 (BC96), CD27 (M-T271), CD38 (HIT2), CD45RA (HI100), CD127 (A019D5), CCR6 (G034E3), CXCR3 (G025H7), IgG (G18-145), IgM (CD38), and IgD (IA6-2). Dead cells were stained with Zombie Aqua (Biolegend). After staining at room temperature for 30 min, the cells were resuspended and examined with a FACS analyzer (Fortessa X-20, BD) and analyzed with FlowJo software (BD).

The flow cytometric gating strategy was slightly modified with respect to our previously reported protocol (36). CD4+ T cells (CD3+CD4+), CD19+ B cells (CD3-CD19+), Th1 cells (CD3+CD4+CXCR3+CCR6-), Th2 cells (CD3+CD4+CXCR3-CCR6-), Th17 cells (CD3+CD4+CXCR3-CCR6+), Treg cells (CD3+CD4+CD25+CD127-), CD19+CD27+IgG+ post-class-switched memory B cells, naive B cells (CD3-CD19+IgD+CD27-), class-switched memory B cells (CD3-CD19+IgD-CD27+), non-class-switched memory B cells (CD3-CD19+IgD+CD27+), double-negative memory B cells (CD3-CD19+IgD-CD27-) and plasma B cells (CD3-CD19+IgD-CD27+IgM-CD20-CD38+).



Data Analysis

All data were analyzed using SPSS (version 22) or GraphPad Prism (version 8). Continuous variables are displayed as medians (IQRs) and analyzed using two-sample t tests or Wilcoxon rank-sum tests; categorical variables are determined as percentages and analyzed using Fisher’s exact test. Multiple logistic regression models were used to calculate ORs and corresponding 95% CIs to analyze the associations between patients with TBA ≥ 200 μmol/L and TBA < 200 μmol/L, adjusting for dose of vaccination, weight, height, Kasai surgery, TBIL and CHOL. All statistical tests were 2-tailed, and a p-value < 0.05 was considered statistically significant.



Study Approval

The study was approved by the Ethical Committee of Renji Hospital, School of Medicine, Shanghai Jiao Tong University [(2017)209]. All patients were provided with written informed consent.




Results


Low Vaccination Coverage for Routine Vaccines and High Incidence of HBV Infection in Children With BA

A total of 326 patients with BA prior to liver transplantation were recruited from January 2018 to December 2018 at the Department of Liver Surgery of Renji Hospital, Shanghai Jiao Tong University School of Medicine (Shanghai, China). Fifteen foreign patients and 23 patients without vaccination records were excluded. A total of 288 patients with detailed vaccination records were assessed. The median age was 7 months (range: 4 months - 159 months). From birth to liver transplantation, 277 (96.2%) patients received at least one dose of the HBV vaccine. The vaccination rates for other vaccines included in the China National Immunization Program were also analyzed. The vaccination rates for the HBV (96.2%, 277/288) and bacillus Calmette-Guérin (BCG) (84.7%, 244/288) were much higher than the rates of meningococcal serogroup A/C (Men AC) (41.2%, 7/17), measles/mumps/rubella (MMR) vaccine (31.3%, 15/48), poliomyelitis (polio) (25.3%, 73/288), hepatitis A (HAV) (25.0%, 12/48), Japanese encephalitis (JE) (15.0%, 18/120), diphtheria/tetanus/pertussis (DTP) (14.2%, 41/288), meningococcal serogroup A (Men A) (13.5%, 29/215), and varicella (VAR) vaccines (10.8%; 7/65) (Table 1). These results show that vaccination coverage in young patients with BA prior to liver transplantation are very low compare to the overall vaccination coverage of over 95% in China (37).


Table 1 | The overview of the vaccinations of the enrolled BA patients.



Given that one of the greatest risks for young children with BA is HBV infection, we focused on the analysis of HBV vaccination coverage in the BA pediatric population. Among 288 patients with vaccination records, 11 (3.8%) did not receive the timely birth-dose vaccination, and 57 (19.8%) patients tested positive for at least one of the following markers: hepatitis B surface antigen (HBsAg)/hepatitis B e antigen (HBeAg)/hepatitis B e antibody (HBeAb)/hepatitis B core antibody (HBcAb), revealing a very high HBV infection rate (19.8%). Even more importantly, the level of HBV was twofold higher than the one previously reported from the biopsy of tissues in infants with biliary atresia (HBV infection rate was 9%) (38).



Low Completion Rate of the HBV Vaccine and Defective Antibody Response

The median age of the 220 patients who received at least one dose of the vaccine was 7 months (range: 4 months - 131 months); 84 (38.2%) were male, and 136 (61.8%) were female. A total of 113 (51.4%) patients received one dose of the HBV vaccine, 85 (38.6%) received two doses, and only 22 (10%) completed three doses of the HBV vaccine according to the China’s National Immunization Program (Table 2), demonstrating that the full coverage of the HBV vaccine in young patients with BA is extremely low. Seventy-five (34.1%) patients were nonresponders (HBsAb titer lower than 10 mIU/mL), 94 (42.7%) patients were low/medium responders (HBsAb titer between 10 and 200 mIU/mL), and 51 (23.2%) patients were high responders (HBsAb higher than 200 mIU/mL). The proportion of high responders was significantly increased in patients received two or three doses of the vaccine (Table 3). Taken together, these results demonstrate the low rate of full-dose HBV vaccine coverage and a low ratio of high responders in young children with BA.


Table 2 | Factors affecting immune response to HBV vaccine.




Table 3 | Definition of non, low/medium and high responders based on HBsAb titers and coverage.





Serum Bile Acids Are Decreased in Responders With High HBsAb Titers

Various factors modulate the immune response to vaccination (27). To investigate the potential factors that may impact the antibody responses to the HBV vaccine, the patients were divided into two groups based on HBsAb titers: non/low/medium responders (HBsAb < 200 mIU/mL, n = 51) and high responders (≥ 200 mIU/mL, n = 169) (Figure 2A). Fisher’s exact test assay was applied to compare parameters, including body weight, height, and clinical parameters. There were no differences between the two groups according to demographic parameters, such as age, sex, weight, height and BMI. Next, laboratory biochemical parameters were compared. Levels of albumin (ALB), alanine aminotransferase (ALT), aspartate transaminase (AST), gamma-glutamyl transferase (GGT), alkaline phosphatase (ALP), total bilirubin (TBIL), cholesterol (CHOL) and white blood cell, neutrophil, lymphocyte and monocyte counts were similar between the non/low/medium and high responders (Table 2). Surprisingly, total bile acid (TBA) levels were dramatically reduced in the high responders compared to the non/low/medium responders, with a nearly 25% reduction (median: 144.4 µmol/L vs 188.8 µmol/L) (p < 0.01) (Figure 2B). The history of the Kasai surgery, vaccination dosage and time since vaccination were also compared between the two groups. We found that vaccination dosage and time since vaccination were significantly different between the non/low/medium and high responders (Table 2). Altogether, these assays reveal that serum bile acids are decreased in responders with high HBsAb titers.




Figure 2 | High bile acid levels are associated with poor HBV vaccine responses in patients with biliary atresia. (A) Children with biliary atresia (n = 220) were classified as non, low, medium (no/low/medium, Low) responders and high responders based on HBsAb titers after vaccination with the HBV vaccine. (B) Comparison of serum bile acid levels between non/low/medium responders (n = 169) and high responders (n = 51). The dotted line indicates subjects with low bile acid levels (0-200 mmol/L) and high bile acid levels (≥ 200 mmol/L). (C) Comparison of responder rates between the low bile acid (n = 127) and high bile acid (n = 57) groups.



To further analyze the association of serum bile acid levels with HBsAb titers in non/low/medium and high responders, the patients were subdivided into low (TBA < 200 µmol/L) and high total serum bile acids (TBA ≥ 200 µmol/L). There were 127 (57.7%) patients with serum TBA < 200 µmol/L, with a median value of 139.3 μmol/L. Ninety-three patients had TBA ≥ 200 µmol/L (median value: 279.3 μmol/L), which was 2-fold higher than the patients with low serum TBA. There were no significant differences between the high and low serum TBA levels according to demographic parameters, such as age, sex, weight, height and BMI. In addition, the laboratory biochemical parameters ALB, ALT, AST, GGT, ALP, TBIL, white blood cells, neutrophils, lymphocytes and monocytes in patients with low and high serum TBA were similar. Remarkably, only CHOL levels in the low TBA patients (median: 4.3 mmol/L) were significantly lower than those in the high TBA patients (median: 5.9 mmol/L) (p < 0.01) (Table 4).


Table 4 | Characteristics of patients grouped by TBA.



Among the 127 patients with low serum TBA, 88 were non/low/medium responders with HBsAb titers < 200 mIU/mL (median: 12.7 mIU/mL). Only 39 patients were high responders (median: 830.2 mIU/mL). Among the 93 patients with high serum TBA, 81 were non/low/medium responders with HBsAb titers < 200 mIU/mL (median: 16.67 mIU/mL), and only 12 patients were high responders (median: 333.2 mIU/mL). The ratio of high responders/non/low/medium responders (39/88) in low serum TBA patients was 3.0-fold higher than the ratio of high responders/non/low/medium responders (12/81) in high TBA patients (Figure 2C). Logistic regression analysis after adjustment for covariates (weight, height, vaccine dose, Kasai surgery, TBIL and CHOL) (Table 4) showed that only high serum TBA levels were associated with non/low/medium responders to the HBV vaccine (OR = 0.394; 95% CI = 0.170-0.969, p = 0.03) (Table 5). In summary, the patients with high serum bile acid levels were associated with poor HBV vaccine responses.


Table 5 | Multivariate logistic regression analysis of factors affecting the immune response to the HBV vaccine between the high and low TBA groups.





Serum Bile Acid Levels Are Negatively Correlated With Post-Class-Switched Memory B Cells but Not CD4+ T Cells in BA Patients

Bile acids play vital roles in regulating immune responses, such as natural killer cells, macrophages, dendritic cells, B cells and CD4+ T cells (31, 34, 35, 39). CD4+ T cells contribute to the antibody response during vaccination, and bile acids selectively promote regulatory T cells and inhibit Th17 cells and IL-22-producing cells (34, 40). To analyze CD4+ T cell profiling in young children with BA, 49 young patients with BA were recruited. Circulating CD4+ T cell subsets in human peripheral blood mononuclear cells (PBMCs) were analyzed by FACS. Contrary to previous findings that bile acids selectively modulate Treg and Th17 cell responses (34), there were no correlations between CD4+ T cell ratios (r2 = 0.00, p = 0.93), Treg (r2 = 0.01, p = 0.51), Th1 (r2 = 0.01, p = 0.32), Th2 (r2 = 0.01, p = 0.60), Th17 cells (r2 = 0.03, p = 0.24) and serum total bile acid levels in young children with BA (Figure 3).




Figure 3 | Correlation between bile acids and T cells in BA children. (A) Representative FACS dots of CD4+ T (CD3+CD4+), Treg cells (CD3+CD4+CD25+CD127-), Th1 cells (CD3+CD4+CXCR3+CCR6-), Th2 cells (CD3+CD4+CXCR3-CCR6-), and Th17 cells (CD3+CD4+CXCR3-CCR6+) in the PBMCs of patients with BA. (B–F) Correlation between bile acids and CD4+ T cells, Treg cells, Th1 cells, Th2 cells and Th17 cells in the PBMCs of patients with BA.



B cells are antibody-producing cells and play crucial roles in vaccine efficacy (41, 42). There was no correlation between total CD3-CD19+ B cells and total BA (r2 = 0.00, p = 0.75). TBA levels did not correlate with naive B cells (r2 = 0.00, p = 0.75), class-switched memory B cells (r2 = 0.02, p = 0.37), non-class-switched memory B cells (r2 = 0.01, p = 0.61), double-negative memory B cells (r2 = 0.01, p = 0.66) or plasma cells (r2 = 0.00, p = 0.91) (Figures 4A–G). Notably, TBA levels were negatively correlated with CD19+CD27+IgG+ post-class-switched memory B cells (r2 = 0.13, p = 0.01) (Figure 4H) and the median percentage of CD19+CD27+IgG+ cells in Low TBA group was 0.77%, which was much higher than 0.42% in High TBA group (Figure 4I), indicating that bile acids selectively regulate B cell subsets, specifically inhibiting post-class-switched memory B cells. These evidences show that serum BA levels are negatively correlated with CD19+CD27+IgG+ post-class-switched memory B cells.




Figure 4 | Correlation between bile acid levels and B cells in BA children. (A) Representative FACS dots of B cells (CD3-CD19+), naive B cells (CD3-CD19+IgD+CD27-), class-switched memory B cells (CD3-CD19+IgD-CD27+), non-class-switched memory B cells (CD3-CD19+IgD+CD27+), double-negative memory B cells (CD3-CD19+IgD-CD27-), post-class-switched memory B cells (CD19+CD27+IgG+) and plasma cells (CD3-CD19+IgD-CD27+IgM-CD20-CD38+) in the PBMCs of patients with BA. (B–H) Correlation between bile acid levels and B cells (B), naive B cells (C), class-switched memory B cells (D), non-class-switched memory B cells (E), double-negative memory B cells (F), plasma cells (G) and post-class-switched memory B cells (H) in the PBMCs of patients with BA. (I) Proportion of CD19+CD27+IgG+ post-class-switched memory B cells between high TBA and low TBA groups * means p < 0.05.






Discussion

Children under 5 years old are at high risk of developing life-threatening infectious diseases. The timely and full coverage of vaccines saves millions of lives each year (1). BA, a cholestatic end-stage liver disease, is the leading cause of death among liver diseases in early life. However, in even more vulnerable infants/young children with BA, information on the overall coverage of HBV and other vaccines is poor and elusive. Our study first reported vaccination coverage for 10 types of vaccines in 288 patients with BA in China. Our results showed very low coverage (10.8% - 41.2%) for the polio, DTP, MMR, JE, Men A, Men AC, VAR and HAV vaccines. The incidence of HBV infection was 19.7%, which was much higher than that previously reported (22). In addition, among the 220 patients with the HBV vaccine, 113 (51.4%) received one dose of the HBV vaccine, 85 (38.6%) received 2 doses, and only 22 (10%) completed three doses of the HBV vaccine. Our study might be the first to report the low completion rate of the HBV vaccine in Chinese children with BA. Moreover, we found that high serum bile acids were associated with defective HBV vaccine responses and that bile acids were negatively correlated with CD19+CD27+IgG+ post-class-switched memory B cells.

The Department of Liver Surgery and Liver Transplantation of Renji Hospital is the largest single center for pediatric liver transplantation in China, with over 400 patients per year, and 70% of them are under 3 years old. From January 2018 to December 2018, 288 BA patients waiting for liver transplantation were enrolled in this study. Among them, 57 (19.7%) patients tested positive for the HBV infection, which is much higher than previously reported (22). These data probably represent the very first report on HBV infection in young Chinese patients with BA before liver transplantation.

Full-dose coverage of the HBV vaccine has successfully reduced the incidence of HBV infection in children under 5 years old in China (13). Even with the same doses of HBV vaccine, BA patients have much lower HBsAb titers than age- and sex-matched healthy children (26). Among 220 patients with HBV vaccine (≥ 1 dose), 75 (34.1%) were nonresponders with HBsAb (< 10 mIU/mL), 94 (42.7%) were low/medium responders with HBsAb (10-200 mIU/mL) and 51 (23.2%) patients were high responders with HBsAb (≥ 200 mIU/mL). These findings are consistent with previous reports on BA children with a higher percentage of non-responders (26, 43), indicating that intrinsic factors may impact antibody production in children with BA. Various factors, such as nutrition, drug usage, and environmental and genetic factors contribute to the variability of individual responses to vaccines (27, 28). To screen potential factors that regulate the HBV vaccine response, patients were divided into high responders and non/low/medium responders based on HBsAb titers. In addition to the dose of vaccine and time since vaccination are known to affect vaccine response (27), the serum bile acid levels were significantly lower in high responders than in non/low/medium-responders (median bile acid levels: 144.4 vs 188.8 µmol/L, p < 0.01). Likewise, the division of patients in the low serum bile acids group (n = 127) and high serum bile acids group (n = 93) resulted in 39 high responders out of 127 patients with low serum bile acids, whereas only 12 high responders out of 93 patients had high serum bile acids, finally showing a 2.4-fold reduction (39/127: 12/93). The logistic regression analysis after adjustment for covariates showed that high serum TBA was associated with non/low/medium responders to the HBV vaccine (OR = 0.394; 95% CI = 0.170-0.969, p = 0.03). These evidences indicate that high serum bile acids are associated with poor HBV vaccine response in children with BA.

CD4+ T cells and B cells are critical for antigen-specific antibody production in vaccination (42, 44). We compared the serum bile acid levels with CD4+ T cell subsets and B cells in newly recruited BA patients. There were no correlations of serum bile acid levels with the ratios of total CD4+ T cells, Treg cells, Th1, Th2 or Th17 cells. Contrary to previous findings that bile acids promote Treg cells and inhibit Th17 cells in adult patients (34), these results may be due to the immaturity of the immune systems in young children investigated in our study (median: 5 months). Moreover, there was no correlation of serum bile acids with total CD19+ B cells, naïve B cells, class-switched memory B cells, double-negative memory B cells, or non-class-switched memory B cells, but a significant correlation was found with CD19+CD27+IgG+ post-class-switched memory B cells (r2 = 0.13, p = 0.01). According to our knowledge, there is only one report stating that PBMCs with 5-day stimulation with Staphylococcus aureus Cowan I (SAC-I) and the addition of hydrophobic bile acids (chenodeoxycholic acid, CDCA; ursodeoxycholic acid, UDCA) may strongly depress IgM production but not IgA or IgG in vitro culture (45).

Metabolites of bile acids regulate the balance of Treg cells and Th17 cells in intestinal inflammation (34) and reduce both humoral and cellular immunity in patients with primary biliary cholangitis (PBC) (46–48), however, the modulatory roles of bile acids in vaccination responses either in adults or children have not been reported so far. Our ongoing projects is trying to delineate the potential mechanism of bile acids in reducing humoral immunity in children with BA. This study indicates that bile acids are significantly correlated with CD19+CD27+IgG+ post-class-switched memory B cells in children with BA. However, the molecular mechanism of bile acids on B cell responses during HBV vaccination needs further investigation.

The current lack of understanding or knowledge concerning the importance of vaccination dosage and timing by doctors and/or parents is at the basis of the remarkably low (10%, 22/220) completion rate of the HBV vaccine in BA patients in China. More importantly, this might account for the high incidence of HBV infection (19.8%, 57/288). Therefore, we highly recommend that doctors and parents of BA patients gradually realize the importance of completing the full-dose of the HBV vaccine.

In conclusion, our findings shed light on the low coverage of routine vaccines and the high incidence of HBV infection in China. Moreover, our study adds new scientific evidence by demonstrating that high serum bile acid levels are associated with poor HBV vaccine responses in BA patients, potentially via the modulatory roles of TBA on CD19+CD27+IgG+ post-class-switched memory B cells.



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 authors.



Ethics Statement

The studies involving human participants were reviewed and approved by Ethical Committee of Renji Hospital, School of Medicine, Shanghai Jiao Tong University. Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin.



Author Contributions

Study conception and design: FX and QX. Vaccination data collection: YF, TY, PD, CZ. Clinical data collection: HJ, TZ, JW, XG, JZ, MF, PW, BQ, YL, YFL, DG. Experiments performing and manuscript writing: JL, JD and FX. All authors contributed to the article and approved the submitted version.



Funding

This project was supported by the National Natural Science Foundation of China (81670602 to FX, 82071816 to JD), Shanghai Municipal Hospital Three-year-project for Clinical Skills’ Promotion and Innovation (16CR1003A), and Renji Hospital Clinical Research Innovation Incubation Fund Plan (PYI-17-002), School of Medicine, Shanghai Jiao Tong University.



Acknowledgments

We greatly acknowledge Kaili Liang for technical assistance.



References

1. Eguchi, R, Karim, MB, Hu, P, Sato, T, Ono, N, Kanaya, S, et al. An integrative network-based approach to identify novel disease genes and pathways: a case study in the context of inflammatory bowel disease. BMC Bioinf (2018) 19(1):264. doi: 10.1186/s12859-018-2251-x

2. Piot, P, Larson, HJ, O’Brien, KL, N’Kengasong, J, Ng, E, Sow, S, et al. Immunization: vital progress, unfinished agenda. Nature (2019) 575(7781):119–29. doi: 10.1038/s41586-019-1656-7

3. Osterholm, MT, Kelley, NS, Sommer, A, and Belongia, EA. Efficacy and effectiveness of influenza vaccines: a systematic review and meta-analysis. Lancet Infect Dis (2012) 12(1):36–44. doi: 10.1016/s1473-3099(11)70295-x

4. Greene, SA, Ahmed, J, Datta, SD, Burns, CC, Quddus, A, Vertefeuille, JF, et al. Progress Toward Polio Eradication - Worldwide, January 2017-March 2019. MMWR Morb Mortal Wkly Rep (2019) 68(20):458–62. doi: 10.15585/mmwr.mm6820a3

5. Rota, PA, Moss, WJ, Takeda, M, de Swart, RL, Thompson, KM, and Goodson, JL. Measles. Nat Rev Dis Primers (2016) 2:16049. doi: 10.1038/nrdp.2016.49

6. Brouwer, MC, Tunkel, AR, and van de Beek, D. Epidemiology, diagnosis, and antimicrobial treatment of acute bacterial meningitis. Clin Microbiol Rev (2010) 23(3):467–92. doi: 10.1128/cmr.00070-09

7. Peck, M, Gacic-Dobo, M, Diallo, MS, Nedelec, Y, Sodha, SV, and Wallace, AS. Global Routine Vaccination Coverage, 2018. MMWR Morb Mortal Wkly Rep (2019) 68(42):937–42. doi: 10.15585/mmwr.mm6842a1. Journal Editors form for disclosure of potential conflicts of interest. No potential conflicts of interest were disclosed.

8. Roden, RBS, and Stern, PL. Opportunities and challenges for human papillomavirus vaccination in cancer. Nat Rev Cancer (2018) 18(4):240–54. doi: 10.1038/nrc.2018.13

9. You, CR, Lee, SW, Jang, JW, and Yoon, SK. Update on hepatitis B virus infection. World J Gastroenterol (2014) 20(37):13293–305. doi: 10.3748/wjg.v20.i37.13293

10. Pol, S. Hepatitis: HBV vaccine–the first vaccine to prevent cancer. Nat Rev Gastroenterol Hepatol (2015) 12(4):190–1. doi: 10.1038/nrgastro.2015.28

11. Cui, FQ, Wang, XJ, Cao, L, et al.Progress in hepatitis B prevention through universal infant vaccination–China, 1997-2006. MMWR Morb Mortal Wkly Rep (2007) 56(18):441–5.

12. Liu, J, Liang, W, Jing, W, and Liu, M. Countdown to 2030: eliminating hepatitis B disease, China. Bull World Health Organ (2019) 97(3):230–8. doi: 10.2471/blt.18.219469

13. Cui, F, Shen, L, Li, L, Wang, H, Wang, F, Bi, S, et al. Prevention of Chronic Hepatitis B after 3 Decades of Escalating Vaccination Policy, China. Emerg Infect Dis (2017) 23(5):765–72. doi: 10.3201/eid2305.161477

14. Razavi-Shearer, D, Gamkrelidze, I, Nguyen, MH, Chen, D-H, Van Damme, P, Abbas, Z, et al. Global prevalence, treatment, and prevention of hepatitis B virus infection in 2016: a modelling study. Lancet Gastroenterol Hepatol (2018) 3(6):383–403. doi: 10.1016/s2468-1253(18)30056-6

15. Santos, JL, Choquette, M, and Bezerra, JA. Cholestatic liver disease in children. Curr Gastroenterol Rep (2010) 12(1):30–9. doi: 10.1007/s11894-009-0081-8

16. Hartley, JL, Davenport, M, and Kelly, DA. Biliary atresia. Lancet (2009) 374(9702):1704–13. doi: 10.1016/s0140-6736(09)60946-6

17. Balistreri, WF, Heubi, JE, and Suchy, FJ. Immaturity of the enterohepatic circulation in early life: factors predisposing to “physiologic” maldigestion and cholestasis. J Pediatr Gastroenterol Nutr (1983) 2(2):346–54.

18. Verkade, HJ, Bezerra, JA, Davenport, M, Schreiber, RA, Mieli-Vergani, G, Hulscher, JB, et al. Biliary atresia and other cholestatic childhood diseases: Advances and future challenges. J Hepatol (2016) 65(3):631–42. doi: 10.1016/j.jhep.2016.04.032

19. Mieli-Vergani, G, and Vergani, D. Biliary atresia. Semin Immunopathol (2009) 31(3):371–81. doi: 10.1007/s00281-009-0171-6

20. Kasahara, M, Umeshita, K, Sakamoto, S, Fukuda, A, Furukawa, H, and Uemoto, S. Liver transplantation for biliary atresia: a systematic review. Pediatr Surg Int (2017) 33(12):1289–95. doi: 10.1007/s00383-017-4173-5

21. Ure, BM, Kuebler, JF, Schukfeh, N, Engelmann, C, Dingemann, J, and Petersen, C. Survival with the native liver after laparoscopic versus conventional kasai portoenterostomy in infants with biliary atresia: a prospective trial. Ann Surg (2011) 253(4):826–30. doi: 10.1097/SLA.0b013e318211d7d8

22. Liu, J, and Fan, D. Hepatitis B in China. Lancet (2007) 369(9573):1582–3. doi: 10.1016/s0140-6736(07)60723-5

23. World Health Organization. Hepatitis B (2020). Avaialble at: https://www.who.int/en/news-room/fact-sheets/detail/hepatitis-b [Accessed 27 July 2020].

24. Dehghani, SM, Shakiba, MA, Ziaeyan, M, Imanieh, MH, Haghighat, M, Bahador, A, et al. Vaccination status in pediatric liver transplant candidates. Pediatr Transplant (2009) 13(7):820–2. doi: 10.1111/j.1399-3046.2009.01177.x

25. Dehghani, SM, Shakiba, MA, Ziaeyan, M, Imanieh, MH, Haghighat, M, Sedaghat, M, et al. Evaluation of immunity status to routine vaccination in pediatric liver transplant candidates. Turk J Gastroenterol (2014) 25 Suppl 1:26–31. doi: 10.5152/tjg.2014.5139

26. Wu, JF, Ni, YH, Chen, HL, Hsu, HY, Lai, HS, and Chang, MH. Inadequate humoral immunogenicity to recombinant hepatitis B virus vaccine in biliary atresia children. Pediatr Res (2008) 64(1):100–4. doi: 10.1203/PDR.0b013e3181732908

27. Zimmermann, P, and Curtis, N. Factors That Influence the Immune Response to Vaccination. Clin Microbiol Rev (2019) 32(2):e00084–18. doi: 10.1128/cmr.00084-18

28. Poland, GA, Ovsyannikova, IG, and Kennedy, RB. Personalized vaccinology: A review. Vaccine (2018) 36(36):5350–7. doi: 10.1016/j.vaccine.2017.07.062

29. Flanagan, KL, Fink, AL, Plebanski, M, and Klein, SL. Sex and Gender Differences in the Outcomes of Vaccination over the Life Course. Annu Rev Cell Dev Biol (2017) 33:577–99. doi: 10.1146/annurev-cellbio-100616-060718

30. Zhou, K, Wang, J, Xie, G, Zhou, Y, Yan, W, Pan, W, et al. Distinct Plasma Bile Acid Profiles of Biliary Atresia and Neonatal Hepatitis Syndrome. J Proteome Res (2015) 14(11):4844–50. doi: 10.1021/acs.jproteome.5b00676

31. Fiorucci, S, Biagioli, M, Zampella, A, and Distrutti, E. Bile Acids Activated Receptors Regulate Innate Immunity. Front Immunol (2018) 9:1853. doi: 10.3389/fimmu.2018.01853

32. Guo, C, Xie, S, Chi, Z, Zhang, J, Liu, Y, Zhang, L, et al. Bile Acids Control Inflammation and Metabolic Disorder through Inhibition of NLRP3 Inflammasome. Immunity (2016) 45(4):802–16. doi: 10.1016/j.immuni.2016.09.008

33. Jiang, X, Lian, M, Li, Y, Zhang, W, Wang, Q, Wei, Y, et al. The immunobiology of mucosal-associated invariant T cell (MAIT) function in primary biliary cholangitis: Regulation by cholic acid-induced Interleukin-7. J Autoimmun (2018) 90:64–75. doi: 10.1016/j.jaut.2018.01.007

34. Hang, S, Paik, D, Yao, L, Kim, E, Trinath, J, Lu, J, et al. Bile acid metabolites control T(H)17 and T(reg) cell differentiation. Nature (2019) 576(7785):143–8. doi: 10.1038/s41586-019-1785-z

35. Pols, TWH, Puchner, T, Korkmaz, HI, Vos, M, Soeters, MR, and de Vries, CJM. Lithocholic acid controls adaptive immune responses by inhibition of Th1 activation through the Vitamin D receptor. PloS One (2017) 12(5):e0176715. doi: 10.1371/journal.pone.0176715

36. He, J, Zhang, X, Wei, Y, Sun, X, Chen, Y, Deng, J, et al. Low-dose interleukin-2 treatment selectively modulates CD4(+) T cell subsets in patients with systemic lupus erythematosus. Nat Med (2016) 22(9):991–3. doi: 10.1038/nm.4148

37. World Health OrganizationVaccine-preventable communicable diseases (2020). Available at: https://apps.who.int/gho/data/node.main.170?lang=en [Accessed 19 November 2020].

38. Yaghobi, R, Didari, M, Gramizadeh, B, Rahsaz, M, Heidari, T, Banihashemi, M, et al. Study of viral infections in infants with biliary atresia. Indian J Pediatr (2011) 78(4):478–81. doi: 10.1007/s12098-010-0309-5

39. Lefebvre, P, Cariou, B, Lien, F, Kuipers, F, and Staels, B. Role of bile acids and bile acid receptors in metabolic regulation. Physiol Rev (2009) 89(1):147–91. doi: 10.1152/physrev.00010.2008

40. Qi, X, Yun, C, Sun, L, Xia, J, Wu, Q, Wang, Y, et al. Gut microbiota-bile acid-interleukin-22 axis orchestrates polycystic ovary syndrome. Nat Med (2019) 25(8):1225–33. doi: 10.1038/s41591-019-0509-0

41. Tarlinton, D, and Good-Jacobson, K. Diversity among memory B cells: origin, consequences, and utility. Science (2013) 341(6151):1205–11. doi: 10.1126/science.1241146

42. Akkaya, M, Kwak, K, and Pierce, SK. B cell memory: building two walls of protection against pathogens. Nat Rev Immunol (2020) 20(4):229–38. doi: 10.1038/s41577-019-0244-2

43. Wu, JF, Ni, YH, Chen, HL, Hsu, HY, Lai, HS, and Chang, MH. Humoral immunogenicity to measles, rubella, and varicella-zoster vaccines in biliary atresia children. Vaccine (2009) 27(21):2812–5. doi: 10.1016/j.vaccine.2009.02.094

44. Pulendran, B, and Ahmed, R. Immunological mechanisms of vaccination. Nat Immunol (2011) 12(6):509–17. doi: 10.1038/ni.2039

45. Correia, L, Podevin, P, Borderie, D, Verthier, N, Montet, JC, Feldmann, G, et al. Effects of bile acids on the humoral immune response: a mechanistic approach. Life Sci (2001) 69(20):2337–48. doi: 10.1016/s0024-3205(01)01321-2

46. Li, SX, Lv, TT, Zhang, CP, Wang, TQ, Tian, D, Sun, GY, et al. Alteration of liver-infiltrated and peripheral blood double-negative T-cells in primary biliary cholangitis. Liver Int (2019) 39(9):1755–67. doi: 10.1111/liv.14136

47. Kikuchi, K, Hsu, W, Hosoya, N, Moritoki, Y, Kajiyama, Y, Kawai, T, et al. Ursodeoxycholic acid reduces CpG-induced IgM production in patients with primary biliary cirrhosis. Hepatol Res (2009) 39(5):448–54. doi: 10.1111/j.1872-034X.2008.00474.x

48. Tang, L, Zhong, R, He, X, Wang, W, Liu, J, Zhu, Y, et al. Evidence for the association between IgG-antimitochondrial antibody and biochemical response to ursodeoxycholic acid treatment in primary biliary cholangitis. J Gastroenterol Hepatol (2017) 32(3):659–66. doi: 10.1111/jgh.13534



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.

Copyright © 2021 Liu, Fei, Zhou, Ji, Wu, Gu, Luo, Zhu, Feng, Wan, Qiu, Lu, Yang, Deng, Zhou, Gong, Deng, Xue and Xia. 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/fimmu-12-642546-g001.jpg
Patients were diagnosed biliary atresia and
waiting for pediatric lver transplantation from
January 2018 to December 2018 (n=326)

Foreign patients (n=15)
Patients without vaccination record (n=23)

Patients received no HBV vacd
Study cohorts (1=288) | | before iver transplantation (n=11)
Patients had at least one of the

following markers postive before
f—————+{ coort entry (n=57)

“HBsAg
“HBeAg
“HeeAb
HBV vaccine cohorts | | “HBcAb

(n=220)

Patients wih serum Patients with serum
totalbile acids. total bile acids <200
2200 pmolL. (v=93) mollL (n=127)






OEBPS/Images/fimmu-12-642546-g004.jpg
Class-switched Non-class-switched
memory B memory B

‘Post-dlass-switched
merhory B cells

cD3——> >

cD19

s < °
2 .
g o0, P07 .
7 g £315] -
S g £a
£ o]
o s N
o 2 &3 o
2 o. o. OFf
8 "0 20040 600 800 0260 460 660 600 0200 400 660 80

Bile acids (umoliL) Bile acids (mol/L) Bile acids (umoliL)
. . B

=061, 7=0.01 _
st g7,
356 29
5 8ol
g § ol ¢
5%, o 2o

280 400 60 8%0 3. 200 460 650 8bo 3 200 460 680 sbo
. BeaidsGmo)  Bleadds(mol) Bl acids (mott)
£ 45, POOHA01 o
220{e a
2 15
Sisie e g
F 0]\ H10
8 os. Sos
% 00 g
5 200
2000 w0

&
Bile acids (umollL) < &‘





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Bile Acids Impair Vaccine Response in Children With Biliary Atresia

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Clinical Trial Registration

        



        		

          Introduction

        



        		

          Material and Methods

        

          		

            Patient Recruitment

          



          		

            Serological Testing

          



          		

            PBMC Isolation

          



          		

            Flow Cytometry

          



          		

            Data Analysis

          



          		

            Study Approval

          



        



        



        		

          Results

        

          		

            Low Vaccination Coverage for Routine Vaccines and High Incidence of HBV Infection in Children With BA

          



          		

            Low Completion Rate of the HBV Vaccine and Defective Antibody Response

          



          		

            Serum Bile Acids Are Decreased in Responders With High HBsAb Titers

          



          		

            Serum Bile Acid Levels Are Negatively Correlated With Post-Class-Switched Memory B Cells but Not CD4+ T Cells in BA Patients

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Characteritics. Al(n=220) HBSAb <200 (IU/ML) (1=51)  HBsAb > 200 (miU/mL) (n=168)  p-value

Age, median (GF) 7611 7611 7614 oe2
Femao/maio,n 1388 aart7 102767 042
Weight (kg. mecian (OR) 746588 746588 73(659.1) 075
Weight (4. mecian (OR) 90(1.4:31.0) £00(1.0300) 12427-330) 042
Height (k. median (OR) 66(6472) 66471 666475 o83
Height (%), medan 1R) 10308:276) 11308277) 92(18229) 0%0
BM g/, mectn (QR) 166(15317.8) 164 (153-178) 167153179 o7
Biochemical paramoters modian (QR)

Aoumin o) 34.1202:382) 340(202.382) 34200740, 040
ALT () 12708232100 1280(8202100) 1250 8302230 098
AST (1) 218515153613 2160(505.343.0) 2000 157.0396.0) 080
GaT U 213012735230 2770/(127.5:5692) 2448 (1180-497.0) 025
AP U 5850(12387810) 5700096-7735) 6220 (516:819) o016
TBA (o) 1755(134.02719) 1888 (1418-276) 144.4 (97.8-190.5) 001
TBIL gemoin) 241.3(1204-338.0) 2633(137.6:338) 2553(515352.1) o074
CHOL (mmoln 48(3667) 473566 490668 o076
White blood cels (x10°) 106(80-135) 10782138 96(7.1-126) 025
Neutopnis (10°L) 392655 402859 34452 o018
Lymphocytes (10°) 48(370) 493670 46@1-7.1) 068
Monocytes (x10°) 08(06-1.2) 090612 07(051.1) 007
Kasai surgery. n (%)

vos. 70001.8%) 1835.3%) 52(308% o054
No 160(68.2%) 3647%) 117(692%)

Doso of vaconaton, n (%)

one. 18 (51.45%) 508% 10863.9%) <001
Two 85086%) 34(667%) 51(202%)

Thveo 22(10%) 12 235% 1069%

Timo s20 vaccinaton (month), median (GF) 60(3.90) 403070 70(60-100) <00t

T 13U stands o thstatstcalrosuls batwoon HBSAt < 200 (L) an HBSAb > 200 (mUm). Vaues ar summarzd a5 mockan IR, Catogorcalariabios o summared
as prcantago. P for satstcal snicanco was oblanod usig Fsher’s xact 1ot for Gatogorcal variaio o ndapencont estor Man Whitoey U st fr contiuns vriobes, s
i 1T Idainadls mcih





OEBPS/Images/table4.jpg
Characteritics.

Age, median (GF)

Femae/maio,n

Weight (kg mecian (OR)

Weight (perczntage), medn (R)
Height kg, median (CR)

Height (percentage), median (OR)
BMI /), median (OR)
Biochemical parametors, medan (OF)
Aoumin (o)

ALT UL

AST )

GaT Uy

AP Ul

TBIL gemoit)

CHOL (ol

White blood cels (10°)
Neutropnis (IO°L)

Lympnocytes (10°)

Monocytes (x10°A)

Kasai surgery, n (%)

vos.

No

Dose of vaccination, n (%)

one.

Two

hveo

Time sinoe vaccinaion (mont), median (IOR)

TBA< 200 ymoliL (n=127)

7614
5275
746595
104(1.7:349)
66(64:75)
121 (12:285)
167 (15.417.8)

30289383
121.0 8201860
2190(139.0.385.0)
2448(11805230)
577.04130-7830)
2231 (723411
433162
9772133)
272653
45@1.70)
080512

34 288%)
732%)

55(33%
54(025%
18 (142%)
6040100

“TBAZ 200 pmolL. (1=93)

710
261
736580
69(1.1:28.1)
666470,
7906214
162(15217.6)

33314380
1320(820:2305)
2150(1565:3445)
324.0(156.0556.0)
5900(456.0.781.0)
2582(1680336.9)
590990
1483143
120863
540772)
090812

(@87%
57613%

58(624%
31 (83%)
463%
606089

028

oot

040

P valsos aro summarzod as medan IOR). Catogorcal varaies are summarzad as percoiages. P (o Stalsical sgnficance was obtaned usng Fsher's oact (ot fo categorcal
el ac Mckosriit & et or g SBBaty b fest ¥ oatiliuccs vedthie o8 acncoibie. IO Mt Aion SO 0SS,





OEBPS/Images/table3.jpg
Nonresponders (n=75) Low/medium responders (1=94) High responders (n=51)

5 (4.4%)
Tizon Sl siliaoty
ey 3(136%) 12 (64.5%)
Taran i

Norvosponders: HBSAb < 10 mUnL
Lowlmecsum tesponders; HBSAb 10-200 miUnL.
A s0nthrs: HOSAD Rvels-> 200 AR IAL.





OEBPS/Images/logo.jpg
’ frontiers
in Immunology





OEBPS/Images/fimmu-12-642546-g002.jpg
categon HBsAb titter __ Number
Non/low/medium
esponders | 0 HESAD <200 miU/mL 169

High-responders _HBsAb > 200 mil/mL.

sonesponcers LRI oroen
Nonfowimedium responders {0 OOGRHBIGHDe eo oo

[ 20 430
Bile acids (umol/L)

p<00t

. High-responder
. Low-responder

6%





OEBPS/Images/fimmu-12-642546-g003.jpg
Lymphocytes

0200 400 600 800
Bile acids (mollL)

75
0200 400 600 800
Bile acids (mollL)

Bile acids (umoliL)

p=0.24;7=0.03

Th17/CD4" T (%)
oo wsa

0200 400 600 800
Bile acids (umoliL)

o .
0200 400 600 800

Bile acids (umoliL)





OEBPS/Images/fimmu.2021.642546_cover.jpg
’ frontiers
in Immunology

Bile Acids Impair Vaccine Response
in Children With Biliary Atresia





OEBPS/Images/table1.jpg
Vaccine.

Age (month), medin (range)
Female, n (%)
eV

=3

Pojo.

o1

Ven A

3

ARt

MR

HAY

Nen AC

Total (n=288)

76159
167 (5801
2777288 (06.2%
2647288 (84.7%
73288 25:3%)
417288 (14.2%)
20215 (13.5%)
18120 (150%
7165 (10:8%)
1648 (51.3%)
1248 25.0%)
17 @61.2%

“Time recommended for first dose of vaccination after birth (month)

50G, baoits Gamato-Gus vaccn; DTP, dhthoratas/pauss's acoie; HAY, hpats A vacone, HBY, hapatts B vaccn: J, Japandsd oncophalts acone:
Mori A, daAosoo s e M A AEECOCON B A Ueshies N Bshaisb i anoiub ol whiclin: . solbdaiitincine AR vadeall icalis.





OEBPS/Images/table5.jpg
Bio acids
Vaccine dose
one

Two

Thvee

Weight
Hegnt
Kasaisurgery
T8I

Chol

Adjusted OR (95%C1)
0394 (0.1700.969)

16,440 (5.385-44.271)
164579 (22579-1199.647)
1024 0713-1.470)
0927 (0.8291.037)
1290 (0552-3018)
1.001 (1.000-1.002)
1062 (0967-1.167)

p-value

003

<001
<001
090
019
06
017
o021

e B o iow:





