
Page 1/13

Risk of Hepatitis B Virus Reactivation in HBsAg-negative, Anti-HBc-
negative Patients Receiving Rituximab for Autoimmune Diseases in
Hepatitis B Virus Endemic Areas
Ting-Yuan Lan 

National Taiwan University Hospital Hsin-Chu Branch https://orcid.org/0000-0002-2827-1692
Yen-Chun Lin 

National Taiwan University Hospital Yun-Lin Branch
Tai-Chung Tseng 

National Taiwan University Hospital
Hung-Chih Yang 

National Taiwan University Hospital
Jui-Hung Kao 

National Taiwan University Hospital, Yun-Lin Branch
Chiao-Feng Cheng 

National Taiwan University Yun-Lin Branch
Tai-Ju Lee 

National Taiwan University Hospital
Shang-Chin Huang 

National Taiwan University Hospital Beihu Branch
Cheng-Hsun Lu 

National Taiwan University Hospital
Ko-Jen Li 

National Taiwan University Hospital
Song-Chou Hsieh  (  hsiehsc@ntu.edu.tw )

National Taiwan University Hospital

Research Article

Keywords: Hepatitis B virus reactivation, hepatitis B associated hepatitis �are, autoimmune diseases, rheumatoid arthritis, rituximab, anti-CD20
therapy, HBsAg-negative, occult hepatitis B infection, seronegative occult hepatitis B infection, hepatitis B virus screening

Posted Date: September 27th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-927997/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.   Read Full License

https://doi.org/10.21203/rs.3.rs-927997/v1
https://orcid.org/0000-0002-2827-1692
mailto:hsiehsc@ntu.edu.tw
https://doi.org/10.21203/rs.3.rs-927997/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/13

Abstract

Background
Rituximab is known to be associated with a high resolved hepatitis B virus (HBV) reactivation rate in patients with resolved HBV infection and
hematologic malignancy. However, data regarding HBV reactivation in rheumatic patients receiving rituximab is limited.

Aims
To assess the HBV reactivation in HBsAg-negative patients receiving rituximab for autoimmune diseases in a large real-world cohort.

Methods
From March 2006 to December 2019, 900 patients with negative HBsAg receiving at least one cycle of rituximab for autoimmune diseases in a
tertiary medical center in Taiwan were retrospectively reviewed. Clinical outcomes and factors associated with HBV reactivation were analyzed.

Results
After a median follow-up period of 3.3 years, 21 patients developed HBV reactivation, among which 17 patients were positive for anti-HBc and 4
were negative. Thirteen patients had clinical hepatitis �are, while 8 patients had HBsAg seroreversion without hepatitis. Old age, anti-HBc positivity,
and undetectable serum anti-HBs level at rituximab initiation were associated with HBV reactivation. There was no signi�cant difference in the HBV
reactivation risk between rheumatoid arthritis and other autoimmune diseases. Among anti-HBc-negative patients, subjects without HBV
vaccination at birth had an increased risk of HBV reactivation (4/368, 1.1%) compared with those who received vaccination (0/126, 0%).

Conclusions
In HBV endemic areas, patients with negative anti-HBc, especially those without vaccination at birth, were still at risk for HBV reactivation after
receiving rituximab. Regular monitoring of HBV serology should be considered for all HBsAg-negative patients receiving rituximab for autoimmune
diseases.

Introduction
Hepatitis B virus (HBV) infection is a major health issue in endemic areas such as Asian countries, and HBV reactivation (HBVr) is a life-threatening
complication.1 The risk of reactivation not only exists for patients with positive hepatitis B surface antigen (HBsAg); patients with resolved HBV
were also reported to have HBVr after chemotherapy or immunosuppressants, especially rituximab. A pooled analysis of studies revealed a 16.9%
reactivation rate in patients with resolved HBV receiving rituximab-containing chemotherapy.2

Rituximab is one of the most important immunomodulators in rheumatic diseases for its ability to deplete autoreactive B cells and subsequently
decrease autoantibody production. It has been approved to be used in rheumatoid arthritis (RA) and anti-neutrophil cytoplasmic antibody (ANCA)-
associated vasculitis by FDA and European regulatory agency. It is also widely used and investigated in severe autoimmune diseases, for example,
systemic lupus erythematosus, in�ammatory myositis, Sjogren’s syndrome, systemic sclerosis, and antiphospholipid syndrome.3–6 Patients with
autoimmune diseases may require long-term rituximab administration to maintain remission and prevent relapses, although the optimal dosing
timing and interval remain controversial due to the complex nature of autoimmune diseases.7,8 For HBsAg-positive rheumatic patients receiving
rituximab, the risk was as high as 30–60%, necessitating antiviral prophylaxis.9,10 However, for patients with resolved HBV, evidence was available
only in RA patients and the reported reactivation rates were inconsistent, ranging from 0 to 10%.11–16 In patients receiving rituximab for other
autoimmune diseases, the risk of HBVr remains unclear.

Therefore, this study aims to assess clinical outcomes and risk factors for HBVr in HBsAg-negative patients receiving rituximab for various
autoimmune diseases in a large real-world cohort.

Material And Methods

Study population
From March 2006 to December 2019, HBsAg-negative patients receiving at least one cycle of rituximab for autoimmune diseases at National
Taiwan University Hospital were retrospectively analyzed (Fig. 1). All patients underwent hepatic function surveillance every 1–3 months from
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rituximab initiation, and HBsAg and anti-HBs were measured when clinically indicated.

The details of rheumatic diagnosis, age, comorbidity, liver biochemical parameters (including serum aspartate aminotransferase [AST], alanine
aminotransferase [ALT], total bilirubin [T-bil]), viral hepatitis B markers (HBsAg, anti-HBs, anti-HBc), and immunoglobulin G were recorded. The
autoimmune diseases of individual patients were de�ned based on the updated classi�cation criteria. The study was approved by the Ethics
Committee of National Taiwan University Hospital (reference number 202010014RINB) in harmony with the Declaration of Helsinki.

The universal HBV vaccination program for all newborns started in Taiwan in 1986.17 All individuals who born after 1986 had received a 3-dose
course of HBV vaccination at birth. Strati�ed by their birth date, patients born before 1986 were classi�ed as “unvaccinated cohort”, while patients
born after 1986 were classi�ed as “vaccinated cohort” for analysis.

Rituximab treatment
All patients received the �rst cycle of rituximab, with 375 mg/m2 body surface area (BSA) weekly for four consecutive weeks for ANCA vasculitis, or
500–1000 mg rituximab twice within 14 days for other autoimmune diseases. Further cycles for treatment consisting of the same regimen were
repeated with a 6-12-month interval for maintenance as clinically indicated.

De�nition of HBV reactivation and HBV hepatitis �are
An HBV reactivation was de�ned as detectable HBV DNA or reappearance of HBsAg in the serum (HBsAg seroreversion). An HBV hepatitis �are was
de�ned as an ALT increase for more than 3 times of baseline level and > 100 U/L, with concurrent HBV reacviation.10

Viral hepatitis B markers testing
The cut-off value for hepatitis B surface antigen (HBsAg) positivity was 0.05 IU/mL or 1.0 S/CO (signal-to-cutoff ratio). The cut-off value for
positive hepatitis B surface antibody (anti-HBs) and hepatitis B core antibody (anti-HBc) 10 mIU/mL and 1.0 S/CO respectively. HBV viral load
quanti�cation was based on Roche Cobas TaqMan HBV DNA assay (detection limit at 20 IU/mL).

Statistical analysis
The results are presented as mean with standard deviation (SD) or median with interquartile range (IQR) for continuous variables. The chi-squared
test or Fisher’s exact test for categorical variables was used for between-group comparisons. For continuous variables, the Mann-Whitney U test or
Student’s t-test was used. The cumulative incidence strati�ed by different variables was calculated by Kaplan-Meier analysis and the signi�cance
was determined by log-rank test. A p-value less than 0.05 was considered statistically signi�cant. All data were analyzed by R version 4.0.3 (R
Foundation for Statistical Computing, Vienna, Austria).

Results

Study population
Nine hundred patients with a negative HBsAg were enrolled. 406 patients had positive anti-HBc and 494 patients had negative anti-HBc. The mean
age at rituximab initiation was 46.7 years, and 81% were female. The diagnoses of autoimmune diseases included rheumatoid arthritis (n = 129)
and other autoimmune in�ammatory rheumatic diseases (AIIRDs) (n = 771). The patient demographics, baseline hepatitis status, liver functions,
diagnoses, and concurrent disease-modifying antirheumatic drug exposures upon enrollment were summarized in Table 1.
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Table 1
Demographics, baseline characteristics and medication in HBsAg-negative patients with and without HBV reactivation

  Total

N = 900

HBV reactivation (+)

N = 21

HBV reactivation (-)

N = 879

p-value

Demographics, HBV serology and liver function at rituximab initiation

Age, year, mean ± SD 46.7 ± 14.5 55.5 ± 10.9 46.5 ± 14.5 0.005*

Female, n (%) 733 (81) 18 (86) 715 (81) 0.8

Anti-HBc positivity, n (%) 406 (45) 17 (81) 389 (44) < 0.001*

Baseline anti-HBs positivity, n (%) 247 (75) 3 (14) 244 (27) 0.008*

Baseline anti-HBs titers (mIU/mL), median (IQR) 40.2 (10.1-297.7) 6.5 (3.2, 26.7) 48.6 (12.1, 260.5) 0.06

HBV vaccination at birth, n (%) 137 (15) 0 (0) 137 (15) 0.06

Serum IgG (mg/dL), mean ± SD 1341.9 ± 492.5 1,241.1 ± 413.3 1,344.5 ± 494.3 0.087

ALT (U/L), median (IQR) 17 (12.0–23.0) 23.0 (19.0, 32.0) 17.0 (12.0, 23.0) 0.044*

AST (U/L), median (IQR) 21 (17.0–27.0) 21.0 (15.5, 29.0) 21.0 (17.0, 26.0) 0.2

Fibrosis-4 score, median (IQR) 1.01 (0.65–1.58) 1.22 (0.71–1.71) 1.01 (0.66–1.59) 0.1

Underlying autoimmune diseases, n (%)       0.8

Rheumatoid arthritis 129 (14) 2 (10) 127 (14) -

Vasculitis † 50 (6) 1 (5) 49 (6) -

Systemic lupus erythematosus 233 (26) 6 (29) 227 (26) -

Systemic sclerosis 28 (3) 1 (5) 27 (3) -

In�ammatory myositis 38 (4) 3 (14) 35 (4) -

Mixed connective tissue disease 15 (2) 0 (0) 15 (2) -

Sjogren’s syndrome 130 (14) 3 (14) 127 (14) -

IgG4-related disease 20 (2) 0 (0) 20 (2) -

Antiphospholipid syndrome 115 (13) 2 (10) 113 (13) -

Unclassi�ed connective tissue disease 69 (8) 1 (5) 68 (8) -

Other autoimmune disease ‡ 73 (8) 2 (10) 71 (8) -

Other immunosuppressant exposure during rituximab treatment, n (%)

Glucocorticoid 697 (77) 20 (95) 677 (77) 0.06

Hydroxychloroquine 704 (78) 15 (71) 689 (78) 0.4

Azathioprine 297 (33) 9 (43) 288 (33) 0.3

Sulfasalazine 137 (15) 2 (9.5) 135 (15) 0.8

Methotrexate 197 (22) 8 (38) 189 (22) 0.1

Mycophenolate mofetil 21 (2) 0 (0) 21 (3) > 0.9

Cyclophosphamide 93 (10) 4 (19) 89 (10) 0.3

Cyclosporine 23 (3) 0 (0) 23 (3) > 0.9

Le�unomide 122 (14) 3 (14) 119 (14) 0.7

* p < 0.05

† Includes ANCA vasculitis, cryoglobulinemic vasculitis and unclassi�ed vasculitis.

‡ Includes autoimmune hemolytic anemia, immune thrombocytopenia, autoimmune encephalitis, autoimmune peripheral neuropathy,
myasthenia gravis, multiple sclerosis and neuromyelitis optica spectrum disorders, autoimmune optic neuropathy, autoimmune pancreatitis,
autoimmune hepatitis, primary biliary cirrhosis, interstitial pneumonitis with autoimmune features, autoimmune thyroid disease, and rapid
progressive glomerulonephritis.
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Incidence of HBV reactivation
After a median follow-up period of 3.3 years (range: 0.5–13.9) and median cycles of rituximab of 5 (range: 1–32), 21 patients developed HBVr.
Among them, 17 patients were positive for anti-HBc and 4 were negative. 13 patients encountered clinical hepatitis �are, while 8 patients had
HBsAg seroreversion without hepatitis (Fig. 1). The incidence of HBV hepatitis �are was 3.4 per 1000 person-years (total follow-up 3797 person-
years).

Factors associated with HBV reactivation in HBsAg-negative patients.

Patients with HBVr had an older age (55.5 versus 46.5 years, p = 0.005), a higher proportion of anti-HBc positivity (81% versus 44%, p < 0.001), and a
lower proportion of anti-HBs positivity (14% versus 27%, p = 0.008) at rituximab initiation. There were no signi�cant differences in baseline IgG level,
concomitant use of glucocorticoids or other immunosuppressants during rituximab therapy (Table 1).

The multivariate Cox regression analysis demonstrated that old age (adjusted HR 1.05, p = 0.01) and presence of anti-HBc antibody (adjusted HR
11.7, p = 0.03) were associated with higher risk of HBVr, while anti-HBs positivity was associated with lower risk (adjusted HR 0.10, p = 0.002)
(Table 2).

Table 2
Univariate and multivariate Cox regression analysis for risk factors of HBV reactivation in HBsAg-negative patients

receiving rituximab for autoimmune diseases

  Univariate Multivariate

HR (95% CI) p value HR (95% CI) p value

Age 1.06 (1.03–1.10) < 0.001* 1.05 (1.01–1.09) 0.01*

Anti-HBc positivity 5.54 (1.86–16.5) 0.002* 11.7 (1.22–112) 0.03*

Baseline anti-HBs positivity 0.17 (0.04–0.68) 0.012* 0.10 (0.02–0.43) 0.002*

Baseline serum IgG level 1.00 (1.00–1.00) 0.3 - -

Other autoimmune diseases versus RA 2.16 (0.50–9.31) 0.3    

Concomitant glucocorticoid use during rituximab 5.18 (0.69–38.7) 0.11 5.95 (0.80–44.4) 0.082

RA = rheumatoid arthritis

Compared to RA patients, the diagnosis of other AIIRDs was not associated with a higher risk of HBVr (Fig. 2A, p = 0.29). Additionally, major AIIRDs
(with over 50 patients per disease in the study, including systemic lupus erythematosus, Sjogren’s syndrome, antiphospholipid syndrome, vasculitis,
and unclassi�ed connective tissue disease) were not associated with higher HBVr risks when compared with RA (Fig. 2B and Supplement Table 1).

In patients with positive anti-HBc, a positive anti-HBs antibody was associated with a lower risk of HBVr (HR 0.13, CI: 0.03–0.56). No signi�cant
associations were observed regarding age, baseline IgG level, different autoimmune diseases, and concomitant steroid use in the Cox proportional
hazard model (Supplement Table 2).

Clinical outcome of patients with HBV reactivation
Table 3 summarized the patient characteristics in 21 individuals of HBVr. The time to HBVr from the �rst rituximab ranged from 7 to 144 months
(median 58.5 months), and the median number of accumulated rituximab cycles was 5 (Table 3A).
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Table 3
A: Demographics, baseline characteristics and rituximab exposure of 21 patients with HBV reactivation

No Age†

/
Sex

Diagnosis Disease
duration
(year)

Baseline
IgG
(mg/dL)

Baseline
ALT

(U/L)

Anti-
HBc

Steroid
daily
dose
(mg)‡

Concomitant
immunosuppressant

Time from
�rst RTX to
HBV
reactivation
(months)

RTX

Cycle Accumulated
doses (mg)

1 57 /
F

AON 2.2 823 27 (-) 10 HCQ, CYC 23 5 5000

2 46 /
F

IIM 5.4 1030 22 (-) 2.5 HCQ 60 9 9000

3 69 /
F

PSS 8.0 1040 19 (-) 10 CYC, AZA, HCQ 66 11 11000

4 59 /
F

IIM 9.1 972 53 (-) 2.5 MTX 87 8 8000

5 35 /
M

APS 1.6 1570 44 (+) 26 CYC, HCQ 8 2 2000

6 37 /
F

SLE 9.2 1590 11 (+) 10 HCQ 76 5 5000

7 52 /
F

SLE 9.1 1120 11 (+) 2.5 HCQ 57 8 8000

8 71 /
F

SLE 1.3 1110 20 (+) 15 HCQ 12 3 3000

9 56 /
F

SLE 8.9 1220 18 (+) 10 HCQ 7 1 1000

10 65 /
F

RA 3.3 1300 28 (+) 2.5 MTX, SSZ 25 3 3000

11 58 /
F

IIM 0.8 846 58 (+) 15 MTX, HCQ 7 1 1000

12 52 /
F

PSS 6.8 844 11 (+) 2.5 HCQ, colchicine 80 3 3000

13 49 /
F

SLE 8.7 1350 16 (+) 0 HCQ, colchicine 64 10 10000

14 62 /
F

UCTD 14.2 n/a 42 (+) 10 ADA, LEF, HCQ 144 19 19000

15 66 /
F

SLE 22.7 1760 14 (+) 5 AZA, LEF 70 6 6000

16 55 /
F

APS 6 997 15 (+) 5 HCQ 67 9 9000

17 65 /
F

AE 6.2 1110 36 (+) 2.5 HCQ, CYC 62 8 8500

18 68 /
F

PSS 11.4 1300 21 (+) 2.5 LEF, HCQ 62 10 10000

19 68 /
M

SSc 7.8 2710 57 (+) 10 MTX, HCQ 48 3 3000

20 75 /
M

AAV 3.4 1140 30 (+) 5 HCQ 35 6 6000

21 68 /
F

RA 20.8 1090 28 (+) 5 LEF, SSZ, HCQ 25 4 4000

†Age at HBV reactivation. ‡ The dose was calculated as mean daily dose within one year before the time of reactivation.

AAV = anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis; ADA = adalimumab; AE = autoimmune encephalopathy; AON = 
autoimmune optic neuropathy; APS = antiphospholipid syndrome; CYC = cyclophosphamide; HCQ = hydroxychloroquine ; IIM = idiopathic
in�ammatory myositis; LEF = le�unomide; n/a = not available; PSS = primary Sjogren’s syndrome; RA = rheumatoid arthritis; SLE = systemic
lupus erythematosus; SSc = systemic sclerosis; UCTD = unclassi�ed connective tissue diseases; ; (+) = positive; (-) = negative
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Table 3
B: Clinical condition and outcome of 21 patients with HBV reactivation

No Clinical condition at HBV reactivation   Treatment and outcome after HBV reactivation

  Peak
ALT
(U/L)

Peak T-
bilirubin
(mg/dL)

HBV DNA

(IU/mL)

HBeAg IgG

(mg/dL)

  Antiviral
treatment

Clinical course Outcome Follow-
up time
from
reversion
(months)

1 1400 0.92 10,500,000 (+) 876   ETV Hepatitis resolved 9 months after
NUC use

Alive 49.2

2 127 1.01 > 
170,000,000

(+) 757   TAF Improved but persistent hepatitis
despite NUC use for a year; HBV viral
load decreased to 21300 IU/mL

Alive 12.3

3 1613 12.2 13,300,000 (+) 1100   ETV Liver decompensation despite NUC
use, resulting in morality 3 months
after seroreversion

Dead 3.4

4 279 0.83 123,000,000 (+) n/a   ETV Hepatitis resolved 6 months after
NUC use

Alive 43

5 147 0.89 > 
170,000,000

(+) 862   No Hepatitis spontaneously resolved Alive 33.6

6 255 0.76 74 (-) 1060   No Hepatitis spontaneously resolved
after 2 months

Alive 9.3

7 635 1.2 > 
170,000,000

(+) 1140   ETV Hepatitis resolved 6 months after
NUC use

Alive 17.1

8 748 0.69 3,590,000 (-) 835   ETV Hepatitis resolved 9 months after
NUC use

Alive 52.6

9 371 3.2 56,000 (-) 1190   ETV Liver decompensation and hepatitis
improved after NUC use for 2
months

Alive 50.9

10 104 1.2 31,300,000 (+) 1290   ETV Hepatitis resolved 3 months after
NUC. Recurrent episode of hepatitis
after 2 months, but HBV viral load
already decreased signi�cantly; the
hepatitis spontaneously resolved
again 2 months later.

Alive 22.2

11 175 0.80 428,00,000 (+) 942   No Hepatitis spontaneously resolved
after 3 months

Alive 13.2

12 114 0.48 70,800,000 (+) 963   ETV Hepatitis spontaneously resolved
after 2 months; Another episode of
hepatitis recurred after 15 months
with persistent elevated HBV viral
load, NUC was thus initiated

Alive 26.4

13 432 4.81 15200000 (+) 1150   TAF Hepatitis with hepatic
decompensation resolved after 3
months

Alive 5

14 21 0.35 261,000,000 (+) 657   No No clinical hepatitis Alive 7.0

15 20 n/a n/a n/a 1510   No No clinical hepatitis Alive 4.3

16 23 n/a n/a n/a 893   No No clinical hepatitis Alive 5.9

17 13 n/a 108,000,000 (+) 742   No No clinical hepatitis Alive 8.4

18 16 n/a 71,000,000 (+) 990   No No clinical hepatitis Alive 8.0

19 19 0.45 4,100,000 (+) n/a   ETV No clinical hepatitis Alive 2.2

20 15 n/a n/a n/a 597   No No clinical hepatitis Alive 4.6

21 20 0.74 38,200,000 (+) 699   ETV No clinical hepatitis Alive 13.2

ETV = entecavir; T-bilirubin = Total bilirubin; n/a = not available; NUC = nucleot(s)ide analogue; TAF = tenofovir alafenamide; (+) = positive; (-) = 
negative
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Ten out of 13 patients with hepatitis received nucleoside analogs (NUC), either entecavir or tenofovir alafenamide. Among these patients, 8 had
resolved hepatitis within 3–9 months, 1 had persistent hepatitis, and 1 died from hepatic failure. The other 3 patients with hepatitis did not receive
NUC, but their hepatitis resolved spontaneously within 2–3 months after discontinuation of rituximab. In patients who developed HBsAg
seroreversion without hepatitis, 6 did not receive NUC and did not develop hepatitis after a median follow-up of 9.2 months from seroreversion
(range: 4.3–19.2) (Table 3B).

HBV reactivation in patients with negative anti-HBc antibody
Four patients developed hepatitis �are among 494 anti-HBc-negative individuals (patient no. 1–4 in Table 3). In addition to a negative IgM-anti-HBc
and high viral loads at reactivation, all patients did not have a recent blood transfusion or unprotected sexual behaviors, which suggested that they
had HBV reactivation rather than acute HBV infection. The detailed clinical courses of these patients were summarized in Fig. 3. One patient
(patient no. 3) developed hepatic failure and died 3 months after HBVr, while the hepatitis �are of the other three patients resolved with anti-viral
therapy.

No predominant clinical features were observed in these four patients, except that they did not receive prior HBV vaccination. Strati�ed by the
vaccination status based on their birth date, anti-HBc-negative patients without HBV vaccination had a higher HBV hepatitis �are rate (4/368, 1.1%)
than those with prior vaccination (0/126, 0%).

Discussion
In this study, 21 out of 900 HBsAg-negative patients developed HBVr after rituximab treatment for their autoimmune diseases after a median follow-
up of 3.3 years. There were 13 (1.4%) hepatitis �ares and 8 HBsAg seroreversion without hepatitis. While most of the reactivation developed in
patients with positive anti-HBc antibody (n = 17), four reactivation events were observed in anti-HBc-negative individuals. Strati�ed by vaccination
status (whether receiving HBV vaccination at birth), anti-HBc-negative patients without vaccination were more likely to have reactivation (4/368)
than patients with vaccination (0/126).

Current consensus and expert opinions recommended HBV status assessment before initiation of immunosuppressive therapy to stratify the
patients’ risk of HBVr. In cases of positive HBsAg or anti-HBc, either initiating anti-viral prophylaxis or close monitoring should be provided.10,18,19

However, our study revealed that patients in HBV endemic areas with negative anti-HBc, who should presumably be naïve to HBV infection, were
also at risk of HBVr. This �nding is consistent with a prospective study from Japan, which reported three RA patients with negative anti-HBc having
HBVr after receiving immunosuppressants.20 In HBsAg-negative patients, one possible mechanism of HBVr after rituximab treatment is the
presence of replication-competent HBV DNA in liver or blood, which is known as the de�nition of occult HBV infection (OBI). Considering the liver
sample is not available in most patients and the �uctuation of serum HBV DNA level, anti-HBc is the commonly used surrogate marker for
diagnosing OBI. However, the absence of anti-HBc does not exclude OBI in HBV endemic area.21 This is supported by epidemiologic studies in
Taiwan and Iran, where the OBI is observed in 4.8–16% patients with negative anti-HBc.22,23 Recent studies also reported that 1–20% OBI patients
are “seronegative” (negative anti-HBc and negative anti-HBs), which is possibly caused by a progressive loss of HBc and HBs antibodies over
time.21,24,25 In addition, a study in Taiwan showed that universal HBV vaccination at birth decreased OBI prevalence; in anti-HBc-negative patients
without vaccination, the OBI prevalence is as high as 4.8%, in contrast to 0% with HBV vaccination.22 Our data also showed that, the “unvaccinated
group” had higher HBVr rate (4/368, 1.1%) compared to that in the vaccinated group (0/126). Therefore, we believe that a certain amount of anti-
HBc-negative patients, especially those without prior vaccination in HBV-endemic area, may have OBI, like the four anti-HBc-negative patients with
HBVr in our study. While the de�nite diagnosis of OBI is sometimes challenging at HBV-endemic area, the risk of HBVr in patients with seronegative
OBI should not be overlooked. Regular follow-up of HBV serology should be considered in these patients, when they are going to receive high-risk
agents such as rituximab.

Previous studies regrading rituximab-associated HBVr primarily focused on patients with hematologic malignancies and RA, and the data of other
autoimmune diseases are scarce.2,11−13 It was reported that systemic autoimmune diseases, such as systemic lupus erythematosus (SLE), had
higher rates of opportunistic infections than RA.26 A retrospective study also revealed 3/157 (1.9%) anti-HBc-positive patients with SLE experiencing
HBsAg seroreversion after receiving immunosuppressants.27 Our study show that the HBVr rate is numerically higher in patients with some
autoimmune diseases (including SLE, Sjogren’s syndrome, antiphospholipid syndrome and vasculitis) compared to RA, but the difference was
statistically insigni�cant (Fig. 2B and Supplement Table 1).

We found the absence of serum anti-HBs antibody at rituximab initiation associated with HBVr, consistent with the previous reports.12,13 While
hypogammaglobulinemia was reported as a predictor for severe infection in rheumatic patients receiving rituximab, we did not �nd signi�cant
correlations between the baseline IgG and the HBVr. 28 Taking the above �ndings, it is postulated that the vitality of anti-HBs-secreting plasma cell
clones and the serum level of anti-HBV immunoglobulin, as re�ected by anti-HBs, might serve as a better indicator of anti-HBV immunity than the
overall status of humoral immunity (judging by baseline IgG). Rituximab induces peripheral B cell depletion, which leads to the loss of anti-HBs,
might explain the higher HBVr rates in individuals receiving rituximab. However, further translational studies are required to explore this concept.
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Although the concurrent steroid use with other biologics increase the risk of HBVr in RA patients with chronic HBV, the impact of steroid in HBsAg-
negative patients remains controversial.29,30 In our study, all patients with HBVr received mean daily steroid dose less than 10mg, and the
concomitant steroid use with rituximab is not associated with HBVr in Cox regression analysis. Nonetheless, given the variable course of steroid
treatment during long follow-up period, the effect of steroid and duration were di�cult to clarify.

There are a few limitations in this study. First, there were some missing data regarding the HBV serology, due to the retrospective study design and
the lack of universal monitoring strategy for HBV during study period (from 2006 to 2019). The incidence of HBVr without hepatitis might be
underestimated, especially for anti-HBc-negative patients, whose HBV serology was rarely regularly checked. Nonetheless, because the liver function
tests were monitored at a 1 to 3-month interval for every patient, events of HBV-associated hepatitis were not likely to be missed. Secondly, the HBV
viral load at rituximab initiation was not available for most of the patients. Although single HBV DNA measurement is not su�cient to exclude OBI
in HBV endemic areas, combining HBV viral load and prior HBV vaccination status may stratify patients’ risk better for anti-HBc-negative
individuals. Further studies are required to explore this hypothesis. Finally, the number of patients with some rheumatic diagnoses were limited,
making detailed analysis and comparison in these patients di�cult.

In conclusion, anti-HBc-negative patients, especially those without vaccination at birth, were still at risk of HBV reactivation after receiving rituximab
for their autoimmune diseases. Risk strati�cation based on HBsAg and anti-HBc at rituximab initiation is insu�cient to identify all patients at risk in
HBV endemic areas, where occult HBV is prevalent. Therefore, HBV serology follow-up should be considered for all HBsAg-negative patients
receiving rituximab for autoimmune diseases.
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Figures

Figure 1

Patients with negative HBsAg receiving at least one cycle of rituximab for various rheumatic diseases were enrolled. In addition to anti-HBc-positive
patients, four out of 368 (1.1%) anti-HBc-negative patients who did not have HBV vaccination at birth had HBV hepatitis �are.
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Figure 2

Cumulative incidence of HBV reactivation strati�ed according to different autoimmune diseases. (A) Comparison between rheumatoid arthritis (RA)
and other autoimmune in�ammatory rheumatic disease (AIIRD). (B) Comparison between six AIIRDs (n>50 for each individual diagnoses), including
RA, antiphospholipid syndrome (APS), systemic lupus erythematosus (SLE), Sjogren syndrome and unclassi�ed connective tissue disease (UCTD).

Figure 3

The clinical course of four anti-HBc-negative patients experiencing HBV hepatitis �are (patient no. 1-4 in table 1). (A) A 57-year-old woman
diagnosed with autoimmune optic neuropathy had HBV-associated hepatitis �are after 5 cycles of rituximab. (B) A 46-year-old woman with
in�ammatory myositis; prior to HBV reactivation, there was an episode of ALT elevation with spontaneous resolution attributed to her myositis
disease �are at that time. (C) A 69-year-old woman with Sjogren syndrome and interstitial lung disease had hepatitis �are and died from hepatic
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decompensation. (D) A 59-year-old woman with in�ammatory myositis also had an episode of ALT elevation attributed to her myositis diseases
�are prior to HBV reactivation. ETV = entecavir; TAF = tenofovir alafenamide; RTX = rituximab.
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