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Summary
In October 2018 a large number of international experts with complementary expertise came together in

Taormina to participate in a workshop on occult hepatitis B virus infection (OBI). The objectives of the

workshop were to review the existing knowledge on OBI, to identify issues that require further investi-

gation, to highlight both existing controversies and newly emerging perspectives, and ultimately to

update the statements previously agreed in 2008. This paper represents the output from the workshop.
� 2019 European Association for the Study of the Liver. Published by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction
The first international workshop on occult

hepatitis B virus (HBV) infection (OBI) was held

in Taormina (Italy) in 2008 to review the biology

and clinical implications of OBI. A panel of interna-

tional experts produced a document, the Taormina

statements and recommendations on OBI that was

published in the Journal of Hepatology in 2008.1

Subsequently, many studies on OBI have been

conducted but only a few of the uncertain issues

have been resolved. In fact, many aspects of OBI

are still controversial, including prevalence, patho-

biology and clinical implications. In addition, new

challenges have emerged, such as methods and

sensitivities of assays for detection and risks of

transmission. Thus, it was considered timely to

re-visit and discuss the current understanding of

OBI, and so 10 years after the first meeting, a

new workshop dedicated to OBI was again held

in Taormina, on October 1–2, 2018. This workshop

included 5 sessions (Virology and Immunology,

Diagnosis, Epidemiology, Transmission, and Liver

diseases/Therapeutic implications) with presenta-

tions by invited experts followed by panel discus-

sions. A sixth session engaged all the participants,

with the goal of reaching a consensus and produc-

ing an update to the 2008 statements, culminating

in this report.

Definition
� Occult HBV infection (OBI) is defined as the

presence of replication-competent HBV DNA
(i.e. episomal HBV covalently closed circular
DNA [cccDNA]) in the liver and/or HBV DNA
in the blood of people who test negative for
hepatitis B surface antigen (HBsAg) by cur-
rently available assays.

� Based on the HBV-specific antibody profiles,
OBI may be categorised as (Fig. 1):
Seropositive OBI – hepatitis B core antibody
(anti-HBc) and/or hepatitis B surface anti-
body (anti-HBs) positive.

Seronegative OBI – anti-HBc and anti-HBs
negative.

Among individuals with OBI, the prevalence of

detectable HBV DNA in serum/plasma varies

depending on the population studied, the sensitiv-

ity of the assay used, and whether blood samples

at 1 or more time-points are tested. Many studies

have found that HBV DNA is only intermittently

detected in serum/plasma,2–6 and when detect-

able, the concentration is low, usually less than

200 IU/ml (about 1,000 copies/ml).6–12

In people with seropositive-OBI, HBsAg may

have become negative either following the resolu-

tion of acute hepatitis B (thus, after a few months

of HBsAg carriage) or after decades of HBsAg pos-

itive (namely, ‘‘overt”) chronic HBV infection with

or without disease. It is unknown whether

patients with chronic HBV infection/disease who

become HBsAg negative following antiviral ther-

apy are comparable to patients who sponta-

neously clear HBsAg from the virological and

immunological points of view, e.g. duration of

exposure to high viral load and restoration of

immune response to HBV. The possible clinical

implications of this distinction are also unknown.

People with seronegative OBI (estimated to

comprise between 1% and 20% of all individuals

with OBI)7,13–15 might have either progressively

lost the hepatitis B antibodies (anti-HBc and

anti-HBs) or have been hepatitis B antibody nega-

tive since the beginning of the infection. The latter

condition has been described in the woodchuck

model of occult woodchuck hepatitis virus

(WHV) infection.16

A subset of people with OBI are infected with

HBV S variants carrying mutations in the S gene

(‘S-escape’ mutations), resulting in the production

of modified HBsAg that is not recognised by some

commercially available HBsAg assays. Circulating

HBV DNA levels in these people may be compara-

Key point

In the vast majority of

cases, OBI is characterized

by the long-lasting persis-

tence of low levels of HBV

cccDNA chromatinised epi-

somes in hepatocytes, with

a strong suppression of

overall replication activity

and viral protein expres-

sion exerted by the host’s

defence mechanisms.
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ble to those detected in HBsAg positive individu-

als. Additional HBV variants with mutations in

the S-gene promoter and splice variants have also

been reported to affect HBsAg production/secre-

tion and to be responsible for some cases of

OBI17–27 (Fig. 2).

Virology and immunology
� The molecular basis of OBI is related to the

stability and long-term persistence of
cccDNA in the nucleus of infected hepato-
cytes (Fig. 3).

The episomal HBV cccDNA exists as a chroma-

tinised viral minichromosome, which is very

stable and long-lasting. Together with the long

half-life of hepatocytes, this implies that HBV

infection, once initiated, may continue for life even

if efficient immune control is achieved.15,28–36

� The vast majority of OBI cases have low
levels of HBV cccDNA in the liver, and sup-
pression of overall replication activity and
viral protein expression is exerted by the
host’s immunologic and epigenetic
mechanisms.

The low level of transcriptionally active cccDNA

in OBI cases results in low or undetectable HBV

RNA transcription and subsequent protein transla-

tion and expression.15,37 However, cccDNA in OBI

cases is fully replication competent.38 HBV DNA

may be integrated into the host’s genome and

remain in the hepatocytes of HBV-infected indi-

viduals after spontaneous or treatment-induced

HBsAg clearance. However, integrated HBV DNA

is not replication competent and its detection is

not required to make a diagnosis of OBI, since

OBI is defined as the persistence of replication-

competent HBV DNA.

� Immune response to HBV in OBI has not
been sufficiently investigated.

� OBI is associated with antiviral immune
responses that are believed to be important
in maintaining HBV control.

The high prevalence of OBI worldwide suggests

that the immune system is effective in controlling

HBV (even if it is not definitively cleared) in the

majority of people with OBI.39 Antiviral immune

responses in OBI are continuously stimulated by

persistent/intermittent low concentrations of

HBV antigens.40,41 Studies performed after sponta-

neous resolution of acute or chronic HBV infec-

tions indicate that different profiles of antiviral T

cell response are associated with the acquisition

of HBV control. This difference in efficiency of

antiviral protective mechanisms is probably

related to the short or long-term duration of expo-

sure of the immune system to high antigen and

viral loads.42 In these studies, however, the pres-

ence of OBI was only inferred from anti-HBV anti-

body positivity but not directly diagnosed by the

detection of HBV DNA. In individuals with OBI,

the immune response was confirmed by detection

of HBV DNA in a single study which showed differ-

ent profiles of T cell immune response against HBV

epitopes in OBI-seropositive and OBI-seronegative

individuals. While ex vivo responses were simi-

larly weak, in vitro T cell expansion following

specific peptide stimulation was generally more

efficient among individuals with seropositive OBI

than seronegative OBI.43 Not only T cells, but also

humoral antibody responses appear to be impor-

tant in host control of OBI,44 as indicated by the

frequent HBV reactivations observed in patients

treated with B-cell selective monoclonal based

therapies (anti-CD19/20; e.g. rituximab and ofatu-

mumab). Finally, innate immunity is also likely to

contribute to HBV control in occult infection, but

no data are available on this issue at present.

Primary occultHBsAg lost after 

acute hepatitis

Progressive antibody

disappearence
HBsAg lost during

chronic hepatitis

OBI

SeronegativeSeropositive

Fig. 1. Schematic representation of HBV serum marker profile in naturally occurring OBI. AH, acute hepatitis; CH, chronic

hepatitis; HBV, hepatitis B virus; OBI, occult HBV infection.
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Diagnosis
� Diagnosis of OBI is based on the detection of

HBV DNA in the blood or the liver of HBsAg-
negative individuals.
o Detection of HBV DNA in the liver is the

gold standard.
o Detection of HBV DNA in the blood is com-

monly used.
o Detection of anti-HBc in the blood is often

used as a surrogate.

The diagnosis of OBI is based on the sensitivity

of assays used in the detection of HBV DNA and

HBsAg. HBsAg assays with inadequate sensitivity

or inability to detect HBV S variants may lead to

a false negative HBsAg result and misdiagnosis of

OBI in people with overt HBV infection. On the

other hand, HBV DNA assays with inadequate sen-

sitivity can result in false negative HBV DNA

results and may lead to a missed diagnosis of OBI.

The lower limit of detection of most currently

available commercial HBsAg assays is 0.05 IU/ml.

Recent studies found that between 1% and 48% of

samples that tested negative using these assays

test positive using more sensitive HBsAg assays

with a lower limit of detection of 0.005 IU/ml.45–47

Besides sensitivity, commercial HBsAg assays

differ in their ability to detect S-escape vari-

ants.45,48–50 The use of anti-HBs probes targeting

multiple epitopes of HBsAg should be mandatory

for all HBsAg assays to ensure the detection of

HBV S variants.

Moreover, all serological assays detect excess

HBsAg in the presence of immune complexes.

Co-occurrence of anti-HBs in excess in those with

HBV infection may thus interfere with the detec-

tion of HBsAg. In that situation, some people with

OBI may become HBsAg positive if tested using

assays that can dissociate HBsAg from immune

complexes that bind HBsAg to anti-HBs.51

The lower limit of detection of most currently

available commercial HBV DNA assays is

10–20 IU/ml. It is important that HBV DNA assays

have similar performance across HBV genotypes

and subtypes. Because HBV DNA is usually present

in low concentrations and may only be intermit-

tently detected in people with OBI, testing blood

samples collected at more than one time-point,

as well as testing DNA extracts from no less than

1 ml of serum or plasma is recommended for the

diagnosis of OBI.

In the setting of blood transfusion, assays used

for nucleic acid testing (NAT) of blood products

have high specificity (99.9%) and a limit of

detection of 2–4 IU/ml HBV DNA when applied to

individual units. When NAT screening is

conducted in minipools of multiple donations

(typically, 6–20 donations per pool), the sensitiv-

ity decreases according to the dilution factor intro-

duced by the pooling process.52 One study using a

highly sensitive HBV DNA assay with a limit of

detection of 3.4 IU/ml identified 3 blood donors

who previously tested negative for HBsAg and

HBV DNA and who were shown to have transmit-

ted HBV.6 As much as 2–24 ml of donor plasma

was used for testing and not all archived samples

from these donors tested positive for HBV DNA.

The ideal method of diagnosis of OBI is the

detection of replication-competent HBV DNA in

the liver. However, standardised and valid assays

for HBV DNA detection in the liver are not yet

available. Studies using in-house assays have vari-

able sensitivities and specificities. The recom-

mended methods include nested-PCR techniques

to amplify at least 3 different viral genomic

regions, real-time PCR assays, or droplet digital

PCR assays.1,7,15,53,54 In each case the assay must

include primer sets that enable detection of

replication-competent HBV DNA. It is important

that the liver samples are properly processed to

avoid cross-contamination and that appropriate

negative controls are included to confirm the

specificity of the assays. It is also important that

a panel of HBV standards is included to validate

the sensitivity of the assay. Given that HBV DNA

is present in low concentrations in people with

OBI, adequately sized samples, and fresh frozen –

but not formalin fixed - liver tissue should be

used.

Detection of anti-HBc in the blood may be used

as a surrogate marker to identify OBI in blood/

organ donors, in people who are about to receive

immunosuppressive therapies, and for epidemio-

logical studies. In these settings, liver tissue is

often not available, access to tests for HBV DNA

in the blood may be limited or delayed, and

undetectable HBV DNA in blood tested at one

time-point does not rule out OBI. Indeed, HBV

reactivation has been reported in HBsAg-

negative, anti-HBc-positive individuals who have

undetectable HBV DNA in the blood.55 Similarly,

anti-HBc testing may identify some blood donors

with OBI who have undetectable HBV DNA in

mini-pool NAT.11 Although earlier anti-HBc assays

had high rates of false positive results, the speci-

ficity of most currently available commercial

assays is very high (≥99%).56

It should be noted that the absence of anti-HBc

does not rule out OBI, although the prevalence and

OBI-associated HBV variants

S-escape variants

HBV DNA levels

comparable to

overt infection

S promoter variants

HBV DNA levels

comparable  to

overt infection

Splice variants

HBV DNA levels

low or

undetectable

Fig. 2. HBV genetic variants leading to the synthesis of HBsAg unrecognised by available
assays or affecting its production/secretion. HBV, hepatitis B virus; HBsAg, HBV surface

antigen.

Key point

The lack of sensitive, stan-

dardised, and validated

assays for the diagnosis of

OBI is a major limitation,

and available data across

studies cannot be properly

compared and combined.
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clinical significance of seronegative OBI in humans

are unknown.

Epidemiology
� Defining the epidemiology of OBI can be chal-

lenging as it relies on the performance and
sensitivity of HBsAg and HBV DNA detection

assays; it also varies with the presence of risk
factors for HBV exposure, the presence and
severity of liver disease, the prevalence of
HBV in the general population of a given
country, and the definition used for OBI.

� The majority of prevalence studies have been
conducted on blood donors and patients with
liver disease. The OBI prevalence in these
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groups is related to the prevalence of overt
HBV infection in that geographical area and
the population studied.

� Due to methodological limitations, OBI preva-
lence in the general population is still largely
undefined.

� The prevalence of OBI is higher in patients
with chronic liver disease and may be as high
as 40% to 75% in those with HBsAg-negative
hepatocellular carcinoma (HCC).

� OBI is rarely detected amongst blood donors,
with HBV DNA detection rates in HBsAg-
negative samples typically being less than 0.5%.

The prevalence of OBI varies greatly across the

world and across patient populations, with higher

rates reported in Asia.13 Yet, despite high

endemicity, a low prevalence of OBI has been

found by various groups in Asia and in Africa.57–60

Prevalence rates have varied from as low as <1%

to as high as 87% but these results need to be

interpreted with caution2,59 because a number of

factors can influence rates of OBI including the

particular risk group studied, sampling issues,

assay sensitivity, and the prevalence of HBsAg in

the geographical region in which the study was

conducted. Higher rates have also been found in

individuals with risk factors for HBV infection,

e.g. those coinfected with hepatitis C virus (HCV)

(15%–33%)7,61 or human immunodeficiency virus

(HIV) (10%–45%),62–65 people who inject drugs

(45%),66 and people on dialysis (27%).67 Prevalence

rates are also higher in patients with HCC (62%),68

cryptogenic cirrhosis (32%),69 or those who have

undergone liver transplantation (64%).70 In care-

fully conducted studies of blood donors,71 HBV

DNA was detected in 0% to 4.6% of those who were

HBsAg-negative and anti-HBc positive, with or

without anti-HBs, with a median prevalence of

1%.11,22,55,56,67,68,72,73 There is a single study that

tested HBV DNA in the liver to determine the

prevalence of OBI in patients with no liver disease.

In this study, HBV DNA was detected in 16% of Ital-

ians with normal liver histology who underwent

abdominal surgery from 2002 to 2006.74

As discussed earlier, the performance and sen-

sitivity of the HBsAg and HBV DNA assays, the

characteristics of the study population, the preva-

lence of HBsAg positive infection in the general

population, and the criteria used to define OBI

can all influence OBI prevalence rates. Thus, it is

difficult to compare data between studies or to

perform meta-analyses across studies.

Transmission
Blood transfusion
� HBsAg-negative, HBV DNA positive blood

components have to be considered infectious.
� HBV transmission from OBI blood donors is

still a major health issue in low- and
middle-income countries, where anti-HBc
and/or NAT are not implemented.

� A residual risk of transfusion-transmitted OBI
exists even in developed countries, because
the minimal HBV DNA infectious dose is
below the limit of detection of the current
NAT assays.

� The incidence of transfusion-related transmis-
sion of HBV from OBI donors might be
underestimated.

Several and often concomitant reasons may be

underestimated due to: a) undetectable or inter-

mittently detectable HBV DNA in donors; b) diffi-

culty and reluctance to trace recipients; c) lack

or limited volume of donor archive samples; d)

HBV infection in recipients without clinically evi-

dent acute hepatitis, which generally goes unno-

ticed, and may represent the majority of cases of

transfusion-related transmission from OBI

donors.75

The presence of anti-HBs in recipients prior to

transfusion significantly reduces the risk of

infection.76 A recent study from Candotti and

colleagues6 investigated 3 repeat HBsAg-

negative donors from Slovenia who had unde-

tectable HBV DNA by highly sensitive NAT and

who transmitted HBV to 9 recipients following

transfusion of blood components. This study

has enabled a revised estimation of the minimal

HBV infectious dose from the previous 20 IU/ml

to approximately 3.0 IU/ml of HBV DNA. The

NAT sensitivity required to prevent HBV

transmission by transfusion would need to be

lowered from the current 3.4 IU/ml to a new

lower limit of detection of 0.15 IU/ml.

Transfusion transmission of HBV could be

reduced by implementing anti-HBc screening (if

donor loss rate is not too high) or HBV NAT with

a lower limit of detection of 0.15 IU/ml (techno-

logically demanding), NAT screening of individual

donation (rather than mini-pool) with larger vol-

umes, or pathogen reduction strategies.

Liver transplantation
HBV transmission can occur from an OBI-

seropositive liver donor to a recipient who is

HBV susceptible. These recipients should receive

lifelong prophylaxis with nucleos(t)ide analogues

(NUCs) to prevent hepatitis B.

HBV persists in the liver of people who had

been infected even after HBsAg clearance. Thus,

an OBI liver donor can transmit HBV infection to

an HBsAg-negative, anti-HBc negative and anti-

HBs negative recipient with possible development

of hepatitis B.77,78 Long-term prophylactic antivi-

ral therapy with a NUC, such as entecavir or teno-

fovir, is recommended. However, while HBsAg

positive infection is prevented, antiviral prophy-

laxis may not prevent the development of an OBI

in the recipient.79,80 HBV DNA can be detected in

the liver of patients who received liver transplan-

tation for hepatitis B and who received anti-HBV

prophylaxis. Despite the absence of detectable

Key point

The prevalence of OBI var-

ies greatly across the

world, with a higher

prevalence in areas of ele-

vated HBV endemicity and

among those subjects at

higher risk of parenteral

transmission of the viruses.

JOURNAL 

OF HEPATOLOGY

Journal of Hepatology 2019 vol. 71 j 397–408 401



HBsAg and HBV DNA in serum, OBI of the liver

grafts is frequent. Thus, lifelong prophylaxis with

NUCs is recommended for all patients who had

liver transplantation for hepatitis B.80–82

Mother-to-child transmission
� OBI may occur in newborns from HBsAg posi-
tive mothers despite proper active/passive
immunoprophylaxis at birth.83–91

HBV vaccination is one of the most important

and most successful accomplishments in medical

science. The World Health Organization has pro-

posed goals to eliminate HBV by 2030.92 Elimina-

tion of mother-to-child transmission of HBV is

one of the most important tactics to achieve this

goal. OBI in newborns, detection of anti-HBc but

not HBsAg after the age of one when passive trans-

fer of maternal antibodies should have disap-

peared, occurs when immunoprophylaxis fails to

completely prevent HBV infection but succeeds

in modulating the infection to prevent progression

to chronic HBV infection.

Clinical implications
� In the vast majority of cases, OBI does not
appear to lead to any clinical sequelae. How-
ever, OBI may result in transmission of HBV
infection to blood or organ transplant recipi-
ents, and reactivation of HBV replication in
patients receiving cancer chemotherapy or
other immunosuppressive therapies.

A still widely debated topic is whether OBI may

accelerate the progression toward cirrhosis and

the development of HCC in patients with chronic

liver disease caused by other factors (e.g. HCV,

alcohol, non-alcoholic steatohepatitis).13,93,94

While many studies, including some studies from

Europe and the United States where the preva-

lence of HBV infection in the general population

is low, have shown a significant association

between OBI (as determined by detection of HBV

DNA in the liver) and HCV-related cirrhosis as well

as HCV-related HCC,95–97 other studies in these

locations found no association.98 Most studies

have found a high prevalence of anti-HBc among

patients with HCV-related HCC, but not all studies

have shown a significantly higher prevalence com-

pared to patients with chronic HCV and no

HCC.97,99–102 Similarly, among the few studies

where detection of HBV DNA in liver was per-

formed, some but not all studies showed a differ-

ence in detection rates between patients with

HCV, with and without HCC.15,96,98

In the woodchuck model, the clearance of the

WHV surface antigen is invariably associated with

persistent detection of WHV DNA in the liver as

well as mild persistent necroinflammation and a

high rate of HCC development.103–105 Both virus-

and host-related differences may explain the

higher association rates compared to HBV infec-

tion in humans.

OBI retains several of the oncogenic mecha-

nisms of overt HBV, including production of pro-

oncogenic proteins and the propensity of the viral

DNA to integrate into the host’s genome.15,106,107

Further studies on molecular epidemiology and

onco-pathogenesis are required to confirm the

role of OBI in HCC development, and to determine

the mechanisms by which it might exert a pro-

oncogenic activity.

HBV reactivation
The definition of HBV reactivation in patients with

OBI generally includes: i) HBsAg seroreversion

and/or an increase of serum HBV DNA by at least

1 log above the lower limit of detection of the

assay in a person who had previously undetectable

HBsAg and HBV DNA in serum, and ii) a more than

1 log increase in serum HBV DNA in people who

had detectable HBV DNA at baseline.

People with OBI can experience reactivation of

HBV replication when they receive cancer

chemotherapy or other immunosuppressive thera-

pies. Although the incidence is lower than in those

with chronic HBV infection, HBV reactivation can

occur in up to 40% of people with OBI when potent

immunosuppressive therapies are used. The risk is

high (>10%) in patients receiving anti-CD20 con-

taining regimens and myeloablative regimens for

hematopoietic stem cell transplantation.108–111

The risk is low (<1%) to moderate (1–10%) in peo-

ple who receive other cancer chemotherapies,

high dose corticosteroids, or anti-rejection thera-

pies for solid organ transplantation.112 Earlier

studies suggested that the risk is modest in indi-

viduals with OBI receiving tumor necrosis factor

inhibitors, but recent studies found that the risk

of HBV reactivation is very low in patients receiv-

ing these therapies.103 Similarly, the risk of HBV

reactivation is very low in individuals with OBI

receiving direct-acting antiviral therapy for hep-

atitis C.113–115

Given the shared transmission routes for HIV

and HBV, and the immune impairment produced

by HIV, OBI and HBV reactivations were more fre-

quently reported in patients with acquired

immunodeficiency syndrome. Following the wide-

spread use of potent antiretroviral therapies,

including antiretroviral agents with anti-HBV

activity, reactivation of OBI has become negligible

in the HIV population receiving appropriate ther-

apy. However, HBV reactivation can occur in

patients coinfected with HIV when antiretroviral

regimens are modified and drugs active against

HBV are withdrawn.

Most studies on HBV reactivation in people

with OBI relied on detection of anti-HBc. In studies

where HBV DNA in the blood is tested, the risk of

HBV reactivation is higher in those with detectable

HBV DNA but the risk is also present in those with

undetectable HBV DNA in serum.55 Anti-HBs anti-

body – when present – may progressively

decrease during immunosuppressive therapy,

Key point

Although OBI potentially

maintains the pro-

oncogenic properties usu-

ally attributed to the

HBsAg-positive HBV infec-

tion, its role as a risk factor

for hepatocellular carci-

noma development still

needs to be confirmed.
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and HBV reactivation can also occur in people who

are anti-HBs and anti-HBc positive.55,116,117 Pro-

phylactic antiviral therapy with NUCs with a high

barrier to resistance, i.e., entecavir or tenofovir,

should be used in all patients with OBI at high risk

of HBV reactivation. Those at moderate risk may

receive prophylactic antiviral therapy and if not,

they should be closely monitored and antiviral

therapy initiated at the earliest sign of HBV reacti-

vation. Those at low risk do not require prophylac-

tic antiviral therapy but they need to be

monitored. Risk stratification, indications for pro-

phylactic antiviral therapy and frequency of mon-

itoring are described in professional society

guidelines.118–120

Antiviral therapy
� Currently, antiviral therapy is not recom-
mended for individuals with OBI.

The proposed definition of HBV functional cure,

clearance of HBsAg, may suggest a conversion

from overt HBV infection to OBI, but a key differ-

entiation is that the definition of HBV functional

cure requires that HBV DNA is not detected in

blood. While low amounts of HBV DNA can persist

in the liver, replication is suppressed – possibly by

the host immune response. The risk of HCC and

liver mortality is lower in patients with chronic

HBV infection who have cleared HBsAg.121

The current drug discovery efforts and clinical

trials aim at developing novel antiviral strategies

to achieve a cure for HBV. Sterilising cure with

eradication of cccDNA and integrated HBV DNA

is likely not possible. Thus, current efforts focus

on achieving functional cure defined as HBsAg

clearance in a high proportion of patients after a

finite course of therapy.122 Patients with overt

HBV infection who achieve functional cure would

be HBsAg negative, anti-HBc positive with or with-

out anti-HBs. While HBV DNA is not detected in

the blood, the majority if not all of these patients

would still have detectable HBV DNA in the liver.

Multiple studies have shown that spontaneous or

treatment-induced HBsAg clearance in patients

with chronic HBV infection result in decreased

necroinflammation of the liver and, in turn, in a

reduced risk of cirrhosis, HCC, and HBV-related

mortality.118,119

The development of quantitative and more sen-

sitive assays based on digital droplet PCR for

cccDNA detection has shown the possibility of

detecting as little as 1 cccDNA copy/105 liver

cells54,123 in patients with chronic hepatitis B

and viral suppression during NUC therapy, as well

as in liver donors with OBI. If these results are con-

firmed, these assays will help to evaluate antivi-

rals aimed at HBV cure, while highlighting the

very high bar required to demonstrate eradication

of HBV.

To eliminate HBV from people with OBI, HBV-

infected hepatocytes would either need to be

eliminated or cured. Several paths could theoreti-

cally be investigated:

� Elimination of cccDNA within infected hepato-
cytes (i.e. curing infected cells) through
cccDNA targeting strategies such as the gene
editing approaches including the CRISPR/Cas9
technologies,124,125 or cytokine-mediated
degradation of cccDNA;126–128

� Specific killing of infected hepatocytes using
strategies aimed at restoring HBV-specific T
cell responses (check point inhibitors, restora-
tion of HBV-specific T cell metabolism), thera-
peutic vaccination strategies, engineered T cell
therapies such as chimeric antigen receptor
(CAR-T) cells technologies129 or HBV-T cell
receptor (TCR) engineered T cells130 to kill
the residual infected cells in the liver.

This would require not only the adaptation of

these cutting-edge technologies to this clinical

application, but also more understanding of the

biology of cccDNA and immune control, as well

as of the number of infected hepatocytes in the

setting of OBI.

More research will be necessary to achieve

these goals, but such research is clearly warranted

in light of the expected clinical benefit in terms of

prevention of viral reactivation, transmission, and

complications of the underlying liver disease.

Further research studies
Several clinical and biological aspects of OBI

need to be further explored. In this context, a

fundamental objective is to definitively clarify

whether, how, and in which circumstances OBI

might be involved in liver injury and/or hepato-

carcinogenesis. Studies aimed at understanding

the immunological mechanisms that drive the

development of OBI would be of seminal impor-

tance, as they might help in understanding the

deficiencies in host immune control which lead

to the development of productive HBV infection,

and provide insights into new directions to cure

HBV infection.

The 2018 OBI workshop speakers identified the

following questions that should be addressed to

resolve the controversies and uncertainties

surrounding prevalence, clinical implications, and

virologic/immunologic mechanisms of OBI.

Epidemiology and clinical research:
� Adopt standardised methods of reporting for
studies on OBI such that results across studies
can be compared and combined.

� Development of more sensitive, standardised,
and validated assays for detection of HBV
DNA in the blood and liver.

� Development of more sensitive, standardised,
and validated assays for detection of HBsAg
in the blood, including detection of HBV S
variants, and HBsAg present in immune
complexes with anti-HBs. Determine the clini-

Key point

Clinical implications of OBI

concern: (i) HBV transmis-

sion, inducing a typical

hepatitis B in the recipi-

ents, by transfusion of

blood products or by liver

transplantation; (ii) HBV

reactivation with conse-

quent development of

hepatitis B, as in cases

undergoing potent

immune-suppressive

therapies.
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cal implications of low concentrations of circu-
lating HBsAg, in particular the risk of transmis-
sion, liver disease progression, and HCC.

� Determine the prevalence of OBI in different
parts of the world, specifically among blood
donors – using standardised definitions and
appropriate assays.

� Define the risk of transmission of HBV from
OBI blood, organ, tissue, and cell donors, and
determine the best strategies to prevent such
transmissions, tailoring them to local preva-
lence and available resources.

� Define the clinical significance of OBI, in par-
ticular its role in HCC and in accelerating (or
not) progression to cirrhosis in patients with
other identifiable causes of liver disease as
well as those with no identifiable cause (cryp-
togenic liver disease).

� Harmonise international guidelines on recom-
mendations for preventing HBV reactivation
in people with OBI.

Basic/translational research:
� Virology – Identify the molecular mechanisms
implicated in the occurrence of OBI, and define
how frequently OBI is due to infection with
HBV variants.

� Immunology – Identify what is different
between immune control in OBI versus overt
HBV infection, and determine how to harness
the immune control mechanisms in OBI to
achieve functional HBV cure. Establish what
disturbs immune control in OBI, leading to
HBV reactivation.

Conclusions
The primary objectives of the 2018 Taormina

workshop were to review the existing knowledge

about OBI and – through vigorous discussion

among a large number of international experts

with complementary expertise – to both update

the previous statements and to highlight emerging

perspectives that need to be more extensively

investigated.

OBI is a frequent condition that deserves atten-

tion from the scientific, medical, and public health

communities. We hope these communities will

collaborate to address the key questions we iden-

tified and that the answers to many of these ques-

tions will be satisfactorily addressed at the next

workshop on Occult HBV Infection a decade from

now.
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