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Introduction
The discovery and subsequent introduction into clinical practice 

of tumor necrosis factor alpha (TNF-α) blockers in the late 90s’ of the 
past century verged on a “Copernican Revolution” in comparison with 
the canonical therapeutic strategy of chronic inflammatory systemic 
diseases such as Rheumatoid Arthritis (RA), Psoriatic Arthritis (PA), 
Ankylosing Spondylitis (AS) and Inflammatory Bowel Diseases (IBD) 
and related disorders. The natural course of these diseases and the lives 
of affected individuals were dramatically improved by these biological 
drugs. However, since their initial clinical applications, reactivation of 
latent infections as severe as tuberculosis and hepatitis B was observed 
in some patients, as a consequence of the systemic immunosuppressive 
effects (suppressed cell-mediated immunity plus cytokine unbalance 
between TNF-α and interferon-gamma) of TNF-α blockers.

HBV Biology
Hepatitis B Virus (HBV) is a member of Hepadnaviridae 

(hepatotropic DNA virus) family. Hepadnaviruses have a strong 
preference for infecting liver cells, but small amounts of hepadnaviral 
DNA can be found in kidney, pancreas, and mononuclear cells. HBV 
virions are double-shelled particles, 40 to 42 nm in diameter with 
an outer lipoprotein envelope that contains three related envelope 
glycoproteins (or surface antigens). Within the envelope is the viral 
nucleocapsid, or core. The core contains the viral genome, a relaxed-
circular, partially duplex DNA of 3.2 kb, and a polymerase that is 
responsible for the synthesis of viral DNA in infected cells. DNA 
sequencing of many isolates of HBV has confirmed the existence 
of multiple viral genotypes, each with a characteristic geographic 
distribution [1]. It is classified in 10 different genotypes (A–J). After 
viral transmission-either perinatal, sexual or percutaneous-the virus 
enters hepatocytes and its DNA is converted to the covalently closed 
circular form (cccDNA) in the nucleus of these cells [2,3]. This form 
of DNA, which serves as the transcriptional template for a number 
of different viral mRNAs coding for HBV proteins [hepatitis B core 

antigen (HBcAg), hepatitis B surface antigen (HBsAg), hepatitis B e 
antigen (HBeAg), DNA polymerase, HBV X protein (HBx)] has the 
ability to persist in infected hepatocytes for long periods of time, 
even after viral clearance (spontaneous or treatment-induced). This 
persisting hepatic reservoir of HBV DNA is responsible for the viral 
reactivation during immunosuppressive therapy that occurs in a small 
proportion of patients with past or resolved HBV infection.

HBV and the Immune System
In adults infected with HBV, following a short period (lasting 

weeks) when the virus remains hidden from the host immune system, 
strong innate (involving natural killer (NK) and natural killer T 
(NKT) cells) and adaptive (mainly through CD8+ T cells) immune 
responses are mounted against infected hepatocytes expressing HBV 
antigens. Non-cytolytic and cytolytic immune-mediated mechanisms 
of viral clearance are engaged in this process, including the action of 
different cytokines such as interferons (IFN-α, IFN-β and IFN-γ), 
TNF and IL-6. In the majority (>95%) of adults infected with HBV, 
host immune responses are able to eradicate the virus [4-6]. On 
initial hepatocyte infection, viral replication leads to the production 
of various proteins. These foreign proteins undergo intracellular 
processing and are presented by the HLA class I pathway. Cytotoxic 
(CD8α) T lymphocytes bind to the HLA class I complex and with 
appropriate co-stimulation initiate a robust immune response to 
the virus [7]. Intrahepatic HBV-specific CD8 T cells are required for 
rapid viral clearance during acute HBV infection. In addition, other 
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Abstract
The use of TNF-α inhibitors, nowadays widely employed as first choice drugs for the therapy of chronic 

inflammatory diseases such as Rheumatoid Arthritis (RA), Psoriatic Arthritis (PA), and Inflammatory Bowel Diseases 
(IBD), may be associated to reactivation of HBV infection. In this review we summarized the case reports/series and 
prospective/retrospective studies focusing on this topic, and analyzed the guidelines of the major scientific societies 
dealing with this problem. Reactivation may occur mainly in HBV inactive carriers positive for HBsAg; the likelihood 
of reactivation is lower in HBsAg positive subjects with low DNA level (<2000 UI/L) and rare in HBsAg negative 
patients. Anti-TNF-α candidate patients should be screened for HBV serum markers. On the basis of HBV serology, 
it is possible to suggest different therapeutic strategies. In patients with chronic hepatitis B infection it is necessary 
to start an appropriated antiviral therapy and adequate follow-up. Inactive HBsAg carriers must be treated with HBV 
prophylactic agents. Patients with resolved hepatitis B should be tightly monitored for elevation of liver enzymes and 
HBV DNA levels. All HBV negative patients should receive vaccination before starting anti-TNF-α treatment.
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reports suggest the existence of dual antiviral functions that overlap 
temporally during natural acute HBV infection: a primarily non-
cytolytic CD8-dependent mechanism that may be mediated by the 
secretion of cytokines and a primarily cytolytic mechanism that clears 
the remaining infected cells [8]. These responses involve both major-
histocompatibility-complex (MHC) class II–restricted, CD4+ helper T 
cells and MHC class I–restricted, CD8+ cytotoxic T lymphocytes. The 
mechanisms by which cytotoxic T lymphocytes kill liver cells and cause 
viral clearance have been incisively investigated in transgenic mice that 
express viral antigens or contain replication competent viral genomes 
in the liver. It is striking that, in this model, the number of hepatocytes 
killed by direct engagement between cytotoxic T lymphocytes and their 
targets is very small and clearly insufficient to account for most of the 
liver damage. This suggests that much of the injury is due to secondary 
antigen-nonspecific inflammatory responses that are set in motion by 
the response of the cytotoxic T lymphocytes [1]. Selected inflammatory 
cytokines, potentially derived from the HBV-specific T cells and the 
inflammatory cells that they recruit, might contribute to viral clearance 
and/or disease pathogenesis by modulating hepatocellular HBV 
gene expression during naturally acquired infection [9]. A vigorous, 
multispecific CD4 and CD8 response is associated with viral clearance. 
In individuals with chronic hepatitis B infection, the HBV specific 
CD4 and CD8 response is insufficient; and can cause a persistent 
inflammatory response that is ineffective for hepatitis B virus clearance 
[10]. Although non-cytolytic inhibition of HBV replication by CD8+ T 
cell-derived antiviral cytokines is sufficient to prevent the production 
of new virus particles and, therefore, viral spread, complete viral 
clearance from the liver requires elimination of the cccDNA nuclear 
episome that serves as the transcriptional template of the virus in 
infected cells. The immunological response reduces the pool of cccDNA 
molecules non-cytolytically, probably by eliminating their circular 
DNA precursors and perhaps by destabilizing them. The second step 
enhances this process by destroying infected hepatocytes and triggering 
their turnover. However, despite this multipronged response, traces of 
cccDNA persist indefinitely in the liver, likely providing a continuous 
antigenic stimulus that confers lifelong immunity [11].

TNF-α
This cytokine exists in: i. a membrane-bound form that participates 

in cell-to-cell interactions, activating other effector cells such as 
neutrophils or macrophages involved in an immune response and also 
may play a role with its receptor to down-regulate an immune response 
after a pathogen has been cleared [12]; ii. a soluble form that increases 
the expression of adhesion molecules, stimulates the release of other 
cytokines like interleukin-1 (IL-1) and interleukin-6 (IL-6), and can 
induce apoptosis [13,14]. The physiologic effects of TNF-α are exerted 
through two receptors (TNFR), TNFR-p55 (CD120a) and TNFR-p75 
(CD120b) [15]. Both receptors are expressed on the membrane of most 
cells, giving TNF-α diverse biologic effect [14]. As with TNF-α, the two 
TNFR exist in two forms, i. a membrane-bound receptor, that upon 
binding activates nuclear factor-α B (NFα B), triggering the release 
of inflammatory cytokines [16]; ii. a soluble form that upon binding 
attenuates the bioactivity of TNF-α [17]. Increased expression of both 
forms of TNFR can be found in response to various inflammatory 
disease states [15,18]. Several studies [19-22] have confirmed that one 
of the most important roles of TNF-α is the clearance and containment 
of latent infections. Much evidence has been gained upon introduction 
of TNF-α inhibitors into clinical practice. For example, a direct 
consequence of TNF-α inhibition is impaired granuloma formation 

due to suppressed cell-mediated immunity: this is the mechanism at the 
base of the reactivation of latent infections with both Mycobacterium 
tuberculosis (TB) and histoplasmosis [14,23]. An indirect consequence 
of TNF-α inhibition is the creation of a cytokine imbalance with 
Interferon (IFN). In fact TNF-α acts synergistically with IFN-γ to 
eradicate or contain infection by TB and histoplasmosis: IFNγ without 
TNF-α lacks the potency to successfully contain the initial infection by 
such organisms.

HBV and TNF-α
T-helper (Th) 1-type cytokines, including IL-2, IFN-γ, and TNF-α, 

are involved mainly in cell-mediated immunity and play a crucial role 
in protection from intracellular pathogen. The importance of TNF-α 
in immunological control of hepatitis was demonstrated by different 
studies; in 1992 Gilles et al. [24] demonstrated a 70% reduction in 
the hepatic steady-state content of a 2.1-kb HBV mRNA following 
administration of a single nontoxic dose of tumor necrosis factor 
alpha. In 1994 Guidotti et al. [9] demonstrated that in the hamster 
IL-2, a cytokine for which the hepatocyte lacks receptors, can down-
regulate hepatocellular HBV gene expression by an indirect, non-
cytopathic process that is mediated by TNF-α. Regulatory effect of IL-2 
was virtually completely abolished by prior administration of anti-
TNF-α monoclonal antibodies. Hepatic HBV gene expression was also 
down-regulated by IFN-α and IFN-β administration, but only when 
they were injected repetitively and at high dose levels. Interestingly, 
the effect of IFN-β was not counteracted by repetitive injection of a 
neutralizing dose of anti-TNF-α monoclonal antibodies, suggesting 
that IFN-α and IFN-β inhibit HBV gene expression by a TNF-α 
independent pathway [9]. In 1996 Romero et al. [25] used a construct 
where HBV core/pregenomic (C/P) promoter and associated cis-acting 
elements were placed upstream of a luciferase-encoding plasmid. This 
reporter construct was transfected into cytokine-sensitive hepatoma 
cells which were exposed to stimulated mononuclear cell-conditioned 
medium or human recombinant cytokines. TNF-α, IFN-γ, and IFN-α 
each reduced luciferase activity by 40%. Combinations of TNF-α and 
interferons mimicked the extent of conditioned medium inhibition 
(80%) [25]. This study suggested the hypothesis that the action of 
cytochine may aid in viral clearance by suppressing virus production 
but also leading to diminished viral production and antigen synthesis 
that may result in persistent infection because of inadequate immune 
stimulation. Finally, variation between individuals in levels of TNF-α 
has been attributed to polymorphisms in the TNF-α promoter and 
their corresponding extended human leukocyte antigen haplotypes. 
TNF-α promoter polymorphism has been reported to be associated 
with the development of chronic HBV infection [26,27]. 

Anti-TNF-α Agents
To date, five TNF-α inhibitors have been approved by the United 

States Food and Drug Administration (FDA) for treatment of RA: 
infliximab (Remicade), etanercept (Enbrel), adalimumab (Humira), 
certolizumab (Cimzia), and golimumab (Simponi). INF is a chimeric 
(human–murine) IgG1 anti-TNF-α antibody that is administered 
intravenously. It binds with high affinity to soluble and membrane-
bound TNF-α and inhibits its effect by blocking TNF-α-receptor 
interactions. Unlike the other agents, INF is also cytotoxic for TNF-
expressing cells [28]. ETA, a soluble TNF-receptor fusion protein, is 
composed of two dimers, each with an extracellular, ligand-binding 
portion of the higher-affinity type 2 TNF receptor (p75) linked to the Fc 
portion of human IgG1. This fusion protein binds to both TNF-α and 
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TNF-β, thereby preventing each from interacting with its respective 
receptors [17]. ADA is a recombinant humanized monoclonal anti–
TNF-α antibody that is administered subcutaneously. It binds to 
human TNF-α with high affinity and, as a consequence, stops the 
cytokine from binding to its receptors [28]. CZ pegol is a pegylated 
humanized Fab fragment of an anti-TNF monoclonal antibody with 
high affinity for TNF-α. CZ pegol does not contain an Fc portion and 
therefore does not induce in vitro complement activation, antibody-
dependent cellular cytotoxicity, or apoptosis [29]. GOL is a highly stable 
human IgG1 TNF-α antagonist monoclonal antibody with high affinity 
and capacity to neutralize human TNF-α. It binds with high affinity 
and specificity to both soluble and transmembrane forms of TNF-α, 
thereby neutralizing the biological activity of TNF-α. It is produced by 
a murine hybridoma cell line with recombinant DNA technology [30].

Prevalence of HBV Infection in the General Population 
and in Patients Treated with Anti-TNF-α

One third of the world’s population has serological evidence of past 
or present infection with HBV and 350-400 million people are chronic 
HBsAg carriers [31]. The global prevalence of HBsAg varies greatly 
and countries can be defined as having a high, intermediate or low 
prevalence of HBV infection based on a prevalence of HBsAg carriers 
of >8%, 2% to 7%, or <2%, respectively [32]. In the past, a significantly 
higher prevalence of HBV infection in IBD patients than in controls 
has been reported [33], whereas results from recent Italian studies 
[34,35] show that HBV infection rates in IBD patients are comparable 
to or even lower than rates among the general Italian population. This 
trend is confirmed by a Spanish multicenter study [36]. Alike, another 
study [37] demonstrated that the prevalence of HBV and HCV in a 
population with polyarthritis suggestive of RA was not greater than the 
general population in the same geographic area. PA are another group 
involved in the use of anti-TNF-α therapy. There are no definitive data 
about association between psoriasis and hepatitis B, but in a recent 
report from U.S. population psoriasis was not significantly associated 
with increased HBV [38,39]. 

Aim of this article is to review the literature reporting i. the clinical 
studies and cases describing the risk of reactivation of HBV infection 
in patients undergoing anti-TNF-α treatment, and ii. the management 
and prophylaxis of HBV reactivation in patients receiving anti-TNF-α 
agents.

Materials and Methods
A review of the literature published in English, Spanish, Italian 

or French languages between 2000 and 2014 was performed using 
PubMed (http://www.ncbi.nlm.nih.gov/PubMed) and the Medline 
database through Ovid (http://gateway.ovid.com). Our research 
screened articles of Adults: 19+ years, using the keywords “tumor 
necrosis factor” and “hepatitis B” as well as the currently approved 
FDA TNF-α inhibitors “infliximab”, “etanercept”, “adalimumab”, 
“golimumab” and “certolizumab”. As exclusion criteria we used the 
terms “lymphoma”, “chemoradiotherapy”, “leukemia”, “rituximab”, 
“tocilizumab”. Articles were selected if the titles and/or abstracts 
suggested the focus on the use of at least one TNF-α blocker in patients 
with exposure to hepatitis B virus (HBV). We took into account all 
the case reports and clinical studies with patients treated by anti-
TNF-α agents that resulted infected by HBV, we analyzed the principal 
guidelines connected with use of anti-TNF-α and HBV. Additional 
articles of interest were selected from the bibliographies of articles 
retrieved using this search.

Results
Risk of HBV reactivation in patients with chronic HBV 
infection receiving anti-TNF-α agents

HBV reactivation is defined by: i. reappearance of active 
necroinflammatory disease of the liver in a person known to have the 
inactive HBsAg carrier state or resolved hepatitis B [32]; ii. HBeAg 
or HBsAg negative reverse seroconversion [40]; iii. virological 
breakthrough defined as a confirmed increase in HBV DNA level of 
more than 1 log10 IU/ml compared to the nadir (lowest value) HBV 
DNA level on therapy; it may precede a biochemical breakthrough, 
characterized by an increase in ALT levels [31]. The clinical course is 
highly variable, possibly leading to acute, fulminant liver failure. The 
risk of reactivation is correlated to the virological/serological state of 
patients. Cases have been reported in HBsAg positive patients, but 
there have also been cases of patients who are HBsAg negative and only 
anti-HBc positive. Eleven years have passed since description of the 
first three cases of HBV reactivation during therapy with anti-TNF-α 
agents [41-43]. Cases of HBV reactivation in patients treated by anti-
TNF-α agents reported in literature are associated to the use of INF, 
ETA and ADA. There are no case reports of reactivation of HBV with 
GOL or CZ pegol; however, as these are newer TNF-α antagonists, the 
risk of reactivation would be expected to be a class effect. 

We have divided the results of literature search into: case reports/
case series and prospective/retrospective studies; patients were divided 
in three categories, using the classification proposed by the American 
Association for the Study of Liver Diseases (AASLD) guidelines [32] 
in Table 1. We have reported the studies and the cases described in 
literature in Table 2 and Table 3, respectively. 

Here we describe the prospective and retrospective clinical studies 
summarized in Table 2.

Chung SJ et al. [44] in 2009 conducted a retrospective study on 
medical records of 103 Korean patients, seen at the Division of 
Rheumatology, Gangnam Severance Hospital, Seoul, Korea, between 
January 2006 and September 2008. Of the 103 patients, 8 (3 with RA 
and 5 with AS) were inactive HBsAg carriers and had normal ALT/AST 
levels and undetectable HBV DNA, the HBeAg was negative and anti-
HBe positive. 4 patients received ETA, 2 INF and 2 ADA. There was 
only 1 reactivation during INF therapy that responded to interruption 
of INF and therapy with entecavir. 

Charpin C et al. [45] in 2009 studied the safety of TNF-α-blocking 
agents in rheumatic patients in a prospective study conducted between 
2005 and 2006 in France, where patients were screened for HBV markers 
before the initiation of anti-TNF-α therapy for RA or Spondyloarthritis 
(SpA); 21 patients with HBV serology indicating spontaneously 
resolved hepatitis B (HBsAg negative, anti-HBc antibodies positive, ± 
anti-HBe antibodies positive) were enrolled. The mean age was 57.7 ± 
2.7 years, 12 patients suffered from RA, 5 from PA, and 4 from SpA; 
4 patients were treated with INF, 14 with ETA, and 3 with ADA. No 
hepatitis B reactivation, as defined by HBsAg or HBV DNA detection, 
was observed at the end of the study. 

In 2010 Caporali et al. [46] reported the results of a prospective 
study conducted from January 2001 to December 2008. 732 consecutive 
patients affected by inflammatory arthropathies started treatment with 
anti-TNF-α at 2 outpatient rheumatologic clinics in Northern Italy and 
they were all tested for HBV markers. Inclusion criteria: diagnosis of 
RA, SpA or PA; documented anti-HBc positivity; no evidence of active 
HBV replication before anti-TNF-α treatment; patients in treatment 
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with anti-TNF-α (INF, ETA or ADA). Anti-HBc carriers were 
prospectively followed up for HBV reactivation (defined as HBsAg 
appearance and/or detectable HBV DNA in the serum). Seventy two 
patients identified as anti-HBc carriers (anti-HBc positive 67, anti-HBe 
positive 21, anti-HBs positive 28) were enrolled but 5 of them were 
excluded from the study because HBsAg positive; the mean age was 
57.36 ± 12.63 years and no patients presented detectable HBV DNA at 
enrollment. During the study none received prophylaxis but none had 
HBV reactivation. The majority of patients received also methotrexate 
(51 patients) and prednisolone (43 patients). No specific data about 
the five HBsAg positive patients were provided but they were treated 
with lamivudine before and during anti-TNF-α and apparently had no 
reactivation.

A retrospective study conducted on medical records from January 
2002 to May 2008 was reported by Kim YJ et al. [47] in 2010. The study 
was carried out at the Hospital for Rheumatic Diseases, Hanyang 
University, Korea and included all patients that received anti-TNF-α 
during this period. The mean age was 51.17 ± 13.45 years, the total 
of patients with anti-HBc were 88. In this study the elevation of 
aminotransferase was used as the single biomarker of HBV reactivation 
during therapy with anti-TNF-α (INF, ETA, ADA). Of the 88 patients, 
14 had abnormal liver function test, in multiple logistic regression 
analysis only HBV infection was a significant risk factor for elevation 
of aminotransferase.

Vassilopoulos D et al. [48] in 2010 conducted a prospective study in 
an outpatient rheumatology clinic in Greece, with a medium follow-up 
of 2 years, and controls every 2-3 months. 131 patients were enrolled, 

only 33 with previous HBV infection and a rheumatic disease: RA, SpA, 
PA, IBD-associated, undifferentiated, other. Reactivation was defined as 
detection of serum HBV DNA in patients with previously undetectable 
HBV DNA or >1 log10 increase compared with treatment nadir. 19 
patients had a resolved HBV infection (HBsAg negative, anti-HBc 
positive): none underwent prophylaxis, none had a viral reactivation 
during anti-TNF-α treatment. No available data on the specific anti-
TNF-α drugs used in these patients. Eight patients were inactive 
carriers (HBsAg positive, HBeAg negative, ALT/AST persistently 
normal, serum HBV DNA <2000 IU/ml/10000 copies/ml, absence 
of necroinflammation or fibrosis at liver biopsy) all patients were in 
antiviral prophylaxis, most with lamivudine, and no reactivations. 
No available data on the specific anti-TNF-α treatment. Six patients 
had a chronic hepatitis B (HBsAg positive, ALT/AST persistently 
or intermittently elevated, HBV DNA >2000 IU/10000 copies/ml, 
moderate necroinflammation or fibrosis at liver biopsy) all in antiviral 
prophylaxis with one of lamivudine, tenofovir, entecavir, telbivudine. 
In this group there was 1 reactivation in a patient treated with ETA 
due to the emergence of a lamivudine-resistant viral strain (YMDD 
mutant HBV strain) after 3.2 years; he was then switched to tenofovir 
with gradual normalization of HBV-DNA. In conclusion, all patients 
with chronic HBV infection (inactive carrier and chronic hepatitis B) 
underwent antiviral prophylaxis, there was only one reactivation due to 
a lamivudine-resistent viral strain. 

Lan JL, et al. [49] in 2011 reported the results of a retrospective 
study conducted from January 2006 to June 2009 at Taichung Veterans 
General Hospital Taiwan, on 88 patients with a large prevalence 
of women, positive for anti-HBc and affected by RA, treated with 

Chronic hepatitis B
1. HBsAg-positive>6 months
2. Serum HBV DNA>20,000 IU/mL (105copies/mL). Lower 

values (2,000-20,000 IU/Ml) (104-105 copies/mL) are often 
seen in HBeAg-negative chronic hepatitis B

3. Persistent or intermittent elevation in ALT/AST levels
4. Liver biopsy showing chronic hepatitis with moderate or 

severe necroinflammation

Inactive HBsAg carrier state
1. HBsAg-positive>6 months
2. HBeAg-negative, anti-HBe+
3. Serum HBV DNA<2,000 IU/mL
4. Persistently normal ALT/AST levels
5. Liver biopsy confirming absence of significant 
hepatitis

Resolved hepatitis B
1. Previous known history of acute or chronic 

hepatitis B or presence of anti-HBc ± anti-
HBs

2. HBsAg -negative
3. Undetectable serum HBV DNA
4. Normal ALT levels

Table 1: AASLD classification of patients exposed to HBV.

First authors of the studies Number of 
patients Patients with chronic hepatitis B Inactive HBsAg carriers Patients with resolved 

hepatitis B
Patients with HBV 

reactivation
Proph + Proph - Proph + Proph -

Chung SJ et al. (44) 8 0 0 0 8 (1) 0 1
Charpin C et al. (45) 21 0 0 0 0 21 0
Caporali R et al. (46) 67 0 0 0 0 67 0

Kim YJ et al. (47) 96 1 7 (1) 0 0 88 (14) 15*
Vassilopoulos D et al. (48) 33 6 (1) 0 8 0 19 1 

Lan JL et al. (49) 88 10 8 (5) 0 0 70 (1) 6
Fotiadou C et al (50) 7 0 0 7 (1) 0 0 1 
Tamori A et al. (51)‡ 44 2 0 0 0 42 0
Prignano F et al. (52) 11 0 0 0 0 11 0

Urata Y et al. (53) 135 0 0 0 0 135 (7**) 7
Cho YT et al. (54) 7 1 4 (2) 0 2 (1) 0 3

Laurenti R et al. (55) 8 0 0 1 0 7 0
Papa A et al. (34) 23 0 0 1 0 22 0

Biondo MI et al. (56) 20 0 0 0 0 20 0
Ye H et al. (57) 87 4 2 (2) 9 22 (6) 50 8 

Footnotes:
Proph ±: antiviral prophylactic treatment administered or not, respectively; numbers in brackets () indicate cases of reactivation within the HBV state subgroups; * in this 
study reactivation was defined only by persistent increase of liver enzymes, without taking into account the other reactivation criteria (see Text); ‡ in this study three cases 
of reactivation were observed in patients treated with Methotrexate but not with anti-TNFα; ** in this study one case of reactivation was observed in patients treated with 
Methotrexate but not with anti-TNFα

Table 2: Prospective/retrospective studies on patients exposed to HBV and treated with anti-TNFα.
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anti-TNF-α therapy. HBV reactivation was defined as a change to a 
positive HBsAg, serum HBV DNA greater than 105 (>2.6 log) copies/
ml or a 10 fold rise in HBV DNA. Occult HBV infection was defined 
as the presence of HBV DNA in blood and/or hepatocyte without a 
detectable HBsAg, resolved HBV infection was defined as the presence 
of a past HBV infection with positive HBcAb, but undetectable serum 
HBV DNA and HBsAg, and normal ALT levels. Of the 88 patients, 18 
had positive HBsAg, 12 had HBsAg negative/HBsAb negative status 
and 58 patients had HBsAg negative/HBsAb positive status before 
starting anti-TNF-α therapy, the mean age was 50.1 ± 12.0 years. In 
the group of HBsAg positive only 10 patients received prophylaxis 
with lamivudine before starting therapy with anti-TNF-α and none 
experienced a reactivation of HBV, there were 5 reactivations in the 
other 8 HBsAg positive patients without prophylaxis; all were treated 

with lamivudine with complete resolution, after ten months of therapy 
a patient had a second reactivation for development of lamivudine-
resistance. Of these 5 patients, 3 were treated with ADA, 2 with ETA. 
In the group of patients who were HBsAg negative/anti-HBs negative/
anti-HBc positive none received antiviral prophylaxis and there was 
only one reactivation in the subgroup of 4 patients with detectable viral 
loads. The patient was in therapy with ETA and responded promptly 
to lamivudine therapy. In the largest group of 58 anti-HBs positive 
without prophylaxis none experienced HBV reactivation.

Fotiadou C et al. [50] in 2011 made a retrospective study in a cohort 
of 7 patients, affected by psoriasis treated with anti-TNF-α (INF, ETA 
or ADA) and chronic hepatitis B, followed by the first dermatologic 
clinic of Aristotle University of Thessaloniki, Greece. The mean age 
was 51 years, all patients were inactive HbsAg positive carriers with 

First authors HBV infection state Anti-TNFα used Prophylaxis Reactivation Outcome
Madonia S et al. (58) Resolved Hepatitis B INF NO YES: LMV GOOD 
Montiel PM et al. (59) Resolved Hepatitis B ETA NO YES: LMV GOOD

Esteve M et al. (61)
Inactive HBsAg carrier 
Inactive HBsAg carrier 
Inactive HBsAg carrier 

INF
INF
INF

NO
NO
YES: LMV

YES
YES
NO

GOOD
HEPATIC FAILURE  DEATH 
GOOD

Conde-Taboada A. et al. (86) Chronic hepatitis B INF YES: LMV, ENT NO GOOD

Kuwabara H et al. (60) Chronic hepatitis B 
(HBV DNA baseline value not available) INF NO YES: LMV FULMINANT HEPATITIS  

DEATH

Carroll MB et al. (85) Chronic hepatitis B ETA YES: LMV, AFV YES CHRONIC HEPATITIS 

Michel M et al. (41) Inactive HBsAg carrier INF NO YES FULMINANT HEPATITIS  
LIVER TRANSPLANTATION

Ostuni P et al. (43) Inactive HBsAg carrier INF NO YES: LMV GOOD
Wendling D et al. (70) Inactive HBsAg carrier INF NO YES: LMV GOOD
Anelli MG et al. (87) Chronic hepatitis B INF NO NO GOOD

Wendling D et al. (69)

Inactive HBsAg carrier 
Inactive HBsAg carrier 
Chronic hepatitis B
Chronic hepatitis B

INF
INF  ADA
ETA
ETA

NO
YES: LMV
NO
YES: LMV

YES: LMV
NO
YES: LMV
NO

GOOD 
GOOD
GOOD
GOOD

Verhelst X et al. (63) Unknown  Chronic hepatitis B ADA NO YES: LMV, TFV SUBFULMINANT HEPATITIS 
GOOD 

Roux CH et al. (88)
Inactive HBsAg carrier
Inactive HBsAg carrier
Inactive HBsAg carrier

ETAADA
ETA
INF

YES: LMV
NO: LMV 
YES: LMV

NO
NO
NO

GOOD
GOOD
GOOD

Tsuboi H et al. (68) Unknown  Chronic hepatitis B INF NO YES: LMV GOOD

Robinson H et al. (89) Inactive HBsAg carrier ETA  ADA NO NO GOOD

Oniankita n O et al. (42) Resolved hepatitis INF NO NO GOOD

Nosotti L et al. (90)

Resolved hepatitis
Resolved hepatitis
Resolved hepatitis
Resolved hepatitis
Resolved hepatitis
Resolved hepatitis
Inactive HBsAg carrier 

ETA
ADA
ETA
ADA
ETA
ADA
ETA

NO
NO
NO
NO
NO
NO
YES: LMV

NO
NO
NO
NO
NO
NO
NO

GOOD
GOOD
GOOD
GOOD
GOOD
GOOD
GOOD

Ojiro K et al. (67) Inactive HBsAg carrier INF NO YES: LMV GOOD

Zingarelli S et al. (66)
Inactive HBsAg carrier
Inactive HBsAg carrier
Inactive HBsAg carrier

ETA
INF  ETA
ADA

YES: LMV
YES: LMV
NO

NO
NO
YES: LMV

GOOD
GOOD
GOOD

Ueno Y et al. (91) Inactive HBsAg carrier INF NO YES GOOD

Colbert C, et al. (62) Chronic hepatitis B 
(HBV DNA baseline value not available) INF NO YES: LMV FULMINANT HEPATITIS  

DEATH
Kaur PP et al. (64) Inactive HBsAg carrier ADA  ETA NO YES: LMV GOOD

Sakellariou GT et al. (65) Inactive HBsAg carrier
Inactive HBsAg carrier

INF
INF  ETA

NO
NO

YES: LMV
NO

GOOD
GOOD

Footnotes:
INF: Infliximab; ETA: Etanercept; ADA: Adalimumab; LMV: Lamivudine; TFV: Tenofovir; ENT: Entecavir; AFV: Adefovir

Table 3: Case reports/case series on patients exposed to HBV and treated with anti-TNF-α.
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undetectable viral loads and anti-HBc, anti-HBe positive. All these 
patients received antiviral prophylactic treatment with lamivudine 
100 mg⁄day, which started 2 weeks before the initiation of anti-TNF-α 
medication and went on during the whole treatment period. One 
patients receiving INF had an increase of the viral load that reached 
600 IU⁄mL. The authors did not consider this value sufficiently high 
for the diagnosis of HBV reactivation because under the cutoff value of 
2000 IU⁄mL that defines viral reactivation.

In the same year, Tamori A et al. [51] published a prospective study 
conducted at Osaka City University Hospital, Japan, from November 
2007 through October 2009, in patients with RA and antibodies against 
HBcAg. A total of 50 (41 females and 9 males) patients were enrolled 
and tested for HBsAg, HBV DNA and antibodies against HBsAg in 
serum. All patients with HBV DNA levels >2.1 log copies/ml received 
0.5 mg of entecavir per day to prevent HBV reactivation (defined 
has increase in the HBV DNA level by more than 1.0 log copy/ml as 
compared with the level at enrollment, or as HBV DNA level >2.1 
copies/ml.). The mean age was 59 years, the mean observation period 
was 23 months and HBV DNA levels were measured every 2-3 months. 
5 patients were HBsAg positive, only 3 were treated with entecavir for 
an HBV DNA level >2.1 copies/ml at enrollement and of these one 
received INF and one ETA: none had HBV reactivation, whereas the 
other two patients that were not treated with entecavir and that had not 
received anti-TNF-α therapy had a reactivation under prednisolone 
and methotrexate. A total of 45 patients were HBsAg negative; of these, 
36 were anti-HBs positive and 9 were only anti-HBc positive. In 42 
patients, anti-TNF-α therapy was added to DMARD therapy, including 
MTX and none experienced HBV reactivation. The only reactivation 
in this group occurred in an anti-HBs positive patient treated with 
methotrexate, but not with anti-TNF-α agents. 

Prignano F et al. [52] in 2011 conducted a retrospective study 
including 300 outpatients with psoriasis receiving anti-TNF-α 
therapy at the PsoCare Centre, Dermatology Division II, University of 
Florence, Italy. All data were evaluated at baseline and follow-up at 1, 3 
and 6 months during anti-TNF-α therapy. Of these 300 patients, only 
11 had HBV serology indicating past HBV infection (HBsAg negative, 
anti-HBc positive), the mean age was 61 and the anti-TNF-α used was 
ETA. No viral reactivation was observed in patients with past HBV 
infection after a mean 7 months duration of anti-TNF-α treatment, 
none underwent antiviral prophylaxis.

Urata Y et al. [53] in 2011 observed in a prospective study cases 
of reactivation under therapy with anti-TNF-α and DMARDs. The 
study was conducted between January 2008 and March 2009 in Japan: 
patients treated for RA were screened for HBV and were enrolled in 
the study only if HBsAg was negative. 135 were HBsAg negative and 
anti-HBs and/or anti-HBc positive. 97 patients were anti-HBs positive, 
38 were anti-HBs negative/anti-HBc positive, and 12 were anti-HBs 
positive/anti-HBc negative. None underwent prophylaxis. The anti-
TNF-α used were INF, ETA or ADA. The patients enrolled in the study 
had all resolved hepatitis B, and there was a total of 7 reactivations, 
5 under therapy with anti-TNF-α (ETA), 1 with tocilizumab and 1 
with methotrexate. Of these five patients, one had spontaneous HBV 
DNA normalization, four patients needed entecavir for HBV DNA 
normalization, and none interrupted therapy with ETA. 

Cho YT et al. [54] in 2012 carried out a retrospective study on 
seven HBV carriers with psoriasis or PA treated with anti-TNF-α 
agents (ETA or ADA) between 2007 and 2011 at National Taiwan 
University Hospital, Taiwan. Reactivation of HBV was defined as an 
increase of the HBV viral load to more than 10-fold of the baseline 

level or an absolute HBV viral load of more than 109 copies⁄mL. The 
patients were followed up from the start of the anti-TNF-α therapy 
for a mean duration of 28.9 months and were all HBsAg positive and 
HBeAg negative. They were divided into chronic hepatitis B (anti-HBe 
positive) and inactive HBsAg carrier state (anti-HBe negative). None 
of the patients received antiviral prophylaxis except one that was in 
treatment with entecavir before the institution of anti-TNF-α therapy. 
Of 7 patients, 3 (in treatment with ETA) had HBV reactivation (2 in 
chronic hepatitis B group and 1 in the inactive carriers group). Only 
one was treated with lamivudine, the others did not receive antiviral 
treatment because of persistently low HBV viral loads. None suspended 
anti-TNF-α. 

Laurenti R et al. [55] in 2013 reported a retrospective study 
conducted in outpatients’ clinics between 2006 and 2010 in Rome, 
including 8 patients with PA treated with ADA. There were no active 
carriers (HBsAg positive, HBV DNA>2000 IU/mL), 1 inactive carrier 
(HBsAg positive, HBV DNA<2000 IU/mL), 1 occult carrier (HBsAg 
negative, anti-HBc positive), and 6 patients with past HBV infection 
(HBsAg negative, anti-HBc positive, anti-HBs positive). Only the 
inactive carrier received antiviral prophylaxis with lamivudine. None 
had HBV reactivation during therapy with ADA.

A prospective study was conducted by Papa A et al. [34] at 
Department of Internal Medicine and Gastroenterology, Catholic 
University of Rome, Italy, between January 2005 and September 2010. 
The patients (mean age 41.9 ± 13.2 years) had Crohn's disease (CD) or 
ulcerative colitis (UC) and were screened for HBV and HCV before 
the initiation of anti-TNF-α. Approximately 70% of the patients were 
treated with INF, 30% with ADA and 1.7% with CZ pegol. Patients 
with positive HBV serological markers were classified as: current HBV 
infection, including patients with chronic HBV infection or patients 
in an inactive HBsAg carrier state, or past or resolved HBV infection, 
including carriers of “occult” HBV infection (patients who were anti-
HBc positive with or without anti-HBs antibodies). The HBV positive 
patients were monitored every 3 months for liver function tests and 
every six months for HBV DNA and viral markers or if alterations in 
liver function tests values occurred. A total of 301 IBD patients were 
enrolled in the study but only 23 were positive for HBV, 22 were anti-
HBc positive and 1 was HBsAg positive, only this patient received 
prophylaxis with lamivudine before anti-TNF-α and at least six months 
after the stop of therapy. Of these HBV positive patients, 65.2% were 
treated with INF, 30.4% with ADA and 4.3% with CZ and none had 
HBV reactivation (defined as: HBsAg detection in patients previously 
negative for HBsAg or HBV DNA detection in patients with previously 
undetectable viral genome). 

Two prospective studies have been reported in 2014. The first one 
was conducted by Biondo et al. [56] and took place at the Immuno-
Rheumatology Institute of the S. Andrea Hospital, La Sapienza 
University of Rome, between November 2003 and December 2011. 
All patients affected by chronic inflammatory arthropathies (RA, AS 
and PsA) were tested for HBV markers before starting anti-TNF-α 
(ETA, ADA, INF, GOL). Patients fulfilling the criteria to be defined 
as potential occult carriers were checked every two months for ALT 
levels and monitored every six months for HBV reactivation (defined 
as the serum appearance of either HBsAg or HBV DNA). The median 
age was 63±9.5, the patients infected with HBV were divided in: HBsAg 
positive, subdivided in active and inactive carriers (on the basis of 
HBVDNA levels ≥ 2000 IU/ml and <2000 IU/ml respectively), and 
HBsAg negative but anti-HBc positive that may be defined as occult 
carriers. Of the 169 patients, only 20 were HBsAg negative and anti-
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HBc positive and HBV DNA negative, and of these 10 were also anti-
HBe and 14 anti-HBs positive. None of these patients was treated with 
antiviral prophylaxis but none had reactivation of HBV during 4 years 
follow-up.

The second prospective study reported by Ye H et al. [57] was 
conducted from January 2008 to January 2011 in six centers in China. 
87 patients enrolled with HBV and inflammatory arthritis (RA, SpA, 
and PA) were followed up every 1-3 months until January 2012. HBV 
reactivation was defined as an increase of serum HBV DNA level by >1 
log10 compared with nadir or detection of HBV DNA in patients with 
previously undetectable HBV DNA. Fifty patients had a resolved HBV 
infection (HBsAg negative and anti-HBc positive): 8 were anti-HBc 
positive, 19 anti-HBs and anti-HBc positive, 6 anti-HBs and anti-HBe 
positive, 2 anti-HBe and anti-HBc positive, 15 anti-HBs anti-HBe and 
anti-HBc positive. HBV reactivation was not found in none of these 
50 patients during follow-up. Six patients were affected by chronic 
hepatitis B (HBsAg positive, HBV DNA>105 copies/ml, elevated ALT) 
and two of these patients did not take antiviral prophylaxis. Both of 
them received ETA and were found to have HBV reactivation, treated 
with interruption of ETA and initiation of lamivudine. ALT returned 
to normal and HBV DNA was below 105 copies/ml after about 1 month. 
Four patients under prophylaxis with lamivudine had no reactivation; 
3 were treated with INF, 1 with ETA. 31 patients were inactive carriers 
(HBsAg positive, HBV DNA <104 copies/ml, ALT persistently normal). 
Nine patients who received antiviral prophylaxis before anti-TNF-α 
agents showed no viral reactivation. Out of the 22 patients who did not 
receive antiviral prophylaxis, increase of viral load was detected in 6, 
and in 4 patients ALT levels were elevated to 1.5-8.18 ULN; of these 4 
patients, 2 were treated with INF and 2 with ETA. Of these six patients, 
3 stopped the anti-TNF-α agents, 1 withdrew from INF and treated 
with lamivudine, 1 switched from INF to ETA, and 1 continued to use 
ETA as prescribed after the detection of viral replication. HBV DNA in 
all cases decreased until no longer detectable, and no signs of flare were 
found in these patients during follow-up.

Additionally, we found two case reports of reactivation in HBcAb 
carriers, treated by lamivudine with good outcome [58,59]. We found 
three cases of death [60-62] and two cases of subfulminant hepatitis in 
HBsAg positive patients [41,63]. These are described in Table 3.

Management and Prophylaxis of HBV Reactivation in 
Patients Receiving Anti-TNF-α Agents

As mentioned before, in case of HBV reactivation lamivudine is 
the agent of choice, determining recovery in most of the cases reported 
in literature [43,58,59,64-70]. All the available guidelines [32,71,72] 
recommend an early intervention. The Asian guidelines suggest 
lamivudine as first choice [71], whereas the American and European 
guidelines [31,32] do not provide specific indications, but generically 
recommend the use of nucleot(s)ide analogues in all patients with HBV 
reactivation in course of immunosuppressive therapy. With regard to 
prophylaxis of HBV reactivation, a systematic review [73] showed that 
prophylactic lamivudine reduced the risk of HBV reactivation and 
HBV-related hepatitis by 79%. In addition, preventive lamivudine 
might reduce the risk of HBV-related hepatic failure and death in 
patients who test positive for HBsAg and receive chemotherapy; a meta-
analysis [74] supported the same conclusions. Similar information 
emerged from the studies included in our analysis, but we could not 
find a systematic review summarizing all the data available from the 
registries of patients treated with anti-TNF-α agents. All the available 
guidelines provide recommendations for patients with HBV who 

require immunosuppressive therapy, without any specific reference to 
anti-TNF-α drugs. The American Association for the Study of Liver 
Disease (AASLD), the European Association for the Study of the Liver 
(EASL), the Asian-Pacific consensus statement on the management of 
chronic hepatitis B and the European Crohn and Colitis Organization 
(ECCO) recommend early introduction of nucleot(s)ide analogues for 
all HBsAg positive patients requiring immunosuppressive therapy. 
Anti-viral agents should be administered to those patients who 
exhibit positive HBsAg titres regardless of HBV DNA level. There is 
a general agreement to start prophylactic treatment 2-4 weeks before 
the beginning of immunosuppressive agents [32,72,75] to be continued 
for at least 6-12 months afterwards [32,75]. If immunosuppressive 
therapy is expected to last longer than 12 months, others nucleot(s)
ide analogues with higher barriers to genetic resistance might be 
preferred. Entecavir and tenofovir are more attractive candidates. 
Lamivudine resistance commonly develops with prolonged use, and 
has been detected in up to 20% of patients after 1 year and up to 60% 
by 5 years [10,31]. The emergence of resistance has also been associated 
with reactivation in patients on long-term anti-TNF-α therapy [48]. 
In HBsAg and HBV DNA negative patients (resolved hepatitis) there 
is not a clear recommendation for prophylaxis, but HBV reactivation 
may occur. Since this event is infrequent, and information in the 
patient population receiving anti-TNF-α therapy is limited, routine 
prophylaxis for these individuals is not recommended. However, these 
patients should be monitored routinely (1-3 months) [31] for elevation 
of liver enzymes, as well as for changes in HBV serology and HBV DNA 
levels [31,32,71,72,76-78]. In seronegative HBV patients vaccination is 
recommended, especially in patients with high risk of infection (Table 
4) [32]. The efficacy of vaccination may be reduced because of treatment 
with anti-TNF-α, thus serological responses should be measured after 
the vaccination is completed [76]. Charpin et al. [45] and Vassilopulos 
et al. [48] reported a reduction of anti-HBs Ab titres during anti-TNF-α 
therapy under the level that is commonly considered protective (10 
IU/ml). Finally, the American College of Rheumatology recommends 
avoiding use of biological agents in patients affected by RA with 
chronic hepatitis B untreated due to contraindications to treatment 
or intolerable adverse events, and in treated chronic hepatitis B with 
Child-Pugh class B and higher [79].

Conclusion 
Although definitive evidence on the risk of HBV reactivation in 

anti-TNF-α-treated patients is not available, yet, the analysis of most 
cases and studies suggests that the subjects at higher risk are those 
with persistent HBsAg positivity (chronic hepatitis B and inactive 
HBsAg carrier state), especially without antiviral prophylaxis, whereas 
in the cohort of patients with resolved hepatitis B the resumption 
of viral replication is much less frequent. In a previous review, the 
reactivation rate in HBsAg positive patients was as high as 39%, 
compared to only 5% in the anti-HBc antibodies positive group [80]. 
Other risk factors for HBV reactivation are high viral load at baseline 
(105 copies/L) [71], the subtype of chronic HBV infection (genotype 
B), underlying comorbidities (i.e. solid cancer), use of additional 
immunosuppressive drugs (i.e. methotrexate), male sex and younger of 
40, HCV co-infection [7,72,81,82]. The use of anti-TNF agents appears 
to be relatively safe in HBsAg negative patients with undetectable 
HBV DNA. However, reactivations are documented in this subgroup 
[49,58,59,83] therefore these patients must be monitored, every one to 
three months according to the individual patient risk and therapeutic 
regimen (tighter monitoring during concomitant administration of 
corticosteroids and DMARDs). In HBsAg positive patients, but with 
HBV DNA<2000 UI/L and normal liver enzymes, the use of anti-
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TNF-α agents appears to be relatively safe upon prophylaxis of HBV 
reactivation. The available data reported in literature do not provide 
clear indications on the anti-TNF-α agents of choice with regard to the 
safety in patients exposed to HBV. In older reports, INF was associated 
to higher risk of HBV reactivation, mainly due to its pharmacological 
characteristics [84], but several case reports [59,64,69,85-91] and 
studies [53,57] highlighted reactivations during treatment with ETA; 
similar results can be found with ADA [49,63,66].
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INDIVIDUALS BORN IN AREAS OF HIGH* OR INTERMEDIATE† PREVALENCE RATES FOR HBV INCLUDING IMMIGRANTS AND ADOPTED CHILDREN‡§
All countries of Asia, Africa, South Pacific Island, Eastern Europe (except Hungary)
Middle East (except Cyprus and Israel)
European Mediterranean: Malta and Spain
The Arctic (indigenous populations of Alaska, Canada, and Greenland)
South America: Ecuador, Guyana, Suriname, Venezuela, and Amazon regions of Bolivia, Brazil, Colombia, and Peru
Caribbean: Antigua and Barbuda, Dominica, Granada, Haiti, Jamaica, St. Kitts and Nevis, St. Lucia, Turks and Caicos
Central America: Guatemala and Honduras
OTHER GROUPS RECOMMENDED FOR SCREENING
U.S. born persons not vaccinated as infants whose parents were born in regions with high HBV endemicity (>8%)
Household and sexual contacts of HBsAg-positive persons§
Persons who have ever injected drugs§
Persons with multiple sexual partners or history of sexually transmitted disease§
Men who have sex with men§
Inmates of correctional facilities§
Individuals with chronically elevated ALT or AST§
Individuals infected with HCV or HIV§
Patients undergoing renal dialysis§
All pregnant women
Persons needing immunosuppressive therapy
Footnotes:
*HBsAg prevalence>8%; †HBsAg prevalence 2%-7%; ‡If HBsAg-positive persons are found in the first generation, subsequent generations should be tested; §Those 
who are seronegative should receive hepatitis B vaccine.

Table 4: Groups at high risk for HBV infection who should be screened prior to anti-TNF therapy (adapted from AASLD practice guidelines updated).
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