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Background: By determining the hepatitis B virus (HBV) surface antigen (HBsAg) positive rate postexposure and HBV-specific antigen/antibody (Ag/Ab) level in patients with rheumatic diseases, we aimed at exploring the rheumatic link to HBV control.

Methods: Patients who underwent HBV screening in the Ruijin Hospital from 2020 to 2021 were enrolled for the exposure rate estimation. Among antibody to HBV core antigen (HBcAb)-positive patients, we adopted propensity score matching (PSM) to study the impact of rheumatism on HBsAg seroprevalence after exposure. A second PSM evaluated the Ag/Ab differences. We also had HBsAg prevalence in human leukocyte antigen B2 (HLA-B27) tested patients studied.

Results: With 33,989 screened patients, exposure rates remained comparable between rheumatic and non-rheumatic patients: 48.94 vs. 49.86%. PSM first yielded 2,618 balanced pairs. We observed significantly fewer patients with rheumatic diseases in HBsAg positive cases than negative ones (p < 0.001). In the second round, PSM matched 279 pairs, HBsAg (p < 0.001) and HBeAg (p < 0.05) positivity rates were significantly lower in the rheumatic patients, whereas HBsAb positivity rate (p < 0.001) and level (p < 0.01) were significantly higher. Though the value of HBcAb was overall significantly lower (p < 0.001) within the realm of rheumatic diseases, patients with ankylosing spondylitis (AS) demonstrated a significantly higher value than other rheumatic diseases. We saw significantly fewer HBV infections in HLA-B27 positive subjects than in the negative ones (p < 0.001).

Conclusion: In this propensity score-matched study, rheumatic patients had an advantage in HBV control. In rheumatic patients, HBcAb levels, together with the beneficial role of HLA-B27, were highlighted.
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INTRODUCTION

The WHO estimates 296 million people had chronic hepatitis B infection in 2019. Hepatitis B virus (HBV) can cause persistent infection, ultimately leading to cirrhosis and hepatocellular carcinoma (1). Currently, there is no sterilizing cure. HBV, by evolving host mimicking strategies, causes inertia in host immunity. Thus, it is the possibility of a systemic rescue and it has been indeed evidenced by the fact that CD8+ T cells dysfunction induced locally by hepatocellular priming can be counteracted in vivo by treatment with IL-2 (2). CD8+ T cells are considered the ultimate effectors of viral clearance.

While HBV leads to immune tolerance, hyperactive immunity or breakage of self-tolerance is the centerpiece of rheumatic diseases, often associated with the perturbated humoral immunity (3). The impact of rheumatic disease on HBV infection outcome had never been studied, nor had a rheumatic viral-specific humoral profile. Thus, one is curious about the product of having both conditions. Whether this overactivated immunity could compensate for the deficiency seen in non-rheumatic patients and lead to better control over HBV remains unclear. Indeed, shreds of evidence had suggested that the reactivation rate of HBV in patients with rheumatic diseases under immunosuppressive agents was low (4). If any, the prognostics were overall good, compared with non-rheumatic patients (5). However, data regarding the actual prevalence of HBsAg seropositivity after encountering HBV among rheumatic patients are scarce (6). Neither had any study evaluated impact of rheumatism on HBsAg seroprevalence in HBV exposed population, nor had any of them cross-sectionally compared either the exposure or the infection rate between rheumatic and non-rheumatic groups. Thus, the consequence is unclear.

The input of humoral immunity has drawn attention recently (7) in the field of HBV. HBV virion is an enveloped nucleocapsid. HBV surface antigen (HBsAg) forms the envelope. Antibody to HBsAg, HBsAb, is an indicator of protective immunity. It appears after viral clearance in animal models (8). Conversely, the antibody against nucleocapsid forming core protein antigen-HBcAg, HBcAb, was produced early in infection (9). The significance and kinetics of HBcAb, and other antibodies against core coding products, including Hepatitis B e antigen (HBeAg), is unclear (10). We previously found that overactivated HBV immunity in patients could be HBV core coding proteins related (11). We also discovered that the HBcAb level possessed a prognostic value in severe cases (12), albeit in a biphasic manner.

Here, by applying propensity score matching (PSM) on a large dataset of HBV serologically screened population, we tested the hypothesis that after encountering HBV, rheumatic patients showed less HBsAg prevalence compared with non-rheumatic patients. We compared HBV-specific antigen/antibody (Ag/Ab) to search for rheumatic traits against HBV. The protective role of human leukocyte antigen B27 (HLA-B27) was further validated.



MATERIALS AND METHODS


Study Populations

We included 33,989 HBV serological markers screened patients from March 2020 to March 2021 in the Ruijin Hospital, Shanghai, China. Figure 1 demonstrates the study outline. The validation group consisted of patients who had HLA-B27 screened. All the rheumatic disease diagnoses were captured by rheumatologists. Each of them was then confirmed by two experienced rheumatologists to ensure the correctness of classification. Patients with vague or missing data as well as those with more than one rheumatic diagnosis were excluded. Ankylosing spondylitis (AS) was diagnosed according to the Assessment of SpondyloArthritis International Society/European League Against Rheumatism (ASAS-EULAR) recommendations (13), systemic lupus erythematosus (SLE) according to 2019 European Alliance of Associations for Rheumatology/American College of Rheumatology (EULAR/ACR) classification criteria (14), RA based on 2010 ACR/EULAR classification criteria (15), Sjögren's syndrome (SS) based on 2016 ACR/EULAR criteria (16), dermatomyositis (DM) by using the classification criteria of 2017 EULAR/ACR (17), and vasculitis according to ACR/EULAR-endorsed diagnostic and classification criteria (18). HBV reactivation was defined according to the 2020 BMJ review (19). The study was approved by the Ethics Committee of Ruijin Hospital. Medical charts of all the matched rheumatic cases were carefully scrutinized, treatment options, and reactivation were recorded.
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FIGURE 1. Flowchart of the study. A total of 33,989 eligible hepatitis B Virus (HBV) serologically screened patients entered the study (rheumatic/non-rheumatic patients: 567/33,422), within which 17,906 patients were HBV core antigen (HBcAb) positive. Initially included patients were used to estimate the HBV exposure rates. Among HBcAb-positive patients (HBV-exposed patients), two parallel rounds of PSM were conducted. The first one aimed to check the impact of rheumatism on the infection outcome, whereas the second one focused on evaluating the HBV-specific humoral immunity [viral antigen (Ag)/antibody (Ab)] differences. Viral Ab levels were further compared among different rheumatic diseases. The role of human leukocyte antigen (HLA) class I molecule B27 (HLA-B27) on HBV infection outcome was further validated using another set of age, gender-matched patients.




Hepatitis B Virus Serological Markers and HLA-B27 Detection

Hepatitis B virus surface antigen, HBsAb, HBeAg, HBeAb, and HBcAb were measured by chemiluminescence using the Architect i2000SR Immunoassay Analyzer (Abbott Diagnostics, Abbott Park, Illinois, USA). Results of HBsAg were presented in IU/ml and HBsAb in mIU/ml, both with corresponding ranges. The results of HBeAg, HBeAb, and HBcAb were all presented in relative luminescence unit signal over cutoff ratio (s/co). Cutoff value and ranges were as follows: 0.05 and 0.0–250 IU/ml for HBsAg; 10 and 0.00–1,000.00 mIU/ml for HBsAb; 1.00 s/co as the cutoff for HBeAg and HBcAb, a value higher than 1.00 was considered as positive; 1.00 s/co set as the cutoff for HBeAb, a value higher than 1.00 were defined as negative. If a result fell in the gray zone, the sample was subjected to duplicate retesting and considered repeatedly reactive when both turned reactive. If both the retests were negative, we considered the original sample negative. When contradictory results appeared, we initiated external validation by  Cobas e 801 analytical unit for immunoassay tests (Roche Diagnostics, Indianapolis, USA). HLA-B27 positivity was determined in the blood samples by the flow cytometric approach.



Sample Size Evaluation

To compare the exposure outcome, samples size was computed using pwr.chisq.test function from pwr, an R package, with significance level/power set to 0.05/0.8. According to preliminary bootstrapped calculations, effect size was constantly >0.5. Still, a medium effect size value of 0.2 was chosen, yielding 273 as the minimal required number of observations. For visualization, Supplementary Figure 1 plots the power calculation.



Statistical Analysis—Propensity Score Matching

To obtain less biased inferences, we used PSM (Rosenbaum and Rubin, 1983) to estimate the effect of rheumatism on HBV infection outcome (HBsAg status as binary outcome) on those who had been exposed to HBV for confounding by the included covariates. The selection of covariates followed the principle that it should be related to the outcome and unrelated to the exposure. Age is a determinant of serologic responses to virus infection, and so is gender. Standardized mean differences, variance ratios, and empirical cumulative density function were checked on these two covariates using the initial dataset. Both age and gender were significantly different between the outcome groups. Being younger or male was prone to infection. Therefore, they needed to be balanced before any inference could be made. PSM can reduce covariates to one dimension. We attempted 1:1 nearest neighbor PSM without replacement with a propensity score estimated using logistic regression, which yielded adequate balance, as visualized in Supplementary Figure 2 by quantile–quantile plots and Supplementary Figure 3 by the distribution of propensity scores of matched and unmatched units. After matching, to estimate the effect and its standard error, we fit a linear regression model with infection outcome and rheumatism and the covariates as additive predictors. The lm() function was used to estimate the effect. The second PSM was performed to balance the rheumatic and non-rheumatic groups to study the viral Ag/Ab difference on having rheumatic diseases. After this matching, groups were also balance-checked by graphic means. Exact matching was performed using the MatchIt package (20 in R. The Pearson's Chi-Squared test with a Yates' continuity correction was used to test the goodnessof-fit whether a categorical variable followed a hypothesized distribution. All the statistics were performed in Rstudio software (version 1.4.1106, Massachusetts, USA).



Influence of Rheumatic Diseases on HBV Infection Outcome and Comparison of HBV Antibody Levels

To assess the influence of rheumatism on HBsAg prevalence, we applied the chi-squared test on the first PSM-yielded covariates balanced case-control pairs. Comparisons of positivity rates of HBV serological markers between patients with or without rheumatic diseases were performed on the second PSM balanced pairs. The patients were further divided into the female and male subgroups and HBV positivity rates of the serological markers were compared. The levels of HBsAb, HBeAb, and HBcAb were also analyzed. With regards to the differences between antibodies levels (HBsAb, HBeAb, and HBcAb), after normality check, they were subjected to inter- or intra-disciplinary comparisons. Non-parametric data were compared using the Welch t-test. All the tests were two-sided, with a significance level <0.05.



Comparison of HLA-B27 Status on HBV Infection Outcome

To test whether HLA-B27 status influenced infection outcome, HBsAg/HBeAg/HBV DNA status, and also HBsAb/HBeAb/HBcAb levels were compared between HLA-B27 positive and negative groups. Comparability of gender and age between the two groups was chi-squared or t-tested first. In the downstream analysis, for HBsAg, HBeAg, or detectable HBV DNA, the chi-squared test was applied, for HBsAb level, HBcAb s/co, and HBeAb s/co value, t-test was used. All the tests were two-sided, with a significance level <0.05.




RESULTS


Comparable HBV Exposure Rates Among Different Groups of Patients

Hepatitis B virus core antigen HBcAb positivity rate was 48.94% in patients with rheumatic diseases, comparable with 52.74% in non-rheumatic departments (including patients from the Department of Infectious Diseases, p = 0.07), within which patients from the Department of Infectious Diseases had a significantly enriched HBcAb positive rate of 74.51% (p < 0.0001). Exposure rates did stay comparable (see later) with or without patients from the Department of Infectious Diseases, a possible consequence of dilution of the large sample size. Because patients with a previously established diagnosis of HBV infection would be referred to the Infectious Diseases Department or seeking further consultations by themselves, thus including these patients would inevitably introduce and propagate inclusion bias. These subjects were excluded from the non-rheumatic group for further analysis. HBcAb positivity rate stayed comparable between rheumatic and non-rheumatic patients (48.94 vs. 49.86%, p = 0.66), as shown in Figure 2, demographics and Ag/Ab comparisons before PSM were listed in Table 1.
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FIGURE 2. Exposure rates between rheumatic and non-rheumatic patients and demographics before propensity score matching (PSM). The bar plot shows HBV exposure rates, represented by HBcAb status, between rheumatic and non-rheumatic patients. A p < 0.05 was considered as statistically significant. Ns stood for non-significance.



Table 1. Demographic comparison between rheumatic and non-rheumatic patients prior to matching.
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Patients With Rheumatic Diseases Less Seen in HBsAg-Positive HBV Exposed Subjects

The PSM on HBsAg status yielded 2,618 balanced case-control pairs. Between the HBsAg-positive and negative groups, rheumatic patients were significantly less seen in the positive group (X2 = 214.84, df = 1, p < 0.0001). The PSM on rheumatic status provided 279 balanced pairs. Noteworthy, the HBsAg positivity rate stayed significantly lower in the rheumatic group compared with the non-rheumatic group regardless of matching. Before matching was 6.81 vs. 17.7% (p < 0.0001) and after matching was 6.81 vs. 22.58% (p < 0.0001). HBsAb positivity was significantly more frequently (p < 0.0001) seen in the rheumatic group than in the non-rheumatic group. HBeAg positive cases were less seen (p < 0.0001) in the rheumatic (HBeAg positive/negative: 2/277) than in the non-rheumatic group (11/268). However, there was no significant difference in terms of HBeAb positivity rate (p = 0.73; Figure 3).


[image: Figure 3]
FIGURE 3. Viral markers positivity rates comparisons between patients with rheumatic and non-rheumatic diseases. (A) From left to right, the first figure showed HBV surface antigen (HBsAg) positive/negative status percentages between the rheumatic and non-rheumatic groups. Blue stood for negative serological results, while orange stood for positive results. The second and third figures showed subgroup results of females and males. Each point represented one patient. From (B–D), the positive/negative status of HBsAb, HBeAg, and HBeAb in patients from the two groups along with gender subgroups were laid out in the same sequence as in (A).




Rheumatic Patients Produced a Higher Level of HBsAb and a Lower Level of HBcAb

Our data demonstrated that the HBsAb level was significantly higher (p < 0.01) in the rheumatic group than in the non-rheumatic group. The difference remained in the gender subset (p < 0.05 in females, 0.01 in males). HBeAb s/co value was comparable (p = 0.37) in these two groups. Gender subgroups did not reveal any further significant difference (p = 0.30 in female subgroup, p = 0.89 in male subgroup). HBcAb s/co value was found to be significantly lower (p < 0.0001) in the rheumatic (6.06 s/co) than in the non-rheumatic group (6.82 s/co). Moreover, there was a significant difference in the female subgroup (p < 0.01 in females, p = 0.05 in males) (Figure 4).


[image: Figure 4]
FIGURE 4. Viral specific antibody level comparisons. From left to right: (A) boxplot showed HBsAb value between the rheumatic and non-rheumatic groups. (B) boxplot showed HBcAb signal over cutoff ratio (s/co) value in patients from the two groups; (C,D) boxplots sequentially showed HBeAb and HBcAb antibodies levels among different rheumatic diseases. HBeAb values were significantly different between ankylosing spondylitis (AS) with systemic lupus erythematosus (SLE), Sjögren's syndrome (SS), or dermatomyositis (DM) group in the female subgroup, while no significance was found in the male group. Moreover, a significantly higher value of HBcAb in patients with AS than SLE, RA, SS, DM, or vasculitis in the female subgroup were also found, while no significance was found in the male group.




Higher HBcAb Level in Female Ankylosing Spondylitis (AS) Patients Than That in Other Rheumatic Diseases

Rheumatic disorders included in this study encompassed SLE, RA, SS, DM, AS, vasculitis, and others. A total of 212/279 (75.99%) of rheumatic patients were already under immunosuppressants. We found no record of HBV reactivation or use of preemptive antivirals. No significant difference was found with pairwise comparisons between different rheumatic diseases regarding HBsAb levels. Significant differences were noticed in the female subgroup when the HBeAb s/co value was compared between AS and SLE (p < 0.05), SS (p < 0.05), or DM (p < 0.05). Female AS subjects had significantly lower HBeAb s/co value (inversely related to the actual antibody level) than that in SLE/SS/DM groups. Nevertheless, no significant difference was found in the male subset. In addition, patients with AS had higher HBcAb s/co value than patients with SLE (p < 0.05, RA (p < 0.05), SS (p < 0.051), DM (p < 0.05) or vasculitis (p < 0.05; Figure 4). However, we found no significant difference in males.



HLA-B27 Positive Subjects Had Better Control Over HBV Infection

Human leukocyte antigen B27 was a biomarker for AS. To further analyze the findings on AS, we enrolled 201 HLA-B27 and HBV-tested patients. A total of 118 patients had positive HBcAb, within which 54 patients were HLA-B27 positive, 64 were negative. Age (p = 0.97) and gender (p = 0.67) were comparable between the two groups. HBsAg positivity rate was significantly lower in the HLA-B27 positive group (p < 0.0001), and the average HBsAb level (p = 0.04) was notably higher than that of HLA-B27 negative patients. HBeAg positivity rates were comparable between HLA-B27 negative and positive patients (p = 0.60). However, HBeAb positivity rates in HLA-B27 positive patients were significantly lower than HLA-B27 negative patients (p < 0.01). Besides, we encountered less detectable HBV DNA in HLA-B27 positive patients (p < 0.0001). HBcAb s/co value was significantly lower (p < 0.0001) in the HLA-B27 positive group than in the HLA-B27 negative group. No difference was found in HBeAb s/co value in these two groups (p = 0.56; Figure 5). None of the HLA-B27 positive patients developed a persistent infection after HBV exposure.
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FIGURE 5. Influence of HLA-B27 positivity on the HBV infection outcome. Efficient HBV control in HLA-B27-positive patients (n = 118 for HBcAb-positive patients who underwent HLA-B27 screen). (A) From left to right, plots showed HBsAg, HBsAb status between HLA-B27 positive and negative patients, respectively; (B) the last two boxplots demonstrated HBsAb and HBcAb levels between HLA-B27 negative and positive patients. HLA-B27 positive patients had significantly higher HBsAb and lower HBcAb than negative ones.





DISCUSSION

Our data suggested a beneficial role of rheumatic diseases on HBV control. We further discovered a protective input of HLA-B27. The immunopathogenic determinants governing HBV infection outcome remain poorly understood. A hallmark of rheumatic diseases is unrestrained autoimmunity, often associated with the overproduction of autoantibodies (21), especially in females (22). These groups of patients provide us the opportunity to evaluate a derailed immunity's impact on infection outcome. Since a study on HBV-specific antibody levels in patients with rheumatic diseases (23) was unavailable, we evaluated their differences, in the rheumatic vs. non-rheumatic groups. Intriguingly, two phenomena are worth noticing. First, the significantly higher HBsAb level evidenced in rheumatic patients, indicative of more successful control, contradicted the fact that HBcAb was exceptionally lower. Second, though relatively lower, levels of HBcAb in patients with AS were higher compared with other rheumatic diseases, especially in females. Current knowledge of antibodies against core-coding proteins, including HBcAb, during the course of infection, is limited. The previous study had shown that HBV-exposed patients with AS reactivated even less compared with other rheumatic conditions (24), suggesting superior control over HBV. Since HLA-B27 positivity is unequivocally a cardinal sign of AS, the unusual HBcAb levels in patients with AS imply a possible link between this HLA-class I molecule and HBV infection. Following these leads, we further tested the protectiveness of HLA-B27, and it was validated subsequently.

Human cells express diverse HLA class I molecules to present CD8+ T cell epitopes. Should there be an interaction between HBV core antigen coding proteins and HLA-class I molecule, it would be during the T cell priming by cross-presentation of the viral-specific peptide. Cross-presentation requires an HLA-class I molecule. In the case of HBV infection, this can be achieved either by antigen-presenting cells or non-professional cells such as hepatocytes. This leads to intrahepatic priming of the effector CD8+ T cell. It is crucial to viral control. Polymorphism of HLA affects antigen recognition. Its potential role in defining HBV infection outcome had been suggested, except mostly covered were HLA class II loci (25). Still, a plausible link between HLA-B and HBV had been recognized by a few studies (26). One of them, by probing into HBV core escape mutants and HLA class I alleles, found a handful of sites within the HBV PreC/C gene under selection pressure derived from HLA-B (27). Another recent study found HLA-class I profile heavily influenced HBV-specific T cell composition (28). For now, we are aware that HBsAg and HBeAg can be tolerogenic. However, we know little regarding which part of HBV virion can trigger an effective adaptive immunity. HLA-B27 (subtypes B*2701-2759) belongs to class I surface antigen encoded by the B locus in the major histocompatibility complex on chromosome 6 and presents antigenic peptides (self/non–self-antigens) to T cells. Though tightly associated, its relationship with AS has not been fully elucidated. Notably, HLA-B27 is strongly enriched among HIV controllers (29), suggesting its beneficial role in the fight against HIV, which is also a reverse transcribed virus, like HBV. Being on the humoral branch of adaptive immunity, antibody to the core coding antigen, HBcAb, some proposed that it was related to inflammation (30), others found its baseline level predicted reactivation under immunotherapy (31). We previously demonstrated the role of core coding protein in immunopathogenesis (3). We also found that severe cases of HBV infection had higher HBcAb levels, while in the terminal stage, lower HBcAb level was correlated with poor outcomes (12). Based on these considerations, the immunogenicity of core-related proteins during HBV infection might be complex, yet important.

Indeed, there are other study design options with their strengths and limitation. Those ideal ones can be cumbersome. We had adopted PSM on this cross-sectional study to minimize the bias. Still, whether HLA-B along with core coding proteins could be the hinge to an effective HBV surveillance and elimination needs to be addressed with a future experimental study. A better understanding of these could help to identify factors at work in HBV pathogenesis and lead to new treatments.

Taken together, rheumatic patients shared advantage in the control over HBV, given the same exposure rate. Lower antibodies levels against viral core gene coding proteins in the rheumatic patients with the protective role of HLA-B27 shed light in the future experimental design to unearth the possible signaling interaction between the HLA-B allele and HbcAg.
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