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Background: Hepatitis B virus (HBV) infection is a global public health issue with several unsolved
clinical challenges. As multiple new drugs are under development, HBV markers are gaining importance
for both diagnostic and prognostic purposes.
Objectives: This review summarizes the most important data on the usefulness of HBV markers in the
natural history of this infection, and in predicting clinical and treatment outcomes.
Sources: Selected peer-reviewed publications on HBV markers published between January 2009 and July
2021.
Content: In addition to the classical markers (e.g. HBV-DNA), newer ones, such as quantitative HBsAg,
HBcrAg, HBV-RNA and quantitative anti-HBc, have proven useful for predicting events within the natural
history of HBV infection, the development of complications (e.g. hepatocellular carcinoma) and the
response to antiviral therapy. Most data regarding the response to treatment have been related to
nucleos(t)ide analogues, whereas evidence on new therapeutic agents, such as capsid assembly modu-
lators or small interference RNAs, is promising, but still scarce.
Implications: Knowledge on the use of viral markers is a key factor for optimizing the clinical appraisal of
HBV infection. The new markers have an enhanced ability to predict clinical outcomes. Further studies
should expand the current evidence on the use of markers in relation to antiviral agents currently under
evaluation. Wide availability of these markers in regions with a high incidence of HBV infection is of
paramount importance. Mar Riveiro-Barciela, Clin Microbiol Infect 2022;28:355
© 2021 Published by Elsevier Ltd on behalf of European Society of Clinical Microbiology and Infectious

Diseases.
Introduction

Approximately 240 million people worldwide are chronically
infected by the hepatitis B virus (HBV) [1]. Chronic HBV is a dy-
namic infection that progresses through different phases that are
strongly associatedwith the age of the patient and HBV impairment
of specific T-cell function [2] (Fig. 1). Untreated individuals with
chronic hepatitis B (CHB) have an 8%e20% 5-year risk of developing
liver cirrhosis. In patients with decompensation, the 5-year survival
rate is 14%e35% [3]. In addition, HBV-infected individuals can
develop hepatocellular carcinoma (HCC), although the incidence is
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much higher in those with liver cirrhosis [4]. However, viral sup-
pression achieved through antiviral treatment often leads to
regression of liver fibrosis and low risk of HCC [2].

Despite considerable efforts, HBV infection remains a clinically
challenging global health threat that is often undiagnosed or
diagnosed late in many regions worldwide. This review focuses on
the utility of markers developed during the last two decades to
predict the natural history of HBV and support therapeutic de-
cisions in patients with this infection.
Main viral markers of HBV infection

Hepatitis B virus is a partially double-stranded DNA virus and
member of the Hepadnaviridae family. Although many markers
have been described, including inflammatory, genetic and immu-
nological host factors, viral markers are those yielding further
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Fig. 1. Evolution of hepatitis B serum viral markers during the natural history of chronic hepatitis B virus (HBV) infection. Levels of viral markers are higher in hepatitis B envelope
antigen (HBeAg) -positive individuals than in HBeAg-negative individuals. In addition, their detection and values are more frequent and higher, respectively, in patients with chronic
hepatitis compared with chronic infection. During the chronic hepatitis B (CHB) phases, either HBeAg-positive or -negative, the viral markers tend to fluctuate. After HBeAg
seroconversion, there is a downturn in their levels, with relative stability during HBeAg-negative infection, and a new upturn and oscillations during HBeAg-negative CHB. Across all
phases of HBV infection, HBV-RNA values are usually 2 log lower than HBV-DNA.
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evidence and usefulness in the natural history and treatment of
HBV infection [5].

Classical HBV markers include HBV-DNA and hepatitis B e an-
tigen (HBeAg). HBV-DNA quantification is central to hepatitis B
management, as classification of the infection is mainly based on
HBV-DNAvalues [2] and the association between HBV-DNA and the
development of cirrhosis [6] and HCC [7] is well-documented.
HBeAg, an HBV protein that enables the virus to establish infec-
tion, is linked with high viral replication and infectivity [5]. HBeAg-
positive status is associated with poorer prognosis and higher risk
of HCC; hence, seroconversion to anti-HBe is a therapeutic end
point for HBeAg-positive patients [8]. The lack of commercial tests
for HBeAg quantification limits its usefulness in clinical practice,
and there are few data on its potential role as a marker for guiding
therapy response [5].

Concerning the newer viral markers, the most widely used of
these in clinical practice are commercially available tests, such as
quantitative hepatitis B surface antigen (qHBsAg), hepatitis B core-
related antigen (HBcrAg) and, to a lesser extent, HBV-RNA [5].
HBsAg is the hallmark for diagnosing HBV infection [2]. Although
the value of HBsAg quantification was recognized early on, its use
has been generalized only in recent years. HBsAg is the glycosylated
envelope protein of the mature HBV virion, composed of three
HBsAg proteins. Apart from virions, the serum of viraemic patients
includes two types of non-infectious particles, which are 1000-fold
more numerous than virions and are believed to serve as decoys for
humoral immunity [9]. These subviral particles are derived from
both covalently closed circular DNA (cccDNA) and integrated DNA,
especially in HBeAg-negative patients. Therefore, HBsAg is also
produced from HBV-DNA integrated into the host genome [9].

More recently, HBcrAg has been pointed out as a promising viral
marker, because the three proteins it includes (hepatitis B core
antigen, HBeAg and core-related protein p22-p22cr) derive exclu-
sively from cccDNA transcriptional activity [10], whereas HBsAg is
translated from both cccDNA and integrated DNA [9].

Serum HBV-RNA consists of RNA from virion particles in which
the pre-genomic RNAhas been non- or partially reverse-transcribed
[11]. Thus, HBV-RNA quantification would potentially allow moni-
toring of cccDNA transcriptional activity. Nonetheless, this tech-
nique has some shortcomings, such as the limited sensitivity of
current assays and the possible interference of HBV-DNA in RNA
detection [12]. The latter is especially important in the treatment-
naive population. However, as reverse transcription is blocked by
antiviral therapy, HBV-RNA quantification could potentially enable
monitoring of cccDNA transcriptional activity [13e15] in patients
receiving nucleos(t)ide analogues (NAs). A summary of the HBV
markers reviewed and their potential uses is shown in Table 1.

Role of markers in the natural history of HBV infection

Identification of HBV inactive carriers

The term HBeAg-negative chronic HBV infection is used to refer
to what was formerly known as the inactive carrier (IC) state
(Fig. 1). HBeAg-negative infection has a favourable long-term
prognosis, with negligible risk of cirrhosis and HCC [2]. Inactive
carriers are characterized by persistently normal alanine trans-
aminase levels, HBV-DNA <2000 IU/mL and mild or absent liver
fibrosis [2]. Early identification of IC status avoids the close moni-
toring needed for proper classification of the HBV phase, especially
during the first year after diagnosis [2].

Brunetto et al. proposed qHBsAg values < 1000 IU/mL together
with HBV-DNA <2000 IU/mL to classify genotype D HBV ICs, with a
diagnostic accuracy >94% [16]. However, the impact of the geno-
type on qHBsAg has made this cut-off less useful in non-D geno-
types [17,18]. The composition of HBsAg may also play a role in
prompt recognition of ICs, as they show lower proportions of large
andmiddle-sized surface proteins than HBeAg-negative individuals
with CHB [19].

A cut-off of HBcrAg 3 logU/mL has also shown good diagnostic
performance in single-point identification of ICs, regardless of HBV
genotype [20,21].

HBV-RNA was detectable in only 59% of HBeAg-negative in-
dividuals in a recent study, dropping to 38% when only ICs were



Table 1
Summary of established and potential usefulness of HBV markers for predicting disease evolution and treatment response

Marker Identification of
inactive carriers

HCC development HBsAg loss (spontaneous
or therapy-induced)

Relapse after NA
discontinuation

References

qHBsAg [16,18,30e32,40,41,43,65]

Large and middle
HBsAg proteins

[19,59]

HBcrAg [18,20,22,33e36,44,45]

HBV-RNA [11,13,22e24,38,46,54]

qAnti-HBc [25,26,67]

Abbreviations: HBcrAg, hepatitis B core-related antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; NA, nucleos(t)ide ana-
logues; qAnti-HBc, quantitative hepatitis B core protein antibody; qHBsAg, quantitative HBsAg.

M. Riveiro-Barciela et al. / Clinical Microbiology and Infection 28 (2022) 355e361 357
considered [22]. Similarly, some studies have shown significantly
lower HBV-RNA levels in HBV ICs [23,24]. Nonetheless, the area
under the receiver operating characteristics curve in a cohort
including 105 HBeAg-negative naive individuals was only 0.639
[24], and an exact cut-off has yet to be recommended. Data are
scarce on quantitative analysis of hepatitis B core protein antibody
(qAnti-HBc), although lower levels have been reported in ICs than
in individuals with CHB [25,26].

Risk of developing HCC

Infection with HBV is the leading cause of HCC worldwide [27].
In addition to underlying cirrhosis, older age, geographical origin
and male sex are well-known risk factors for HBV-related HCC [2].
Concerning specific HBV-associated factors, genotype C, HBV-DNA,
core promoter mutations and HBeAg-positive status have been
linked with increased HCC rates in Asian populations [8,28,29].

In a large cohort of HBeAg-negative patients with low HBV-DNA
levels and no liver cirrhosis, those with baseline qHBsAg at >1000
IU/mL had 14-fold higher risk of HCC [30]. This qHBsAg threshold
has also been pinpointed as a predictor of HCC recurrence after
surgical resection [31,32]. HBcrAg levels have also been linked with
HCC risk. Among naive HBeAg-negative Asian patients, HBcrAg
>2.9 logU/mL and >4 logU/mL have been associated with 5-fold
and 6.3-fold hazard ratios of incident HCC, respectively [33,34].
This may be useful for selecting naive HBeAg-negative patients not
fulfilling treatment criteria but who could benefit from close follow
up and HCC surveillance. In patients who have undergone liver
transplantation or curative resection for HCC, HBcrAg levels�4.8 or
5 logU/mL were predictive of a five-fold and nine-fold risk of
recurrence, respectively [35,36].

Detection of pre-genomic RNA and cccDNA in liver tissue of
HBV-infected individuals with HCC has been correlated to an
absence of tumoral microvascular invasion and to a better prog-
nosis [37]. However, data on these markers as HCC predictors are
scarce. Preliminary results suggest an association between higher
HBV-RNA levels and an increased risk of HCC development [38].

Spontaneous HBsAg loss

Around 0.5%e1% of individuals with HBV per year achieve
HBsAg loss or functional cure of HBV infection [2]. Determinant
factors associated with spontaneous HBsAg seroclearance include
older age, HBeAg seronegativity and duration of chronic HBV
infection, usually >15 years of IC status [39]. Some studies have
suggested that qHBsAg levels may help in predicting this outcome.
A cohort study including 390 patients reported that HBsAg levels at
1 year following HBeAg seroconversion were inversely associated
with HBsAg loss. The HBsAg loss rates were higher in those with
HBsAg of 100e999 IU/mL and <100 IU/mL, with hazard ratios of 4.4
and 24.3, respectively [40]. In a Taiwanese study, qHBsAg <100 IU/
mL had 75% sensitivity and 91% specificity to predict HBsAg sero-
clearance after a mean follow up of >7 years [41]. The dynamics of
qHBsAg levels have also been linked to the probability of HBsAg
loss. In another study, 77% of patients with a qHBsAg drop>1 logIU/
mL achieved HBsAg loss [42]. Seto et al. reported similar results,
with 0.5 logIU/mL and<200 IU/mL qHBsAg reductions as predictors
of HBsAg loss in naive HBeAg-negative individuals [43].

Although most individuals (79%e89%) with spontaneous HBsAg
seroclearance have undetectable HBcrAg levels [44,45], longitudi-
nal studies assessing the optimal HBcrAg cut-off for predicting this
outcome are lacking. Similar results have been seenwith HBV-RNA,
with themajority of ICs showing low or undetectable levels [13,46].

Role of serum HBV markers in treated patients with CHB

Current standard therapy

Most treated patients with CHB are currently receiving NAs.
Very few are treated with pegylated interferon (pegIFN) because of
its considerable limitations. In those receiving NAs, undetectable
HBV-DNA is the rule, but HBsAg remains detectable. In recent years,
several studies have shown the potential of serum HBVmarkers for
monitoring therapy by identifying patients with a higher likelihood
of HBsAg loss and therapy discontinuation.

Monitoring HBV therapy

Levels of HBsAg decline very slowly in virally suppressed pa-
tients on NAs, particularly HBeAg-negative patients, as the inte-
grated HBV genomes maintain HBsAg transcription (Fig. 2). A
minority of HBeAg-positive individuals show dramatic declines in
HBsAg (>1 log at week 24 of NA therapy), which is associated with
further HBsAg clearance [47]. HBsAg loss is uncommon, particularly
in the HBeAg-negative population [48]. In pegIFN-treated patients,
HBsAg level at week 12 or week 24 allows selection of patients for
early discontinuation of pegIFN because of the high likelihood of
non-response [49]. HBsAg measures the activities of both inte-
grated HBV-DNA and cccDNA, and low HBsAg in patients receiving
NAs indicates host immune clearance [50].

Regarding other markers, in a cohort of 222 patients with CHB
(90 HBeAg-positive and 132 HBeAg-negative) receiving long-term



Fig. 2. Evolution of hepatitis B virus (HBV) serum markers during antiviral therapy with nucleos(t)ide analogues (NAs) in hepatitis B envelope antigen (HBeAg) -negative patients
with chronic hepatitis B. (a) After the start of NA therapy there is an increase in HBV-RNA as a result of the decrease in production of complete HBV virions [11,73]. The drop in HBV-
DNA is usually quick, and most HBeAg-negative patients achieve virological suppression (undetectable HBV-DNA) within the first 2e3 years of treatment [2]. After the initial upturn,
HBV-RNA slowly decreases until it becomes undetectable in up to 95% of patients after 10e14 years of therapy [53]. Hepatitis B core-related antigen (HBcrAg) progressively declines
over time, and most patients have undetectable levels after 10 years of NAs. After HBV-DNA, HBV-RNA is the next viral marker to become undetectable, followed by HBcrAg [74]. The
decline in hepatitis B surface antigen (HBsAg) levels is very slow, as quantitative HBsAg mainly derives from the subviral particles of integrated DNA in HBeAg-negative patients. (b)
Estimated evolution of viral markers in the limited number of patients who achieved HBsAg loss after long-term NA therapy.
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entecavir, the yearly decline in HBcrAg levels was 0.244 logU/mL
[51]. At week 96, this declinewas higher in HBeAg-positive patients
than in HBeAg-negative patients, with no differences between
groups [52]. A retrospective study of 96 HBeAg-negative patients
with undetectable HBV-DNA under NAs reported that HBV-RNA
was detectable in 32% of patients at year 4 and in 5% at
10e14 years of follow up [53]. In another study, 142 patients
receiving NAs showed a 1.46 log and 1.77 log reduction in HBV-RNA
at weeks 48 and 96, respectively. At week 96, only 19.1% of teno-
fovir disoproxil fumarate-treated and 25.7% of entecavir-treated
patients had unquantifiable HBV-RNA (p > 0.05). Among those
with undetectable HBV-DNA, 77.5% and 30% had quantifiable HBV-
RNA and HBcrAg, which enabled monitoring of viral activity by
serum HBV-RNA analysis [24]. In a study including 66 HBeAg-
negative patients, after 5 years of NA therapy, 27% and 14% had
detectable HBcrAg and HBV-RNA, whereas in 23 HBeAg-negative
virally suppressed patients who stopped NAs before HBsAg loss,
all had undetectable HBcrAg and a subset still had detectable HBV-
RNA at the time of treatment withdrawal [54]. The latter weremore
likely to develop severe aminotransferase flares. However, the
current HBcrAg assays lack sensitivity to identify this subset of
patients. A novel HBcrAg assay with approximately ten-fold higher



Table 2
Factors associatedwith clinical remissiona or high likelihood of achieving HBsAg loss
in non-cirrhotic HBeAg-negative patients who discontinue therapy with nucleos(t)
ide analogues

Baseline host factors HBV markers at the time
of therapy discontinuation

Young age qHBsAg <100 IU/mL
Caucasian race HBV-RNA undetectable

HBcrAg undetectable
qAnti-HBc <1000 IU/mL

Abbreviations: HBcrAg, hepatitis B core-related antigen; HBeAg, hepatitis B enve-
lope antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; qAnti-HBc,
quantitative hepatitis B core protein antibody; qHBsAg, quantitative HBsAg.

a Clinical remission was defined as normal alanine transaminase levels and HBV-
DNA levels <2000 IU/mL after therapy discontinuation.
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sensitivity is still under development [55]. In 279 HBeAg-positive
patients with CHB treated with pegIFN regimens, an HBV-RNA
decline during therapy was observed in 135 (52%) patients. This
decline was associated with higher rates of sustained off-treatment
response (HBV-DNA<2000 IU/mL and/or HBsAg loss), showing that
an HBV-DNA decline without a concomitant HBsAg decline is
associated with low rates of treatment response and HBsAg loss
[56].

HBeAg seroconversion

Seroconversion to anti-HBe is an intermediate treatment end
point for HBeAg-positive individuals with CHB and a precursor to
achieving HBV functional cure [2]. In a multicentre study including
264 HBeAg-positive individuals with CHB, a higher qHBsAg value at
baseline and an on-therapy qHBsAg decline were predictors of
HBeAg loss at week 96 [57]. In HBeAg-positive patients treatedwith
pegIFN, failure to achieve a qHBsAg decline of at least 20 000 IU/mL
at week 24 was found to be a predictor of non-response and a
therapy-stopping rule due to the low probability of subsequent
HBeAg seroconversion [58]. Interestingly, although HBsAg
composition differed between patients who achieved HBsAg loss
during pegIFN, no significant differences were reported according
to the accomplishment of HBeAg seroconversion [59].

Concerning HBcrAg, in a large European study, HBcrAg >8.35
logU/mL at week 24 identified pegIFN non-responders, but it did
not perform better than HBsAg >20 000 IU/mL as a stopping rule
[60], results that are in line with a previous study from Asia [61].
HBV-RNA has also been explored as a tool for early identification of
HBeAg loss. In a cohort of 50 HBeAg-positive patients treated with
NAs, HBV-RNA on-treatment kinetics strongly correlated with the
likelihood of achieving HBeAg seroconversion [62]. These results
were replicated in an analysis of serum samples from 266 HBeAg-
positive pegIFN-treated individuals [63].

What is the optimal marker to guide discontinuation of NA therapy?

There is compelling evidence that HBV-DNA concentrations at
completion of NA treatment are not helpful to predict the risk of
relapse [64]. NA discontinuation is associated with a relatively high
likelihood of HBsAg loss in some HBeAg-negative patients without
cirrhosis. It has been suggested that the lower the HBsAg value, the
greater the likelihood of HBsAg clearance [65], particularly if HBsAg
levels are below 100 IU/mL [66]. However, only a minority of NA-
treated patients reach HBsAg concentrations of <2 logIU/mL at
the end of treatment. Concerning qAnti-HBc, levels >1000 IU/mL at
the end of NA therapy were associated with a seven-fold lower risk
of clinical relapse in a prospective cohort of 1000 participants in
China [67].

Another potentially useful marker is HBV-RNA. Wang et al.
found that HBV-RNA detection in patients discontinuing NAs after
at least 3 years of therapy was associated with a significant risk of
viral rebound [11]. In addition, persistence of HBV-RNA has been
associated with alanine transaminase flares after treatment
discontinuation. In patients with high HBV-DNA levels, HBcrAg was
undetectable in 29% of cases and HBV-RNA in 17%, even at baseline
[54]. This points to an overall lack of sensitivity among these tests,
particularly HBcrAg. An optimized HBcrAg assay available for
research has shown ten-fold greater sensitivity than the previous
technique and may overcome the current limitations of this test
[68]. HBV-RNA tests still need to be validated in prospective studies
comparing the performance of undetectable HBcrAg, HBV-RNA and
HBsAg levels, individually and in combination [13]. Factors associ-
ated with a higher likelihood of achieving a sustained response
after NA discontinuation are summarized in Table 2.
New drugs

A reduction in qHBsAg level is used as the main end point in
ongoing trials with new HBV drugs, particularly capsid assembly
modulators, oligonucleotides, small interfering RNAs and nucleic
acid polymers [48]. HBcrAg and HBV-RNA might also be targets of
future therapies. Short treatments with a small interfering RNA, JNJ
3989 (three doses for 4 weeks) in virally suppressed patients
resulted in a >1 log reduction in qHBsAg during treatment. HBsAg
responders display greater reductions in HBcrAg and HBV-RNA
[69]. Preliminary results on ARC-520, a small interfering RNA tar-
geting cccDNA-derived transcription, suggest a reduction in anti-
gen production driven by cccDNA in HBeAg-positive patients, with
a smaller decline in qHBsAg compared with HBcrAg in HBeAg-
negative patients [70]. A capsid assembly modulator, ABI-H0731
(Vebicorvir), administered with NAs in HBeAg-negative patients
resulted in undetectable HBV-RNA in all individuals at week 24
[71]. Among naive HBeAg-positive patients with CHB, Vebicorvir
plus NAs resulted in deeper on-treatment viral suppression than
that achieved with NAs alone. Another capsid assembly modulator,
JNJ 6379 (at either 75 mg or 250 mg), combined with NAs for
24 weeks has been evaluated in HBeAg-positive and HBeAg-
negative patients [72]. A stronger reduction in HBV-DNA and
HBV-RNA was seen at week 24, with a limited effect on mean
qHBsAg and HBeAg levels. The additional beneficial HBV-RNA
suppression remains to be defined.

In summary, measurement of HBV-RNA and HBcrAg could be
useful to monitor the effectiveness of therapy beyond HBV-DNA
suppression, particularly in NA-treated patients, as theoretically
NAs do not act on cccDNA or inhibit pre-genomic RNA transcription.
HBV-RNA can also help to predict which patients are at high risk of
HBV relapse after treatment discontinuation, and it has the po-
tential to evaluate the efficacy of new HBV drugs.

In conclusion, enhanced strategies are of the essence to identify
those HBV-infected individuals with a greater risk of developing
complications, such as liver cirrhosis and HCC, and to monitor
antiviral treatment. Viral markers are a promising alternative and
have already proved useful in predicting poor outcomes in the
natural history and treatment of HBV infection.
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