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Abstract
Purpose of Review It is crucial for clinicians to understand the need to screen for hepatitis B core antigen (anti-HBc status),
proper interpretation of HBV biomarkers, and that “anti-HBc only” indicates HBV exposure, lifelong persistence of cccDNA
with incomplete infection control, and potential risk for reactivation.
Findings Many common misconceptions exist, including that tests for anti-HBc have high false-positive rates, that patients with
anti-HBc alone or occult hepatitis B may profit from “vaccine boosting” to achieve immune control of HBV, and that anti-HBc(+
)/anti-HBs(+) patients have cleared HBV when they have actually achieved immune control, while HBV persists in some hepato-
cytes and can reactivate.
Summary This review breaks down several common misconceptions regarding anti-HBc with the most recent evidence. In
addition, current best strategies for anti-HBc testing and interpretation are reviewed and summarized.
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Introduction

Approximately 2 billion people worldwide have been infected
with hepatitis B virus (HBV) as indicated by the presence of
antibodies to the hepatitis B core antigen (anti-HBc) [1, 2].
Any indication of necroinflammatory liver disease, either by
elevated serum ALT activity or by liver histology in patients
who are hepatitis B surface antigen (HBsAg) positive for at
least 6 months, is referred to as chronic hepatitis B (CHB) [3].
Historically (before 2002), anti-HBc tests had a high rate of

false positives which led to concerns about lack of vaccine
protection or incorrect assessment of patients at risk for reac-
tivation. Fortunately, since 2002, the best anti-HBc tests have
a false positive rate of < 2/1000 even in low-risk individuals
[4]. One potential scenario where the risk of false-positive
testing may be increased is in the setting of intravenous im-
munoglobulin where passive antibody transfer may lead to
false-positive testing before serial testing shows subsequent
degradation of core antibodies [5]. To determine a patient’s
HBV status, HBsAg is always tested alongside anti-HBc and
anti-HBs (Fig. 1). A positive HBsAg antigen indicates ongo-
ing infection and infectivity. Initially, the majority of infec-
tions are hepatitis B e antigen (HBeAg)-positive. During the
course of a chronic infection, however, HBeAg is often lost.
HBeAg loss, whether spontaneous or treatment-induced and
with or without anti-HBe seroconversion, represents partial
immune control of chronic HBV infection, often leading to a
low replicative phase [3]. In later phases of disease, HBeAg
loss is sometimes caused by viral variants or mutants. Total
anti-HBc typically persists lifelong.

The development of HBsAg antibodies (anti-HBs) and
anti-HBc with negative testing for HBsAg and HBV DNA
indicates immune control of the virus. Positive anti-HBc in
HBsAg(−) patients who lack anti-HBs is referred to as “anti-
HBc only” [6] or “anti-HBc alone” [7, 8], but may also be
referred to as a “functional cure” of HBV infection during or
after treatment [9••]. Individuals who test HBsAg(−) and anti-
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HBc(+) in whom HBV DNA in the blood or replication-
competent HBV DNA in the liver is still present, the patient
remains infectious and has seropositive occult HBV infection
(OBI) [10].

In CHB patients with normal ALT and undetectable serum
HBV DNA and in patients who have cleared HBsAg, cccDNA
persists, and liver biopsy typically shows persistent cccDNA
HBV in hepatocytes and mononuclear cells [11]. Although
cccDNA levels may decrease over time under long-term NUC
therapy [12, 13], there is no evidence for complete elimination
of cccDNA and thus no clearance or “cure” of infection.
Intranuclear cccDNA persists, serving as a template for tran-
scription of a number of HBV RNAs including core antigen
[14]. HBsAg can also be produced from an integrated virus so
clearance of cccDNA may not completely abrogate HBsAg
production [15–17]. Currently available tests lack sensitivity
and specificity to detect persistent virus cccDNA; thus, a nega-
tive test for liver tissue cccDNA does not indicate clearance of
cccDNA [18]. Even loss of HBsAg does not indicate an elim-
ination or silencing of cccDNAbecause circulatingHBsAgmay
be complexed by anti-HBs antibodies and not be detectable by
standard tests. Most frequently, a combination of viral and im-
mune mechanisms explain the persistence of HBV cccDNA at
low levels in patients who are anti-HBs(+)/anti-HBc(+) and
HBsAg(−) and in patients who are anti-HBc(+) only.

Anti-HBc During the Natural Course of HBV
Infection

After acute HBV infection, chronic infection (defined by
HBsAg persistence for more than 6 months) develops in >
90% of infants born to infected mothers positive for HBeAg,
in approximately 30% of children infected between ages 1 and

4 years, and in ≤ 5% of adults [19]. HBeAg(−) mothers can
also transmit HBV, with either HBeAg(+) or HBeAg(−) in-
fection in the newborn [20]. In adults who do not develop
chronic infection after exposure to HBV, both anti-HBc and
anti-HBs typically develop. Along with T cells, these antibod-
ies help to control the infection with viral replication signifi-
cantly suppressed.

With acute HBV infection, after an incubation period of 4–
10 weeks, HBsAg becomes detectable in the blood, typically
with measurable HBV DNA [21]. Shortly after HBsAg be-
comes positive, the first antibody to core antigen (IgM anti-
HBc) appears [22]. Because hepatitis B core antigen (HBcAg)
is the most immunogenic component of HBV, high levels of
first IgM anti-HBc and then IgG anti-HBc are produced. Anti-
HBc, usually determined as total IgM and IgG antibodies, is
considered the most sensitive and reliable markers of HBV
exposure. During acute infection, the anti-HBc IgM increases
rapidly. Thus, anti-HBc IgM is part of the first-line testing of
HBsAg-positive patients with high ALT with or without liver
dysfunction [23]. Although commonly disappearing after 6–
12 months, anti-HBc IgM may become detectable again in a
hepatitis flare during chronic infection, making clinical inter-
pretation of whether it is an acute or a chronic infection flare
sometimes different. High titers, however, indicate an acute
infection [24–26].

In ongoing HBV infection, anti-HBc is detected together
with HBsAg. While HBsAg may disappear, anti-HBc IgG
commonly persists for life even in “resolved” HBV infection
[22], probably due to the persistence of HBV in the form of
cccDNA and low levels of core antigen production stimulat-
ing host B cells [27–29]. Thus, anti-HBc is useful for
population-based HBV screening to determine exposure rates,
and should be part of HBV testing panels for all patients in any
population deemed at risk by currentWHO or CDC guidelines

Fig. 1 Interpreting HBsAg,
Anti-HBs, and anti-HBc test
results. Abbreviations: HBsAg,
hepatitis B surface antigen;
anti-HBc, hepatitis B core
antibody; anti-HBs, hepatitis B
surface antibody; HBV,
hepatitis B virus
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to allow for better interpretation of results and appropriate
linkage to care.

The following phases of infection can be delineated based
on serum testing. The interpretation of anti-HBc test results
are outlined throughout [30].

(1) High-viremic chronic infection: HBsAg(+), HBeAg(+),
normal ALT, and usually HBV DNA > 107 IU/ml

(2) HBeAg(+) chronic hepatitis B: elevated ALT usually
with HBV DNA 104–107 IU/ml; [3]

(3) HBeAg(−) chronic hepatitis B: HBsAg(+) but
HBeAg(−), and often anti-HBe(+), HBVDNA-positive,
elevated ALT

(4) HBeAg(−), low viremic persistent infection due to partial
immune control: HBsAg(+) but HBeAg(−), normal
ALT, and usually low levels of HBV DNA (< 2000 IU/
ml or < 104 copies/ml)

(5) Immune control: HBsAg(−), anti-HBc(+), and anti-
HBs(+)

(6) Anti-HBc only: [7] neither HBsAg(+) nor anti-HBs(+)
with variable detection of HBVDNA (OBI if HBVDNA
is positive)

Testing for HBV in pregnant mothers is the standard of
care, and determining the phase of disease helps in preventing
HBV transmission and care of the mother. In the set-
t ing of potentia l mother- to-chi ld transmission,
European and American guidelines currently recom-
mend HBIG administration and HBV vaccination to
prevent transmission to the newborn [31, 32]. In high
viremic, pregnant women tenofovir treatment has been
proven safe and efficacious to reduce mother-to-child
transmission.

Hoofnagle et al. showed that serum anti-HBc was a marker
for high-risk blood donors who could transmit HBV, that anti-
HBc was associated with transfusion-associated HBV trans-
mission, and that anti-HBc testing and blood donor elimina-
tion can prevent HBV transmission when used for blood bank
screening [33•, 34]. Because of its high sensitivity, anti-HBc
identified potentially infectious donorsmissed byHBsAg test-
ing before viral DNA with nucleic acid testing (NAT) became
available. Using early anti-HBc tests, substantial questions
emerged about the test’s specificity because the anti-HBc-
only status was poorly understood. This resulted in attempts
to vaccinate anti-HBc(+) patients to stimulate anti-HBs pro-
duction and to “test” those with previous exposure to HBV
and memory for anti-HBs production, where the test is per-
formed shortly after vaccination. This practice, however, con-
sumes resources and is not known to have any clinical benefit.
Subsequent generations of anti-HBc tests used a broad spec-
trum of core antigens, increasing the test’s ability to accurately
detect anti-HBc. Very sensitive PCR testing and robust patient
clinical profiles proved the very high sensitivity and

specificity (99.8%) of the new generation test including accu-
rate use in low-risk patients [4].

First introduced in the USA in 1986, anti-HBc is often used
for blood screening (often supplemented with HBV DNA
PCR tests) [35, 36]. Currently, NAT testing is preferred for
blood screening as a sensitive test but is often not available in
resource-constrained settings due to cost, and thus anti-HBc is
used in these cases, despite lower sensitivity. Blood banks in
western countries with HBsAg prevalence of less than 1%
added anti-HBc to screening markers due to the long window
phase between clearing HBsAg, and the development of mea-
surable anti-HBs as well as the rare occurrence of OBI as
defined by HBV DNA in HBsAg(−) patients where HBV
DNA is only intermittently detectable [37, 38]. Identifying
donors with recent hepatitis B infection is very important for
blood safety, and knowledge of this “window” helped clini-
cians to appropriately manage patients in the window period
and monitor for anti-HBs seroconversion and OBI [39].
Widespread screening with anti-HBc has resulted in a marked
decrease in transfusion-related HBV transmission [40].

Interestingly, the World Health Organization (WHO) at
present does not recommend anti-HBc as a screening test for
blood donors where sensitive PCR testing is available [41•].
The 2018 American Association for the Study of Liver
Diseases (AASLD) guidelines also do not recommend general
anti-HBc testing based on historical problems with anti-HBc
specificity. The WHO rationale for this is that there would
then be a requirement for distinguishing between donors with
resolved infection (considered “non-infectious” byWHO) and
infectious donors and that in nations endemic for HBV, the
prevalence of anti-HBc would be high and result in “unneces-
sary” discard of blood units. WHO assumes that anti-HBs
may indicate better virus control and lower risk of transmis-
sion, so that all anti-HBc(+) donations would have to then be
tested for anti-HBs to determine “infectiousness.”

A retrospective analysis of > 30 million blood donations in
Germany indicated that anti-HBc testing improved blood safe-
ty in a low HBV-prevalence region and allowed the initiation
of rational PCR testing [42]. In a high-prevalence region such
as South China, however, anti-HBc screening may impair
blood supply and ultra-sensitive PCR screening may be re-
quired [43•]. A recent study from Japan indicated that anti-
HBc-positive blood donations can be safely used if they
contained anti-HBs titer of > 200 mIU/ml [44]. This would
argue for anti-HBc testing in combination with anti-HBs
quantification.

Anti-HBc Test Performance and Utility

Although historically there were many versions of anti-HBc
tests with varying levels of specificity, most countries and labs
are now using state-of-the-art FDA-cleared or CE-marked
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assays. These current anti-HBc tests (e.g, the Architect II sys-
tem) are more than 99.8% specific for blood donors and thus
indicative of residual disease (cccDNA) and a clear lack of
need for or benefit fromHBV vaccination [44, 45]. Thus, anti-
HBc is now the most sensitive serological test for screening of
blood donors and to decide if a patient has ever been exposed
to HBV with high specificity. There are no available perfor-
mance data on regional anti-HBc tests that are not CE marked
or FDA cleared.

Further test improvement has focused on determining the
level of anti-HBc. The quantitative serum level of anti-HBc
may be beneficial for decision-making in challenging clinical
situations, including determining the phase of HBV infection,
and may be a predictor of on treatment response to NUCs and
interferon [46•]. Anti-HBc levels correlate with levels of HBV
DNA, such that individuals with lower anti-HBc levels are
more likely to have undetectable HBV DNA levels [47].
The current understanding and utility of quantitative anti-
HBc in patient care and decision-making are summarized in
Table 2.

A true cure of HBV infection may not be feasible because
HBV DNA is in the nucleus as the episomal form of cccDNA
and integrated into the host genome producing HBsAg. Even
among persons who have recovered from acute HBV infec-
tion, viral covalently closed circular DNA (cccDNA) can still
be detected in the liver, explaining the reactivation of HBV
replication when these “recovered” persons are profoundly
immunosuppressed or in other clinical settings [9, 48].
“Functional cure” or “immune control”may be a more appro-
priate description. This explains why in patients who were
infected with HBV–whether they resolved the infection or
became chronic–the available prophylactic hepatitis B vaccine
does not show any clinical benefit [49, 50]. Currently, there
are no peer-reviewed publications to support vaccine
“boosting” in anti-HBc-positive patients with negative or
low anti-HBs. Anti-HBs cannot prevent new HBV infection
in these patients since they are already HBV-infected and have
remaining integrated or episomal HBV DNA in the liver [9].
However, newer vaccines that induce a different or broader
immune response, in particular when activating T cell re-
sponses, may have to be evaluated more carefully in this re-
gard [51, 52]. The presence of an antibody response (anti-
HBs) after vaccination in these patients is cosmetic and does
not have any known clinic benefit.

A higher titer of vaccine-induced anti-HBs clearly confers
better protection from a new infection in patients who are anti-
HBc negative. This benefit is less clear for resolved HBV
infection. A recent meta-analysis of natural infection in pa-
tients with anti-HBs titers at various levels now indicates that
under immune suppression, anti-HBs levels predict protection
from reactivation of HBV infection, with reactivation risk de-
creasing as the titer of anti-HBs increases [53]. Randomized
trials, however, are still lacking to investigate if increasing

anti-HBs levels by vaccination in an anti-HBc(+) patient in-
creases the level of immune control of an ongoing infection as
opposed to the anti-HBs seen after natural infection. Anti-HBc
can also indicate exposure to HBV after HBV vaccination and
does not indicated vaccine failure unless HBsAg or HBV
DNA becomes positive indicating productive HBV infection.

Anti-HBc as a Biomarker of Occult Hepatitis B
Infection

In a recent review by Raimondo and colleagues from the 2018
Taormina workshop, OBI is defined as HBsAg-negative hep-
atitis B with detectable HBV DNA in the liver or blood [10].
They further go on to subdivide into seronegative or seropos-
itive OBI. Seropositive OBI, defined as those who are anti-
HBc and/or anti-HBs positive, comprises the majority of in-
dividuals affected. Those defined as seronegative are negative
for both anti-HBc and anti-HBs, and comprise 1–20% of all
OBI cases. Because anti-HBc is the most common seromarker
in OBI individuals, screening for anti-HBc can help to identify
OBI, as described further below. The incidence of OBI in anti-
HBc(+) but anti-HBs(−) blood donors has been reported to be
as high as 7–15%making this an important clinical issue [54].
The rate of OBI is significantly higher in patients coinfected
with human immunodeficiency virus (HIV) or hepatitis C vi-
rus, and other risk factors for HBV [10, 55].

The gold standard for OBI diagnosis is detection of HBV
DNA in the liver if a biopsy is available. However, HBV
DNA should at least be measured in serum of all individuals
suspected to have OBI regardless of their HBV serostatus
even if they are HBsAg negative [10, 56]. The most reliable
OBI biomarker is low-level serum HBV DNA detected using
a sensitive, quantitative HBV PCR assay [56]. As patients
may cycle from HBV DNA-negative to positive repeat DNA
testing in patients with “cryptogenic liver disease” may be
necessary [37]. Currently, detecting HBVDNA can be a chal-
lenge in severely resource-limited countries [55]. Where sen-
sitive or quantitative HBV DNA PCR is not available, anti-
HBc can be used as a surrogate marker to predict OBI in
HBsAg(−) patients with elevated ALT. Although anti-HBc
is not an ideal OBI biomarker, it indicates the risk [56].

Anti-HBc alone may also be the result of HBV variants
evolving that result in production of modified “S” proteins
not detected with standard assays; [30] coinfection with other
liver-tropic viruses as has been shown with HBV/HCV coin-
fection; [57] formation of HBsAg-anti-HBs immune com-
plexes that standard commercial assays cannot detect; [58]
and low anti-HBs levels that result from loss of the capacity
to produce these antibodies due to immune senescence. A
person with anti-HBc only should be considered infected with
HBV with a low risk of transmission perinatally, sexually and
via blood transfusion if qHBV DNA is low or undetectable;
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however, solid organ transplant transmission is a real risk [34,
59]. Conversion of patients from anti-HBc negativity to anti-
HBc positivity was common after intravenous immunoglobu-
lin administration [60•]. Therefore, positive anti-HBc tests
done shortly after intravenous immunoglobulin infusion
should be interpreted with caution because it might indicate
passive transfer instead of true infection. However, the prob-
ability of a positive test decreased with time since infusion
with a very high anti-HBc usually disappearing within 2–
3 months [60].

Anti-HBc has been thought to possibly indicate increased
risk of hepatocellular carcinoma (HCC). However, the HCC
risk seems to mainly depend on HBsAg positivity. In their
2018 hepatitis B guideline, the AASLD notes an increased
risk of HCC in only a small subset of HBsAg-negative pa-
tients who are anti-HBc positive, with or without anti-HBs
[61]. Among intermediate- to high-risk populations, one can
distinguish between the majority of anti-HBc(+), HBsAg(−)
patients who recovered from acute CHB earlier in life, in
whom the risk of HCC due to HBV is minimal, and the small
subset of patients who had been chronically infected for de-
cades before HBsAg clearance, in whom the risk for HCC is
apparently similar to those with persistent HBV infection or
hepatitis who have undetectable HBV DNA levels due to the
development of liver cirrhosis [61].

Reactivation Risk in Anti-HBc-Positive
Patients with Immunosuppression

Because anti-HBc positivity indicates the continuing presence
of HBV cccDNA in the liver, it is an important marker to
identify patients who are at risk for HBV reactivation with
immunosuppressive therapy, B cell depleting antibodies or
anti-rheumatic drugs [62, 63]. Amarked increase in awareness
of this issue is needed. However, guidelines are mixed on
whether patients with anti-HBc only are at high risk of fatal
events. The level of risk in these individuals is not considered
high by the American Gastroenterological Association
(AGA), which have clearly defined risk categories using the
GRADE system (see Table 1) [64, 65]. The American Society
for Clinical Oncology provisional guidance, in contrast, con-
siders individuals with anti-HBc only to be at high risk of
reactivation and the potential for fatal events, especially in
the setting of cancer therapy with anti-CD20 monoclonal an-
tibodies [66]. Reactivation was an unusual event with earlier
immunosuppressive therapies but the risk has increased sig-
nificantly in recent decades due to increased use of potent
immunosuppressive and chemotherapy agents for malignant
and non-malignant conditions, including the frequent use of B
cell depleting CD19 and CD20 antibodies [64]. The American
Gastroenterological Association (AGA), [65] the European
Association for the Study of the Liver (EASL), [3] the Asian

Pacific Association for the Study of the Liver (APASL) [67],
and the AASLD [61] recommend testing for HBsAg and anti-
HBc in all patients set to receive immunosuppressive therapy
or chemotherapy that may induceHBV reactivation. In reality,
however, most patients undergoing chemotherapy are not
risk-stratified for HBV reactivation, despite the evidence
supporting the importance of this issue [64].

The risk of HBV reactivation can be assessed based on
positivity for HBV serum biomarkers (HBsAg, anti-HBc,
HBV DNA) and the type, duration, combination of agents,
and dosing of immunosuppressive or chemotherapeutic
agents [64]. HBV reactivation risk can be as high as 40–
70% in anti-HBc-only, patients who are undergoing chemo-
therapy with B cell depleting antibodies like rituximab [64].

Noting that reactivation after immunosuppressive therapy
is associated with significant morbidity and mortality, the
AGA recommends antiviral prophylaxis for patients classified
as at either moderate or high risk for reactivation; for low-risk
patients, there is no prophylaxis recommendation; monitoring
is per provider preference but seemingly sufficient [64, 65].
Entecavir and tenofovir prodrugs should be used as first-line
prophylaxis or therapy due to their stronger antiviral potency
and high threshold for resistance.

Anti-HBc in Coinfected Populations

Coinfection with HBV and hepatitis C virus (HCV) or hepa-
titis D virus is known to suppress HBV replication [68] and
may occasionally result in anti-HBc only status [7]. In addi-
tion, mutations in the S gene may occur during coinfection
[69]. HBV reactivation during or after HCV treatment is pos-
sible in these patients. The FDA requires a boxed warning on
the labels of all HCV direct-acting antivirals (DAAs) mandat-
ing HBV screening and monitoring in all patients receiving
DAA treatment [70]. Although HBV reactivation is rare in
chronic hepatitis C patients treated with DAAs, to fully protect
patients, thorough HBV diagnostics is appropriate before
starting HCV therapy [31]. If HBV is not treated in those
who are known to be coinfected, HBV DNA should be mon-
itored, with initiation of HBV therapy with any rise of HBV
DNA, especially if there is a rise in ALT. In individuals who
are HBsAg negative and anti-HBc positive, the risk of HBV
reactivation under HCV direct-acting antivirals and prophy-
laxis is not recommended but ALT shall be monitored to de-
tect clinically relevant HBV reactivation. The decision-
making flow chart for this is shown in Fig. 2.

In the HALT-C cohort, neither OBI nor anti-HBc positivity
increased HCC incidence in chronic hepatitis C patients [69].
However, conflicting reports indicated that there may be an
increased risk of fibrosis and HCC in anti-HBc + patients [71].
A recent major review concluded that these conflicting data
precludes firm conclusions on the influence of OBI on
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hepatitis C natural history [72]. HBV and HIV share the same
routes of transmission; most HIV-HBV coinfected patients are
injection drug users [68]. In HIV-positive patients who expe-
rience acute HBV infection, there is an increased likelihood of
progression to CHB, with risk increased by a low CD4 T cell
count [73]. In anti-HBc-only patients coinfected with HIV,
there is commonly HBV viremia documented by qHBV
DNA PCR [7, 74]. HIV and OBI can also present as fulminant
hepatitis [74]. There have been case reports of HBV reactiva-
tion in anti-HBc-only HIV-positive patients treated with
DAAs [75]. Since anti-HBc only status has been reported in
many HIV-positive patients, [76] screening solely for HBsAg

would underestimate the prevalence of HIV-HBV coinfection,
OBI and HIV-HBV-HCV tri-infection, and the risk of hepati-
tis B flares. Screening for both anti-HBc and HBsAg signifi-
cantly increases the probability of finding patients with past
exposure to HBV [77]. A full HBV panel including HBsAg,
anti-HBs, and anti-HBc is recommended for HIV-positive pa-
tients, with any positive HBV biomarker leading to sensitive
HBV DNA PCR testing [78, 79]. If there is any evidence of
HBV infection, an HIV antiretroviral regimen with HBV cov-
erage such as tenofovir disoproxil fumarate (TDF) or
tenofovir alafenamide (TAF) should be considered as first-
line therapy [77].

Fig. 2 Project ECHO HBV
monitoring for patients on HCV
treatment. Abbreviations: HBV,
hepatitis B virus; HCV, hepatitis
C virus; HBsAg, hepatitis B
surface antigen; anti-HBc,
hepatitis B core antibody; anti-
HBs, hepatitis B surface antibody;
HBV DNA quant, quantitative
HBV DNA; ALT, alanine
aminotransferase; TDF, tenofovir
disoproxil fumarate; ETV,
entecavir; DAA, direct-acting
antiviral

Table 1 American Gastroenterological Association classification of reactivation risk in HBsAg(−)/anti-HBc(+) patients [64]

Reactivation risk Agents used for treatment

High risk: > 10% estimated incidence of reactivation B cell-depleting agents (e.g., rituximab, ofatumumab)

Moderate risk: 1%–10% estimated incidence
of reactivation

TNF-α inhibitors (e.g., etanercept, adalimumab, certolizumab, infliximab)
Other cytokine inhibitors and integrin inhibitors (e.g., abatacept,

ustekinumab, natalizumab, vedolizumab)
Tyrosine kinase inhibitors (e.g., imatinib, nilotinib)
Anthracycline derivatives (e.g., doxorubicin and epirubicin)
Moderate- or high-dose corticosteroids for ≥4 weeks

Low risk: < 1% estimated incidence of reactivation Traditional immunosuppressive agents (e.g., azathioprine,
6-mercaptopurine, methotrexate)

Intra-articular corticosteroids
Corticosteroid therapy for ≤ 1 week
Low-dose corticosteroid therapy for ≥ 4 weeks
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Table 2 Considerations on the interpretation of quantitative anti-HBc

Clinical situation Role of anti-HBc Comments

Different phases of infection:
HBeAg(+)/high viremia,
HBeAg(−) infection [93]

qAnti-HBc level higher (> tenfold) in low
viremic and HBeAg(−) groups compared
to high viremic and phases of infection

qAnti-HBc could be reflective of the current
inflammatory burden and infectivity. Level
also higher in HBV genotype B, occult HBV
infection compared to resolved HBV infection

qAnti-HBc and liver injury [94] qAnti-HBc levels directly correlate to ALT
level and are higher in low viremic, HBe
Ag(−) phases. qAnti-HBc level is inversely
related to HBsAg levels.

qAnti-HBc level reflects HBV infection with
active liver injury; thus, higher anti-HBc level
is reflected by higher level of ALT. qAnti-HBc
level could be helpful in CHB patients to
differentiate whether higher ALT is secondary
to CHB or development of resistance to
therapy versus other etiologies.

Predictive of treatment response [95] Baseline anti-HBc level and HBV levels
could predict treatment response.

Baseline qAnti-HBC of ≥ 4.4 log10 IU/mL and
HBV DNA of < 9 log10 copies/ml, or baseline
qAnti-HBc of ≥ 30,000 IU/mL could predict
better response to currently approved first
line therapies.

Predicting HBV reactivation
during immune suppression [96]

Levels of anti-HBc can be used to predict
HBV reactivation during chemotherapy

Levels of Anti-HBc should be combined with
levels of anti-HBs as a useful predictor of
chemotherapy-induced reactivation

Differentiation of acute vs
chronic hepatitis B [97]

The ratio of S/CO of anti- HBc IgM and
HBV DNA level can differentiate between
CHB and acute hepatitis B

When the S/CO of Anti-HBc IgM and HBV
DNA are taken together, sensitivity and
specificity are high

Differentiation between acute
hepatitis or associated liver
failure and flares of CHB [98]

Can be differentiated by IgM level, VL,
and ratio of anti-HBc/VL

Acute infection-associated liver failure has
significantly higher IgM anti-HBc, lower VL,
and high IgM anti-HBc/ VL ratio compared
to CHB-associated liver failure

Predicting natural clearance of
HBsAg from the blood [47]

Associated levels of anti-HBc < 3 log IU/mL
with undetectable HBV DNA and HBsAg
seroclearance occurring within 10 years

Asian population; no nucleotide therapy;
prediction of HBsAg clearance if HBsAg
quant < 102 at baseline

Q quantitative; S sample; CO cutoff; AHB acute hepatitis B; VL viral load

Table 3 Interpretation of HBV biomarkers

HBsAg Anti-HBs Anti-HBc IgG Anti-HBc IgM Interpretation Comment

− − − − ▪ HBV-naive
▪ No or insufficient vaccination

Needs vaccination to decrease HBV
infection risk

+ − + + Acute HBV infection or active
hepatitis flare in a chronic HBV patient

▪ Control ALT levels in short-term intervals
▪ Wait 6 months; repeat HBV panel

+ − + − Chronic HBV infection Evaluate patient for treatment

− + − − Protective immunity (after vaccination) Titer ≥ 100 IU/l is desirable

− − + − ▪ Recovered from HBV infection
with incomplete immune control

▪ Anti-HBs titer < 10 IU/L
▪ Risk of reactivation under immune

suppression
▪ May transmit HBV with liver or

bone marrow transplant

▪ Observe the patient
▪ Needs HBV DNA PCRs if undergoing

chemotherapy or immune suppression
or elevated ALT

▪ Low risk of transmission only in
special situations

− + + − ▪ Recovered from past HBV infection
▪ Low risk of HBV reactivation

▪ Observe the patient
▪ Might need HBV DNA PCRs if

undergoing chemotherapy or immune
suppression

▪ Negligible risk of transmission under
normal conditions
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Anti-HBc Status: Liver Transplant Setting

In HBsAg-negative patients who receive a liver transplant
from an anti-HBc-positive donor, there is a risk of HBV in-
fection and recipient seroconversion, depending on the recip-
ient’s anti-HBc and anti-HBs status [80]. In a retrospective
study of 207 patients HBsAg-negative prior to transplant from
anti-HBc + donors, 20 were found to be HBsAg-positive post-
transplant; 19 had post-transplant HBV DNA in their serum
[81]. In studies, 50% [82•] or 31.8% [83•] of HBV serum
biomarker-negative recipients receiving anti-HBc-positive
liver grafts developed HBV infection post-transplant. In the
latter study, this did not influence patient or graft survival, and
further analysis showed that positive anti-HBs status in the
recipient was protective. In a recent retrospective study from
Hong Kong on outcomes from 964 liver transplants, trans-
plantation of anti-HBc positive liver grafts did not negatively
impact HCC recurrence or survival of the patient or graft [84].
In the setting of kidney transplantation, the risk of transmis-
sion from an anti-HBc + donor is markedly lower than for
liver transplantation [85].

Including anti-HBc for screening, not only blood but in
particular organ donors is vital [37, 86–91]. To decrease
HBV transmission or allow immune control, recipients who
are HBV-negative should be vaccinated against HBV before
organ and in particular before liver transplant [82]. Anti-HBc-
positive recipients can receive allografts from anti-HBc-
positive donors with ongoing nucleos(t)ide treatment. In case
of mismatch, where recipient is negative for serum HBV
markers and donor is anti-HBc-positive, the recipient should
be treated with long-term prophylactic antiviral treatment
[92]. In the setting of kidney transplantation, up to 1 year of
prophylaxis may be considered in susceptible recipients but is
not recommended for immune recipients [85].

Conclusions

It is crucially important for clinicians to understand the
importance of screening patients to determine the anti-HBc
status, proper interpretation of HBV biomarkers (see
Tables 2 and 3), and that “anti-HBc only” indicates exposure
to HBV, lifelong persistence of cccDNA with incomplete
control of infection, and risk for reactivation under strong
immunosuppression. Clinicians also need to be aware of
common misconceptions, including that the core antibody
has a high false-positive rate. This is definitively not true when
current generation tests that have very high sensitivity and
specificity and very low false-positive rates (< 2/1000) are
used. Another misconception is that patients with anti-HBc
only status or OBI need “vaccine boosting” to provide
“protection” from infection as there is no direct evidence to
support this. It is also very important to expand understanding
among both clinicians and patients that HBV reactivation is a
risk in individuals requiring HCV DAA therapy, chemother-
apy, or potent immunosuppressive therapy. Despite the sub-
stantial body of evidence demonstrating the risk of reactiva-
tion, this too often goes unaddressed in clinical settings where
patients are not screened for HBV infection prior to initiation
of such therapies and thus do not receive appropriate prophy-

laxis. Careful screening of liver transplant recipients and or-
gan donors for anti-HBc, with appropriate follow up including
transplant recipient vaccination where appropriate, is also
absolutely necessary. As our understanding of the usefulness
of anti-HBc levels expands (Table 2), they should also be
considered in research settings, and ultimately clinical utility
may expand.
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