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Abstract

Background
The rates of hepatitis B virus (HBV) infection in rheumatoid arthritis (RA) patients were controversial
when considering the reported outcomes. It was speculated that HBV infection status altered after
suffering from RA, and variations over HBV infection rates became apparent.

Methods
To compare the positive proportions of hepatitis B e antigen (HBeAg) and HBV DNA, a case-control study
was performed between the 27 chronic hepatitis B (CHB) patients with RA and the 108 age-and gender-
matched CHB patients. In addition, the positive rates of hepatitis B surface antigen (HBsAg) and hepatitis
B core antibody (anti-HBc) were surveyed among the 892 RA patients.

Results
Compared to the CHB patients, the CHB patients with RA exhibited lower rates of HBeAg positivity (11.1%
vs. 35.2%, P = 0.003), HBV DNA positivity (37.0% vs. 63.9%, P = 0.007) and ALT elevation (11.1% vs.
35.2%, P = 0.024). In the 892 RA patients, the prevalence of HBsAg (3.0%) was lower than that of China
national data (7.2%), whereas the anti-HBc positive rate of 44.6% was higher than that of 34.1%.

Conclusion
HBV infection status altered after suffering from RA. Compared to the matched CHB patients, low positive
proportions of HBeAg and HBV DNA were observed for CHB patients with RA.

Introduction
It was observed that the HBV infection affected rheumatoid arthritis (RA), where HBV was considered as
the suspected trigger for arthritis in the genetically susceptible individuals[1]. The rates of positivity for RF
and ACPA were as high as 14.4% and 4.1%, respectively, in patients with chronic hepatitis B (CHB)[2].
Hepatitis B core antigen (HBcAg) was found in the synovium of RA patients with CHB, indicating that
HBV may involve in the pathogenesis of local lesions[3]. In RA patients, immune dysregulation and the
immunosuppressive therapies also in�uenced HBV infection[4, 5].

HBV infection with a high endemicity was reported in various regions of the Asia-Paci�c and Sub-
Saharan Africa[6, 7]. It also affects approximately 10 million people in China[8]. Unfortunately, the HBV
infection rates was reported differently for RA patients in the previous studies. Yilmaz et al. reported a
lower HBV infection prevalence in RA patients according to Turkish national data in comparison with the
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general population[9]. Mahroum et al. performed a case-control study and showed the RA patients had a
greater proportion of chronic HBV infection than the age- and sex-matched controls[10]. Hsu et al.
observed that RA patients were characterized with an increased risk of HBV infection when comparing
with that of the aged ≥ 18 years non-RA cohort[11]. The reasons for these differences were complicated,
especially when these were no studies assessing the HBV infection status in the RA patients, including
HBeAg-positive, HBV DNA load and ALT level.

Herein, a case-control study was performed to clarify the effect of RA on the HBV infection status. The
positive rates of hepatitis B e antigen (HBeAg) were compared between the RA patients with CHB and the
age-and gender-matched general CHB patients, in addition to positive rates of HBV DNA.

Methods
Study design

This was a case-control study. A total of 27 CHB patients with RA were enrolled from the department of
Rheumatology and Immunology, First A�liated Hospital of Xi’an Jiaotong University, from January 1st

2016 to December 31st 2019. Inclusion criteria: (i) HBsAg was positive for more than 6 months, (ii)
patients ful�lled ACR/EULAR 2010 rheumatoid arthritis classi�cation criteria. Exclusion criteria were if
patients were serologic human immunode�ciency virus (HIV) or hepatitis C (HCV) or Hepatitis D virus
(HDV) positive, had cirrhosis, liver cancer or fatty liver disease. To exclude the effect of antiviral therapy
on the HBV infection status, the RA patients who accepted antiviral treatment were not included in the
matched case-control study. During the corresponding period, the age- and gender- matched CHB
outpatients were enrolled as 1:4 ratio from the department of Infectious Disease. In addition, the positive
rates of HBsAg and anti-HBc were surveyed among the 892 RA patients over the corresponding
period. This study was conducted in accordance with the Declaration of Helsinki and the protocol was
approved by the Ethics Committee of First A�liated Hospital of Xi’an Jiaotong University (No. 2017.120),
and the patients gave their written informed consent.

The medical records of patients were reviewed, and the data of the following variables were collected:
age, gender, diagnosis, duration of disease, HBsAg, HBeAg, anti-HBc, ALT, HBV DNA load. All the test data
of RA patients were collected at the �rst visit time and the data of CHB patients were collected before
their antiviral treatment.

The primary outcome was the comparison of the positive rates of HBeAg and HBV DNA between the CHB
patients with RA and the age- and gender- matched CHB patients. The secondary outcomes were the
followings: (i) the comparison of the elevated ALT rates between the CHB patients with RA and the CHB
patients, (ii) the comparison of the HBeAg titer, HBV DNA load and ALT levels between CHB patients with
RA and the CHB patients, (iii) the comparison of HBsAg-positive rates between the RA patients and
Chinese general population (CGP), (iv) the comparison of anti-HBc-positive rates between the RA patients
and CGP.
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Laboratory methods

The titers of HBsAg, HBeAg and anti-HBc were quanti�ed by The Abbott ARCHITECT assays (Abbott
Laboratories, Chicago, IL, USA). The lower limit of detection for HBsAg was 0.05 IU/mL, HBeAg was 1
s/co and anti-HBc was 1 s/co. The HBV DNA load was measured by the Roche COBAS AmpliPrep/COBAS
TaqMan HBV test (Roche Molecular Systems, California, IL, USA), and the lower limit of detection was 12
IU/mL. Liver function tests were performed with an automated bioanalyzer (Olympus AU5400, Japan).

Statistical analysis

The analyses were performed by SPSS software 13.0 (SPSS Inc. Chicago, IL, USA). Conditional logistic
regression was used to compare the proportions between 2 groups. Quantitative data were analyzed with
Shapiro-Wilk test and Levene statistic for normality and homogeneity of variance, respectively. According
to situation, Paired-Samples t test or Signed rank Wilcoxon test was used to evaluate differences between
two groups. P value < 0.05 was considered statistically signi�cant. 

Results

Basic characteristics of the CHB patients with RA
27 (3.0%) RA patients were HBsAg-positive and enrolled in this study. Among these, seven patients
(25.9%) had HBV family history, seventeen patients (63.0%) had the HBV infection duration more than 10
years, and one patient (3.7%) had the RA duration more than 10 years (Table 1).
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Table 1
Basic characteristics of the RA patients with HBV infection

Variable Value

Age, years* 52.0 (28.0 – 74.0)

Gender, female (%) 19 (70.4)

Duration of RA, years* 3.0 (0.2 – 18.0)

> 10 1 (3.7)

1 ~ 10 19 (70.4)

< 1 7 (25.9)

HBV family history (%) 7 (25.9)

Duration of HBV infection, years  

> 20 11 (40.7)

10 ~ 20 6 (22.2)

1 ~ 10 2 (7.4)

Unknow 8 (29.6)

ALT, U/L* 15.0(7.0 – 476.0)

HBV DNA > 102IU/mL (%) 10 (37.0)

HBeAg-positive (%) 3 (11.1)

* The values were expressed as the median (range). Abbreviations: ALT, alanine transaminase; HBeAg,
hepatitis B e antigen; HBV, Hepatitis B virus; RA, rheumatoid arthritis.

Low proportions of HBeAg-positive and HBV DNA-positive in the CHB patients with RA

As shown in the methods, 108 age-and gender-matched CHB outpatients were enrolled from the
department of infectious disease over the same period in this case-control study. In the CHB patients with
RA, the proportion of HBeAg(+) was 11.1% (3/27), which was much lower than that of the matched CHB
patients (11.1% vs. 35.2%; OR = 0.128; 95% CI, 0.033 to 0.493; P = 0.003; Figure 1A). The titers of HBeAg
were lower in the RA patients compared with those of the CHB patients [-0.5 (-0.6 – 3.2) vs. -0.4 (-0.6 –
3.2), Z = -4.517, P < 0.001]. For three HBeAg(+) patients, the titers of HBeAg were 0.2, 1.4 and 3.2 Log10

s/co, respectively. The corresponding value for the 38 CHB patients were 1.6 (0.02 – 3.2) Log10 s/co
(Figure 1B).

The load of HBV DNA represents the degree of HBV replication. The positive rate of HBV DNA in the RA
patients was less than the matched CHB patients (37.0% vs. 63.9%; OR = 0.244; 95% CI, 0.089 to 0.674; P
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= 0.007; Figure 1C). In addition, HBV DNA load in the RA patients was lower than the CHB patients (1.5 ±
2.4 vs. 4.4 ± 3.3 Log10 IU/ml, t = -3.859, P = 0.001, Figure 1D).

The elevated ALT showed the hepatitis activity. Compared to the matched CHB patients, the proportion of
elevated ALT (>40U/L) was signi�cantly lower in the RA patients (11.1% vs. 35.2%; OR = 0.233; 95% CI,
0.066 to 0.824; P = 0.024; Figure 1E), together with the level of ALT (15.0 (7.0 – 97.0) vs. 22.0 (10.0 –
476.0), Z = -2.066, P = 0.039, Figure 1F).

Low prevalence of HBsAg and high prevalence of anti-HBc in RA patients

With respect to the rate of HBsAg-positive, the second Chinese National Hepatitis Seroepidemiological
Survey demonstrated that the rate was 7.2% in 2006 (Figure1A)[8]. Then, the Polaris Observatory
Collaborators developed models for 120 countries, and estimated that the China prevalence of HBsAg in
2016 was 6.1% (5.5% – 6.9%)[12]. Based on the included 27 studies, Wang et al. estimated prevalence of
6.89%(5.84 – 7.95%) for HBV infection in the general population of China from 2013 to 2017 [13]. In the
present work, 3.0% of RA patients (27/892) were HBsAg-positive. This is lower than the above reported
data (Figure 2A).

Anti-HBc positivity most occurs in chronic HBV infection or resolved infection[14]. The anti-HBc(+) rate
was 44.6% (398/892) in RA patients, higher than the data of Chinese National Hepatitis
Seroepidemiological Survey (44.6% vs. 34.1%, Figure 2B).

Discussion
For RA patients, the reported difference of the HBV infection rates may associate with the alteration of
HBV infection status after suffering from RA. To elucidate this issue, the current case-control study was
performed. Compared to the age-and gender-matched general CHB patients, low proportions of positivity
for HBeAg and HBV DNA were observed for the CHB patients with RA.

The HBeAg positivity often represents a high replicative phase of the chronic HBV infection, and HBeAg
loss is considered as a partial immune control of the chronic HBV infection[15]. In this study, the CHB
patients with RA exhibited lower positive rates of HBeAg and titers of HBeAg when comparing with the
matched CHB patients. HBV DNA directly indicates HBV replication. The positive rate of HBV DNA in the
CHB patients with RA was less than that of the matched CHB patients, as well the HBV DNA load. It
demonstrated that CHB patients with RA had more probability of HBeAg seroconversion and HBV DNA
load decline, which may associate with immune control after suffering from RA.

Immune dysregulation is the characteristics of RA. It plays a complicated role in HBV infection for
abnormal innate and adaptive immune activation of RA patients. First, the type I interferons (IFNs) play a
critical role in defending against HBV, and the type I interferon signature is detectable in the peripheral
blood of RA patients[16]. Second, CD8+ T cells are capable to control HBV infection and eliminate HBV
infected cells[17]. For RA patients, CD8+ T cells are abundant and associated with disease activity, due to
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pro-in�ammatory cytokines production[18] and self-antigens response upon cross-presentation[19]. Third,
the humoral immune response has protective role against pathogens[20]. Abnormalities in B cells not
only participates in pathogenesis of RA[21] (including production of autoantibody, presentation of
autoantigens and secretion of proin�ammatory cytokines)[22], but also affects HBV elimination.

The elevated ALT is an important characteristic of immune clearance[23], and inactive HBsAg carrying
status can be obtained after immune clearance. Compared to the matched CHB patients, low proportion
of ALT > 40U/L and low ALT levels were found for the CHB patients with RA. This suggested that CHB
patients with RA were more prone to obtain immune control for HBV after immune clearance.

HBsAg positivity is a de�nite HBV infection marker. In the present work, low HBsAg(+) rate of 3.0% was
found in the RA patients, which was consistent with the previous study[9]. Then, survey outcomes also
indicated that RA patients exhibited low HBsAg(+) rate according to the second Chinese National
Hepatitis Seroepidemiological Survey[8] and the estimated China prevalence of HBsAg[12, 13]. Hepatitis
B core antigen (HBcAg) is an inner nucleocapsid component, the production of anti-HBc is induced by a
cellular and humoral immune response to HBcAg during natural HBV infection. Anti-HBc positivity mostly
occurs in chronic HBV infection or resolved infection[14]. We found that the positive rate of anti-HBc was
44.6% in the RA patients, higher than the rate of Chinese general population from the China national
data[8]. Consistent with the previous studies[10, 11], the RA patients may have higher risk of HBV
infection in comparison with the general population, due to receiving disease modifying antirheumatic
drugs and complicated immunity related to the disease itself[4, 5]. During the natural history of HBV,
HBsAg seroclearance can emerge in 0.5 – 1.0% patients per year after immune clearance phase[24]. It
was expected that low positive rate of HBsAg suggested HBsAg seroclearance was more common in the
RA patients. The susceptible ages were different for RA and CHB patients. The mother-to-infant
transmission was the main route of HBV infection in China. HBV infected early in life, and conferred a
high risk of chronicity[25]. In contrast, RA occurred much frequently in the elderly women. Hence, RA was
supposed to be later than HBV infection for most patients. We speculated that HBV infection status
altered after suffering from RA. Among the 27 patients in this study, 62.9% of them had the HBV duration
more than 10 years, and 96.3% of them had the RA duration less than 10 years. This indicates that the
majority suffered from RA after HBV infection. After suffering from RA, HBV DNA declines, HBeAg and
even HBsAg lose as consequent.

Here, some limitations of the study were as follows: the numbers of patients were limited, a prospective
cohort study with large sample size is necessary to evaluate the difference in the natural history of
chronic HBV infection between RA and general CHB patients.

In conclusion, HBV infection status altered after suffering from RA. Compared to the matched CHB
patients, variations were signi�cant, including low positive proportions of HBeAg and HBV DNA, due to
immune dysregulation of RA patients.

Declarations



Page 8/10

Con�ict of Interest Statements: All the authors declare that they have no competing interests, and all
authors con�rm its accuracy.

Ethics approval: All procedures performed in this study involving human participants were in accordance
with the ethical standards of the institutional and/or national research committee and with the 1964
Helsinki declaration and its later amendments or comparable ethical standards. The study protocol was
approved by the ethics committee of the First A�liated Hospital of Xi’an Jiaotong University (No.
2019.013), and patients gave their written informed.

Consent of publication: not applicable.

Funding: The study was supported by the China National Natural Science Foundation (No. 81702119)
and the Shaanxi Province National Natural Science Foundation (No. 2018JQ8031).

Availability of data: The data in the current study are available from the corresponding author on
reasonable request.

Authors' contributions: JW and LH conceived of the presented idea. YJ, JJZ, PW and JZ acquired data in
the study. JZ, ML, NH and YW analyzed data. JW, YJ and JJZ drafted the paper, and all authors
discussed the results and contributed to the �nal manuscript.

Acknowledgments: We thank all individuals who have participated in this study. We thank Prof. Jinfeng
Liu for their support and help to this study, and Dr. Jiquan Liu for editing a draft of this manuscript.

References
1. Olivieri I, Palazzi C, Padula A: Hepatitis C virus and arthritis. Rheum Dis Clin North Am 2003,

29(1):111-122.

2. Sargin G, Kandemir A: Clinical Utility of Anti-Cyclic Citrullinated Peptid and Rheumatoid Factor in
Chronic Hepatitis B Virus Infection. Indian J Rheumatol 2018, 13(4):229-232.

3. Chen YL, Jing J, Mo YQ, Ma JD, Yang LJ, Chen LF, Zhang X, Yan T, Zheng DH, Pessler F et al:
Presence of hepatitis B virus in synovium and its clinical signi�cance in rheumatoid arthritis. Arthritis
Res Ther 2018, 20(1):130.

4. Listing J, Gerhold K, Zink A: The risk of infections associated with rheumatoid arthritis, with its
comorbidity and treatment. Rheumatology (Oxford) 2013, 52(1):53-61.

5. Singh JA, Cameron C, Noorbaloochi S, Cullis T, Tucker M, Christensen R, Ghogomu ET, Coyle D,
Clifford T, Tugwell P et al: Risk of serious infection in biological treatment of patients with
rheumatoid arthritis: a systematic review and meta-analysis. Lancet 2015, 386(9990):258-265.

�. Aba HO, Aminu M: Seroprevalence of hepatitis B virus serological markers among pregnant Nigerian
women. Annals of African medicine 2016, 15(1):20-27.



Page 9/10

7. Nelson NP, Easterbrook PJ, McMahon BJ: Epidemiology of Hepatitis B Virus Infection and Impact of
Vaccination on Disease. Clin Liver Dis 2016, 20(4):607-628.

�. Liang X, Bi S, Yang W, Wang L, Cui G, Cui F, Zhang Y, Liu J, Gong X, Chen Y et al: Reprint of:
Epidemiological serosurvey of Hepatitis B in China-Declining HBV prevalence due to Hepatitis B
vaccination. Vaccine 2013.

9. Yilmaz N, Karadag O, Kimyon G, Yazici A, Yilmaz S, Kalyoncu U, Kasifoglu T, Temiz H, Baysal B,
Tozun N: Prevalence of hepatitis B and C infections in rheumatoid arthritis and ankylosing
spondylitis: A multicenter countrywide study. Eur J Rheumatol 2014, 1(2):51-54.

10. Mahroum N, Watad A, Tiosano S, Hejly A, Mahagna H, Waknin R, Comaneshter D, Cohen AD, Amital
H: Chronic hepatitis B viral infection among RA patients-a cross-sectional control study. Clin
Rheumatol 2019, 38(5):1237-1241.

11. Hsu CS, Lang HC, Huang KY, Lin HH, Chen CL: Association of Rheumatoid Arthritis and Hepatitis B
Infection: A Nationwide Nested Case-Control Study From 1999 to 2009 in Taiwan. Medicine
(Baltimore) 2016, 95(18):e3551.

12. Polaris Observatory C: Global prevalence, treatment, and prevention of hepatitis B virus infection in
2016: a modelling study. Lancet Gastroenterol Hepatol 2018, 3(6):383-403.

13. Wang H, Men PX, Xiao YF, Gao P, Lv M, Yuan QL, Chen WX, Bai S, Wu J: Hepatitis B infection in the
general population of China: a systematic review and meta-analysis. Bmc Infectious Diseases 2019,
19(1).

14. Wang Q, Klenerman P, Semmo N: Signi�cance of anti-HBc alone serological status in clinical
practice. Lancet Gastroenterol Hepatol 2017, 2(2):123-134.

15. Papatheodoridis G, Vlachogiannakos I, Cholongitas E, Wursthorn K, Thomadakis C, Touloumi G,
Petersen J: Discontinuation of oral antivirals in chronic hepatitis B: A systematic review. Hepatology
2016, 63(5):1481-1492.

1�. Lubbers J, Brink M, van de Stadt LA, Vosslamber S, Wesseling JG, van Schaardenburg D, Rantapaa-
Dahlqvist S, Verweij CL: The type I IFN signature as a biomarker of preclinical rheumatoid arthritis.
Ann Rheum Dis 2013, 72(5):776-780.

17. Heim K, Neumann-Haefelin C, Thimme R, Hofmann M: Heterogeneity of HBV-Speci�c CD8(+) T-Cell
Failure: Implications for Immunotherapy. Front Immunol 2019, 10:2240.

1�. Carvalheiro H, Duarte C, Silva-Cardoso S, da Silva JA, Souto-Carneiro MM: CD8+ T cell pro�les in
patients with rheumatoid arthritis and their relationship to disease activity. Arthritis Rheumatol 2015,
67(2):363-371.

19. Petrelli A, van Wijk F: CD8(+) T cells in human autoimmune arthritis: the unusual suspects. Nat Rev
Rheumatol 2016, 12(7):421-428.

20. Burton AR, Pallett LJ, McCoy LE, Suveizdyte K, Amin OE, Swadling L, Alberts E, Davidson BR, Kennedy
PT, Gill US et al: Circulating and intrahepatic antiviral B cells are defective in hepatitis B. J Clin Invest
2018, 128(10):4588-4603.



Page 10/10

21. Volkov M, van Schie KA, van der Woude D: Autoantibodies and B Cells: The ABC of rheumatoid
arthritis pathophysiology. Immunol Rev 2020, 294(1):148-163.

22. Yap DYH, Chan TM: B Cell Abnormalities in Systemic Lupus Erythematosus and Lupus Nephritis-Role
in Pathogenesis and Effect of Immunosuppressive Treatments. Int J Mol Sci 2019, 20(24).

23. Fattovich G, Bortolotti F, Donato F: Natural history of chronic hepatitis B: special emphasis on
disease progression and prognostic factors. J Hepatol 2008, 48(2):335-352.

24. Chu CM, Hung SJ, Lin J, Tai DI, Liaw YF: Natural history of hepatitis B e antigen to antibody
seroconversion in patients with normal serum aminotransferase levels. Am J Med 2004,
116(12):829-834.

25. Yang Y, Jin L, He YL, Wang K, Ma XH, Wang J, Yan Z, Feng YL, Li YQ, Chen TY: Hepatitis B virus
infection in clustering of infection in families with unfavorable prognoses in northwest China.
Journal of medical virology 2013, 85(11):1893-1899.

Figures

Figure 1

The comparison of HBV infection status between the RA patients and the age-and sex-matched CHB
patients: (A) The comparison of HBeAg(+) rates; (B) The comparison of HBeAg titers; (C) The comparison
of different HBV DNA gradients rates; (D) The comparison of HBV DNA load; (E) The comparison of
elevated ALT rates; (F) The comparison of ALT levels. Abbreviations: ALT, alanine transaminase; CHB,
chronic Hepatitis B; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B
virus; RA, rheumatoid arthritis.

Figure 2

The comparison of HBsAg(+) rate and anti-HBc(+) rates between the RA patients and the Chinese general
population: (A) The comparison of HBsAg(+) rates; (B) The comparison of anti-HBc(+) rates.

*The CGP data: CGP in 2006[8], CGP in 2016[12] and CGP from 2013 to 2017[13]. Abbreviations: anti-
HBc, hepatitis B core antibody; CGP, Chinese general population; HBsAg, hepatitis B surface antigen; RA,
rheumatoid arthritis. 


