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Abstract: It is estimated that approximately 260 million people worldwide are infected with the
hepatitis B virus (HBV), which is one of the leading causes of liver disease and liver cancer throughout
the world. Compared with developed countries, low-income and middle-income countries have
limited access to resources and advanced technologies that require highly specialized staff for
HBV diagnosis. In spite of the heavy burden caused by hepatitis B virus, 90% of people are still
undiagnosed. The World Health Organization (WHO) goal of eliminating hepatitis B by 2030 seems
very difficult to achieve due to the existing diagnostic infrastructure in low-resource regions. The
majority of diagnostic laboratories still use hepatitis B surface antigen (HBsAg)-based tests. WHO’s
elimination plan is at risk of derailment due to phases like the window period, immune control, and
occult HBV infection (OBI) not being detected by standard tests. Here, in this article, we are focusing
on various diagnostic platforms for the better diagnosis of HBV. The aim of the elimination of HBV
can only be achieved by detecting all phases of HBV infection, which can be executed by a combined
approach of using new marker assays along with advanced pretesting and testing methods.

Keywords: HBV; hepatitis; diagnosis; prevention; hepatitis B core-related antigen; hepatitis B surface
antigen

1. Introduction

Hepatitis B virus (HBV) infection remains a major health problem despite an extensive
vaccination program worldwide. Globally, 260 million people are chronically infected with
HBV and 890,000 are dying yearly from complications due to the advancement of HBV
infection [1,2]. HBV may play a role in the pathogenesis of chronic liver disease, cirrhosis,
and hepatocellular carcinoma (HCC). About one third of the global population is infected
with HBV at some point in their lives, and the self-limiting acute hepatitis B infection ends
once the virus is cleared [3,4]. When HBV is acquired in adulthood, about 5% persists
and progresses into chronic hepatitis B infection (CHB) while in 95% and 20–30% cases
of chronic liver disease, cirrhosis, and hepatocellular carcinomas (HCC), it is acquired
in infancy and childhood, respectively [5,6]. It is one of the major blood-borne viruses,
mostly transmitted through blood and body fluids, and its incubation period is around
2–5 weeks [7]. It infects and replicates in hepatocytes (liver cells), which results in severe
diseases, such as cirrhosis and hepatocellular carcinoma [8]. The majority of the hepatitis
B endemicity in low–medium resource countries (LMIC) is caused by the transmission of
the disease from mother to child [9]. Other additional factors for HBV transmission are
intravenous (IV) drug abuse, occupational exposure to infected blood products, having
multiple sexual partners, and lack of awareness [10,11].

HBV is a partially double-stranded hepatotropic enveloped DNA virus and belongs to
the family Hepadnaviridae [12]. It is the etiological factor for both acute and chronic hepati-
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tis B infection in humans. Even though the occurrence of HBV infections is decreasing due
to vaccination and use of antiviral therapy (by reducing the viral load of chronically infected
patients), around still 3.5% of the global population is chronically infected with HBV [3]. In
2016, the WHO Global Hepatitis Health Sector Strategy articulated the elimination of viral
hepatitis by 2030 [13]. As per this strategy, the target of the elimination of viral hepatitis
can be achieved by increasing diagnosis for timely testing, care, and treatment [14,15]. In
this article, we discuss the current challenges in diagnosing HBV and recent updates in
the field.

2. HBV Genome

In 1965, Blumberg et al. discovered an antigen known as an “Australian antigen” in
an Australian aborigine, which was later termed as the hepatitis B surface antigen [16].
The HBV particles were first visualized under an electron microscope in 1970 by Dane and
colleagues. In a serum of HBV-infected patients, three types of HBV particles were observed,
out of which two spherical structures had 42 and 22 nm diameter and the third filament-like
structure had 22 nm diameter with variable lengths [17,18]. The larger spherical structure
of 42 nm diameter, termed as the Dane particle, is the infectious virion. It consists of a
lipid membrane with three viral surface antigens (HBs) which surround a nucleocapsid
composed of hepatitis B core protein (HBc), viral polymerase (Pol), and viral genome DNA.
The 3.2 kb genome of HBV is comprised of circular partially double-stranded DNA. This
relaxed-circular DNA (rcDNA) consists of a closed (−) strand and an open (+) strand. The
HBV genome encodes 4 overlapping open reading frames (ORFs), namely C, P, S, and X.
The functional proteins of HBV are encoded by these overlapping ORFs as follows:

a. ORF C: 22-kDa precore protein (p22cr), HBc and HBeAg;
b. ORF P: viral polymerase (Pol);
c. ORF S: viral surface antigen, L(Large)-HBs, M(Middle)-HBs, and S(small)-HBs;
d. ORF X: HBV X protein (HBx).

Hepatitis B virus e antigen (HBeAg) is translated from an HBc reading frame and is
an indicator of cccDNA replication. The rcDNA of HBV, on entering the cells, is converted
into covalently closed circular DNA (cccDNA), which generates viral RNAs of different
lengths due to the initiation of transcription from different promoters. The lengths of these
RNAs are around 3.5 Kb, 2.4 Kb, 2.1 Kb, and 0.7 Kb. In 1983, Rall et al. showed that
transcription from the HBV genome is facilitated by RNA polymerase II of an infected host
and controlled by 4 different promoters and 2 enhancers (Enhancer I and Enhancer II), for
preS1, preS2, core, and X sequences [19].

3. Genotypes of HBV and Their Clinical Importance

The HBV genotypes have been classified based on 8% or more divergence in the
HBV genome sequences. To date, around 10 genotypes (A to J) along with some subtypes
have been identified and their prevalence varies in different geographical regions. The
circulation of particular HBV genotypes in a particular population may have some epi-
demiological importance, can reveal the country of origin, and can help in tracking the
pattern of transmission. The HBV genotypes of immigrants are mostly traced to their native
countries [20].

Globally, four HBV genotypes (A, B, C, and D) are frequently found, but the presence
of the genotype B and C is common in Eastern and Western Asia, genotypes A and
D in North America, Africa, and Europe, and genotype E in West Africa [21,22]. The
genotype of HBV may be linked with disease progression, outcome in the chronicity of the
infection, and response to the therapy. The patients infected with different HBV genotypes
may show distinctive disease progression, distinctive outcomes, and antiviral therapy
response [23–25]; however, the approved HBV vaccines are effective against all genotypes
of HBV [21,25].
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4. The Natural History of HBV Infection

The pathogenicity of HBV infection is governed by the immune response of the host
interaction, virus replication, evolution, and environmental factors. For chronic HBV
infection, the age at which a person acquires the infection plays an important role. The risk
of progression of acute to chronic HBV infection is around 95% during the perinatal period,
20–30% in 1–5-year-old children, and less than 5% in adults [6,26]. Chronic HBV infection
can be categorized into four phases (Table 1).

Table 1. Phases of Chronic HBV Infections.

Phase
Characteristics

HBeAg-Positive
Chronic Infection

HBeAg-Positive
Chronic Hepatitis

HBeAg-Negative
Chronic Infection

HBeAg-Negative
Chronic Hepatitis

HBV DNA Very high High Low or undetectable High

ALT Normal Elevated Normal Elevated

HBsAg Detected Detected Undetected Intermediate

Liver Histology Normal Moderate Minimal Moderate to severe

HBe Ag Positive Positive Negative Negative

4.1. HBeAg-Positive Chronic Infection or Immune-Tolerant Phase

This is a high-replicative, low-inflammatory phase, characterized by high viral loads.
Typically, there are high levels of HBV DNA (generally > 107 IU/mL), positivity for HBeAg
and HBsAg, but normal alanine aminotransferase (ALT) levels and normal liver histol-
ogy [6,27].

4.2. HBeAg-Positive Chronic Hepatitis or Immune-Active Phase

This phase occurs as a result of the host immune response against HBV, resulting in
liver cell injury. This manifests as elevated ALT levels together with the sign of moderate to
severe liver injury. HBV replication is reduced and HBV DNA, HBeAg, and HBsAg levels
decline. This phase ends with the reduction of HBV DNA and HBeAg seroconversion to
anti HBe positivity [3].

4.3. HBeAg-Negative Chronic Infection or Immune Control Phase

This phase is characterized by HBeAg seroconversion to antibody to HBeAg (anti-HBe),
low to undetectable HBV DNA, and normal ALT level. However, about 10–30% of HBeAg
seroconversion patients still have elevated levels of ALT and HBV DNA; consequently, they
are classified as HBeAg-negative CHB patients [6] and mostly have a mutation in the core
promoter or pre-core region (antibody HBe, only core).

4.4. HBeAg-Negative Chronic Hepatitis or HBeAg-Negative Immune Reactivation Phase

Recurrence of replication of HBV DNA is seen in around 10–20% of inactive carriers
after years of quiescence. Most of them have a mutation in the core promoter or pre-core
region and show necroinflammation and fibrosis in liver histology [6].

4.5. Acute HBV Infection

Acute HBV infection is a condition where an increased level of HBsAg and alanine
aminotransferase (ALT) is observed due to HBV infection and clears in less than 6 months.
The elevated level of HBsAg and ALT were eliminated within 6 months. Acute HBV
infections are mainly asymptomatic and only 30% of infected persons showed clinical signs
of jaundice and hepatitis [28]. Acute HBV infection has an “eclipse” period of around 8 days,
in which no evident phase of infection is observed [29]. Acute HBV infections are self-
limiting but can persist as a residual infection and can be active in immune-compromised
individuals. Initially, it was assumed that the DNA of HBV is eradicated but sensitive PCR
assays may be able to detect DNA traces from serum and liver [30]. HBV infections that



Diagnostics 2023, 13, 368 4 of 12

cannot clear within 6 months can lead to the chronic HBV infections. Chronic HBV infection
is characterized by a high levels of HBsAg and ALT due to weak cytotoxic T-cell response.

4.6. Occult HBV Infection (OBI)

OBI is defined as presence of replication competent HBV DNA (i.e., episomal cova-
lently closed circular DNA) in the liver and/or HBV DNA in the blood of persons having
undetectable HBsAg by presently available tests [31,32].

In OBI, there is suppression of viral replication activity and protein expression, due to
host’s immunologic and epigenetic mechanisms, resulting in absence of HBsAg. OBI can
be categorized as:

a. Sero-positive-OBI: positive for anti-HBc and/or anti-HBs antibodies;
b. Sero-negative-OBI (1–20% of all OBIs): Negative anti-HBc and/or anti-HBs antibodies.

Missing out on HBsAg positivity due to the inadequate sensitivity of assay or inability
to detect HBV S variants may lead to false negative HBsAg and misdiagnosis/false posi-
tive OBI. Though HBsAg is negative, episomal cccDNA in OBI cases is fully replication
competent (unlike integrated HBV DNA) and can lead to a reactivation of infection in
patient or transfusion-transmitted hepatitis B virus infection in a recipient of blood from
an OBI positive donor. Diagnosis of OBI depends on detection of HBV DNA in the liver
(gold standard) or blood (more commonly used), with absence of HBsAg. Presence of anti
HBcAb is often used as a surrogate marker. Detection of HBV DNA in blood is challenging
as it is present in low concentrations and may only be intermittently detected. Hence, the
use of sensitive methods for detection of low levels of HBV DNA is recommended. The
presence of anti HBc with absence of HBs Ag and presence of anti HBs is also seen in
recovered patients, however, HBV DNA is negative in such patients [29,31,32]. A resolved
HBV infection is defined as a positive HBc antibody without detectable serum HBV DNA
or negative HBsAg.

5. Diagnosis of HBV

WHO’s plan to eliminate viral hepatitis by 2030 can be accomplished by increasing
diagnosis, care, and treatment [13]. The elimination of hepatitis refers to the reduction of
90% incidence and 65% of deaths from the 2015 baseline [14,15,33]. Screening and diagnosis
should be made available to the people unacquainted with their status of HBV infection or
who have not so far entered into care and treatment [34,35]. These unaware infected people
recurrently carry on a spread of the virus [36].

The diagnosis and follow-up of chronic infection rely on laboratory viral biomarkers.
There are two key categories of HBV biomarker assays: one is serology, a term encom-
passing the detection and quantification of viral-specific antibodies and/or antigens, and
the second is nucleic acid testing (NAT) for the detection and quantification of the HBV
genome and its RNA transcripts [28].

Serology tests that identify or measure HB surface antigen (HBsAg) serum levels,
HB surface antibodies (anti-HBs), and HB core antibodies (anti-HBcs) are used to detect
patients who have been exposed to HBV, whereas NAT tests provide information on the
level of virus replication, the manifestation of particular variants, and occurrence of virus
reservoirs. Tests are being advanced to measure levels of intrahepatic HBV replication.
These biomarkers are to be used to identify patients with HBV infection, follow disease
progression, and determine response to therapy and efficacy of new agents in clinical trials.

HBV can be diagnosed by various HBV markers such as hepatitis B surface anti-
gens (HBsAgs), hepatitis B surface antibodies (anti-HBs), hepatitis B e-antigen (HBeAgs),
hepatitis B e-antibodies (anti-HBes), and hepatitis core antigens (anti-HBcs) (Table 2)
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Table 2. HBV markers and their significance in diagnosis.

Marker Definition Significance in Diagnosis

HBV DNA Indicator of active HBV infection,
assess viral replication

• Can be detected in window period
• Identifies occult HBV infection (OBI) in patients with liver disease

or co-infection
• Conc. of HBV provides an indication for therapy and monitoring

treatment efficacy

HBsAg Hallmark of infection

• First serologic marker to appear
• Persists for more than 6 months in chronic HBV infection
• Important for the knowing the infection stage and reflect

transcriptional activity

Anti-HBs Neutralizing antibody
• Recovery and/or immunity to HBV
• The only marker detectable after immunity conferred by HBV

immunization

HBeAg Indicator of active replication of HBV

• Sero-status reflection of natural history of disease
• Markers to distinguished HBeAg positive chronic infection and

hepatitis from HBeAg negative chronic infection
• Marker of reactivation of low-replicative chronic infection

Anti-HBc Indicates exposure to HBV
• Indicates the contact with HBV
• HBV reactivation after potent immune-suppression in

HBsAg-negative phase of disease

Anti-HBe
Found early in the course of acute
hepatitis B and disappears soon after
ALT peaks

• Less active HBV replication
• Decrease of HBV infectivity and remission of disease
• Precore/core promoter mutations

IgM anti-HBc Recent infection with hepatitis B virus

• Presence with high index value during acute HBV infection and
usually disappears within 6 months

• 10–20% of chronic hepatitis B patients with hepatitis flares also
positive for IgM anti-HBc with low index value

IgG anti-HBc Indicates a chronic infection
• Not a neutralizing antibody and presence indicates an exposure

to HBV
• Isolated IgG anti-HBc may indicate OBI

5.1. Routinely Used HBV Markers

Hepatitis B surface antigen (HBsAg): the key serological marker for acute and chronic
hepatitis B infection. HBsAg is used as a marker to establish the prevalence of chronic HBV
infection in epidemiological studies [37]. Usually, detection of the HBsAg in repeat testing
(after 6 months) is used as marker of chronic HBV infection, whereas the absence of HBsAg
in serum indicates recovery from acute HBV infection [38].

It is encoded by ORF S and synthesized as a small protein (SHBs), a medium protein
(MHBs), and a large protein (LHBs) viral surface antigen [39]. Viral transmission occurs
when SHBs and/or LHBs which contain the pre-S1 region binds to the sodium taurocholate
co-transporting polypeptide and heparan sulphate proteoglycan (Urban S, et al., 2014).
HBsAg is part of the viral envelope and also occurs as a non-infectious subviral particle
(which may inhibit the host immune system) and its measurement in body fluid has been
used as an important diagnosis parameter in clinical practice and trials [40,41].

HBsAg is the key marker of chronic HBV infection when persistence is more than
6 months, whereas after recovery from acute HBV infections, levels of HBsAg become
undetectable.

The levels of HBsAg in the body fluid are important to reveal the infection stage
because it reflects the transcriptional activity of cccDNA, which is higher in HBeAg-positive
infection than in HBeAg-negative patients [42,43].
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HBsAg quantification has prognostic significance and has been incorporated into risk
scores to predict the risk of HCC and possibly specify rebound viral risk after stopping
NUCs [40]. Currently, commercially available standardized assays for the quantification
of HBsAg are the Architect HBsAg assay developed by Abbott Diagnostics, USA, the
ElecsysHBsAg II quant assay developed by Roche Diagnostics, USA, and the DiaSorin
Liaison XL, developed by DiaSorin, Italy. These assays can detect and quantify the HBsAg
but cannot differentiate three HBs proteins. These three HBs proteins can be detected and
distinguished by in-house ELISA or Western blot analysis [44].

Anti-HBs (Antibody to HBsAg): the main marker to show the presence of antibodies
that neutralize HBV and generally symbolize recovery from an acute infection. After
recovery, anti-HBs and anti-HBc may be detectable. A positive anti-HBs with negative
HBsAg can be seen in response to HBV vaccination, recovery after acute hepatitis, or
HBsAg seroconversion in chronic HBV infection. The anti-HBs titer of less than 10 IU/l
is considered negative, whereas 10–100 IU/l is considered moderate. The titer higher
than 100 IU/l is considered protective even if the person is exposed to a high HBV viral
load [28,29].

Hepatitis B core antigen (HBcAg) and anti-HBc: the core protein is covered with
HBsAg and thus not freely detected in serum. Few assays are available for anti-HBc but not
for detection of HBc antigen [29]. The detection of Anti-HBc is considered to be suggestive
of HBV contact and predictive of three outcomes:

a. Recovery indicated by the development of anti-HBs;
b. Chronicity indicated by long-term HBsAg;
c. Occult HBV infection (OBI) is indicated by low levels of HBV DNA and absence

of HBsAg.

In acute HBV infection, the first detectable antibody is IgM anti-HBc, which can be
detected within 1 month after HBsAg appearance. The recent infection shows elevated
levels of IgM anti-HBc and it lasts for around 4–6 months. During recovery from the acute
infection, the levels of IgG anti-HBc increase whereas IgM anti-HBc levels decrease. Low
levels of the IgM anti-HBc can persevere in HBV chronic infection and can increase with
the severity of chronic hepatitis B. Detection of anti-HBc in the blood may be used as a
surrogate marker for identifying OBI in blood or organ donors, in persons who are about
to receive immunosuppressive therapy, and for epidemiological studies [29].

Hepatitis B e antigen (HBeAg) and anti-HBe: HBeAg is coded by the precore (Pre-C)
region of the core gene (C). HBeAg helps in distinguishing HBeAg-positive and HBeAg-
negative CHB infection. HBeAg seroconversion marks the transition from the immune
clearance phase to the immune control phase of CBH. HBeAg has been used as a marker
of chronic active HBV infection in its immune tolerant phase and reactivation of low-
replicative chronic infection [45,46]. The existence of HBeAg in the serum of an HBsAg-
positive carrier indicates frequent viral replication and greater infectivity. Assays for
detecting HBeAg and anti-HBe are generally combined in the same enzyme immunoassay
kits as these markers are essentially mutually exclusive. HBeAg can be used as a cost-
effective substitute for HBV DNA, which help in therapeutic management and efficacy
monitoring against HBV in low resource countries [47,48].

Hepatitis B virus DNA (HBV DNA): testing of the DNA in serum is used to assess
HBV viral replication and should be performed regularly, around 6 months in chronic HBV
patients. The viral load of HBV DNA provides insight for current therapy guidelines and
treatment efficacy [6,45]. The viral cccDNA was not usually used to detect HBV, though
used to quantify the viral load [49,50]. The occurrence of the cccDNA in liver cells is a
critical cause of difficult HBV eradication as cccDNA acts as a template for the new virions
replication [51]. The absence of HBsAg and cccDNA indicates the true HBV cure [26];
however, an increase in HBV DNA concentration indicates resistance to given therapy [3].
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5.2. Emerging Marker for HBV

Newer markers are continuously being sought for better diagnosis, prognostication,
and treatment management. Recent markers include HBcrAg and HBV RNA.

Hepatitis B core-related antigen (HBcrAg): chronic HBV infection cannot be elimi-
nated due to the presence of cccDNA in the nucleus of infected liver cells. The biopsy of
liver cells, required to quantitate the cccDNA, is a difficult and invasive procedure. The
serological marker, HBcrAg, may be an alternative non-invasive marker for intrahepatic
viral replicative activity. Some studies showed a good association between the amount of
HBcrAg and cccDNA in both HBeAg negative and positive patients [52–54] but a feeble as-
sociation with HBsAg [55]. HBcrAg comprises of three proteins HBeAg, p22cr, and HBcAg,
which are coded by the precore/core region and can be used in serologic testing [55–57].
These three proteins share an identical 149 amino acid sequence and are detectable when
HBV DNA and HBsAg are undetectable [58,59]. HBeAg, encoded by a core gene, is a
circulating peptide transformed and secreted in hepatocytes. HBcAg nucleocapsid protein
surrounds viral DNA whereas p22Cr exists in HBV DNA and HBcAg negative Dane-like
particles [58]. HBcrAg is a prospective alternate indicator of cccDNA and may soon turn
into advantageous marker for outcome and management of the HBV related infections or
diseases [60].

Hepatitis B virus RNA (HBV RNA): transcripts (HBV mRNA) act as a template for
synthesis of viral proteins, therefore, mRNAs and pregenomic RNAs can act as a viral
replication markers which are present in the serum of infected patients [61]. Interestingly,
many commercial assays are available for the detection of HBV DNA, but no commercial
assay is available to detect HBV RNA. In absence of commercial assays, in-house assays
may be used to detect HBV RNA that correlates with HBV DNA in untreated patients. It
is important to note that detection of HBV RNA may be influenced by variables such as
the genotype and presence of mutations. Similar assumptions can be made about other
diagnostic markers. The knowledge of these variables may become advantageous for future
studies to make HBV RNA detection assays more reliable [62,63].

The HBV biomarkers, such as the hepatitis B surface antigen (HBsAg), hepatitis
core antigen (anti-HBc), hepatitis B e-antigen (HBeAg), hepatitis B surface antibody (anti-
HB), and hepatitis B e antibody (anti-HBe), have been used for the detection the natural
infection and infection phases of HBV. However, the levels of HBV DNA play a vital role in
management of HBV infection [64].

6. Common Methods for Detection of Hepatitis B Virus

The detection and quantification of the hepatitis B viral markers in body fluids is
mostly carried out by enzyme-linked immunosorbent assays (ELISA), radioimmunoas-
say (RIA), enzyme immunoassay (EIA), polymerase chain reaction (PCR), and recently
developed techniques such as microparticle enzyme immunoassay (MEIA), electrochemilu-
minescence immunoassay (ECLIA) and chemiluminescence microparticle immunoassay
(CMIA). The advanced techniques for HBV testing are often expensive and need bulk
instrumentation and trained manpower [15,65,66]. The advantages and disadvantages of
the detection methods of HBV are given in Table 3.
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Table 3. Advantages and disadvantages of the HBV diagnostic methods.

Methods Advantages Disadvantages

EIA
• This is an automated process that generates high

reproducible results at a low cost

• This is a time-consuming process because it
requires sophisticated equipment and trained
technicians. It also requires ongoing supply of
electricity, which is not suitable for use in the field

RIA • Sensitivity is very high • There is a high cost associated with this method
• There is a risk for the operator

MEIA
• An immunological method with high sensitivity

and a faster turnaround time than any other
methods

• A high level of sophistication of equipment,
trained technicians, and constant electricity supply

ECLIA/
CMIA

• An automated system with a high degree of
specificity and sensitivity

• high cost, sophisticated equipment, experienced
technicians, and continuous power supply

PCR

• Capacity of detecting low viral loads;
• Broad dynamic range;
• Less chances of carry over contamination;
• Can be fully automated

• A high level of sophistication of equipment,
trained technicians, and constant electricity supply

6.1. Point-of-Care Tests (POCT)

The fast and more accessible diagnosis of the HBV is aided by POCTs, also known as
rapid diagnostic tests (RDT). These tests require 1–2 drops of sample and are easy to use,
and do not require specialized training, which makes them ideal for variety of community
and outreach locations. The sensitivity of these tests kits are less in comparison to other
tests [65].

6.2. Dried Blood Spot (DBS)

A sampling method which aids for practical solution for the large population screening
or testing in low-resource settings having limited accesses to the testing facility. A drop of
patient blood by finger-prick is collected on a chemically treated paper card. The chemical
on the paper card preserves the HBV marker during transport at ambient temperature
from field to laboratory, where these samples are tested using advanced molecular or
immunoassays [67,68].

7. Challenges in HBV Diagnosis

In low-resource settings or countries, collecting blood for HBV testing at a remote
location usually requires additional logistic support for transport to the testing facility.
HBV diagnosis usually relies on plasma or serum for most commonly available tests. Low-
resource setting sub-centers usually lack centrifugation machines needed to separate plasma
and serum from blood samples. Some sub-centers may have centrifugation machines, but
it is difficult to arrange supplies such as consumables and power. Samples transported at
room temperature do not usually affect serological test markers, but can degrade molecular
markers. This issue can be overcome by using the DBS method of sample collection [69–72]
and using point-of-care tests. These measures may help in overcoming the lack of testing
and loss of follow-up in low resource settings [73]. Nucleic acid testing for screening HBV
is being used extensively in the developed countries but it has limited use in low-income
countries due to a higher cost and requirement of trained manpower.

8. Future Perspectives

The proper understanding and interpretation of diagnostic methods is necessary for
successful therapy against hepatitis B, because different type of therapies target various
markers of hepatitis B infection differently. Therefore, diagnosis based on different combina-
tions of markers of hepatitis B infection needs to be carried out to monitor the effectiveness
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of a therapy. The seroclearance of HBsAg and appearance of anti-HBs [26,45], which further
indicates protective immunity, can be diagnosed with a combination of HBs and anti-HBs
markers. HBsAg serum levels and their source are different in the inactive and immune–
tolerant phase and, therefore, need to be diagnosed by different strategies in these phases.
In HBeAg-negative patients, less than 100 IU/mL of HBsAg may indicate gradual HBsAg
clearance that can only be diagnosed together with HBeAg and HBsAg markers [74]. Both
markers, along with knowledge of HBV genotypes, may also be helpful in monitoring the
response of antiviral therapy. The genotypes of HBV in the infected patient is known to
influence the effect of antiviral therapy [75]. Therefore, the foolproof diagnosis for HBV
would be to obtain information on HBsAg, HBeAg, hepatitis B viral load, and genotypes
of HBV. These four markers may help in accomplishing the WHO’s goal because these
will help in determining the stage of infection and further decision-making in the type of
therapy to be given.

9. Conclusions

In spite of the fact that there are several unresolved and controversial issues in the
diagnosis of hepatitis B, there is a necessity for mass testing, especially in areas where
hepatitis B is more prevalent and where resources are limited. There is, however, an urgent
need for the development of sensitive, standardized, and validated test procedures for the
detection of HBsAg, HBV DNA (in blood and in liver), and other viral markers. These
tests should identify HBV S variants as well as HBsAg present within immune complexes
with anti-HBs. A standard report on occult blood infections should be adopted, so that
this type of infection can be reported in the future. As part of the WHO’s goal to eliminate
viral hepatitis from the public health agenda by 2030, the improvement of awareness of the
disease, case identification, surveillance strategies, and treatment optimization are crucial
steps towards achieving this goal.

Author Contributions: Conceptualization, writing—original draft preparation, and final approval
M.K. and A.K.; review and editing, P.K.; Writing, review, supervision, and final approval S.P. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Locarnini, S.; Hatzakis, A.; Chen, D.S.; Lok, A. Strategies to control hepatitis B: Public policy, epidemiology, vaccine and drugs.

J. Hepatol. 2015, 62, S76–S86. [CrossRef] [PubMed]
2. World Health Organization. Global Hepatitis Report; World Health Organization: Geneva, Switzerland, 2017.
3. Yuen, M.F.; Chen, D.S.; Dusheiko, G.M.; Janssen, H.L.A.; Lau, D.T.Y.; Locarnini, S.A.; Peters, M.G.; Lai, C.L. Hepatitis B virus

infection. Nat. Rev. Dis. Primers 2018, 4, 18035. [CrossRef] [PubMed]
4. Revill, P.A.; Penicaud, C.; Brechot, C.; Zoulim, F. Meeting the Challenge of Eliminating Chronic Hepatitis B Infection. Genes 2019,

10, 260. [CrossRef] [PubMed]
5. McMahon, B.J.; Alward, W.L.; Hall, D.B.; Heyward, W.L.; Bender, T.R.; Francis, D.P.; Maynard, J.E. Acute hepatitis B virus

infection: Relation of age to the clinical expression of disease and subsequent development of the carrier state. J. Infect. Dis. 1985,
151, 599–603. [CrossRef] [PubMed]

6. Terrault, N.A.; Lok, A.S.F.; McMahon, B.J.; Chang, K.M.; Hwang, J.P.; Jonas, M.M.; Brown, R.S., Jr.; Bzowej, N.H.; Wong, J.B.
Update on Prevention, Diagnosis, and Treatment of Chronic Hepatitis B: AASLD 2018 Hepatitis B Guidance. Clin. Liver Dis. 2018,
12, 33–34. [CrossRef]

7. Schulze, A.; Gripon, P.; Urban, S. Hepatitis B virus infection initiates with a large surface protein-dependent binding to heparan
sulfate proteoglycans. Hepatology 2007, 46, 1759–1768. [CrossRef]

http://doi.org/10.1016/j.jhep.2015.01.018
http://www.ncbi.nlm.nih.gov/pubmed/25920093
http://doi.org/10.1038/nrdp.2018.35
http://www.ncbi.nlm.nih.gov/pubmed/29877316
http://doi.org/10.3390/genes10040260
http://www.ncbi.nlm.nih.gov/pubmed/30939846
http://doi.org/10.1093/infdis/151.4.599
http://www.ncbi.nlm.nih.gov/pubmed/3973412
http://doi.org/10.1002/cld.728
http://doi.org/10.1002/hep.21896


Diagnostics 2023, 13, 368 10 of 12

8. Smith, D.B.; Simmonds, P.; Jameel, S.; Emerson, S.U.; Harrison, T.J.; Meng, X.J.; Okamoto, H.; van der Poel, W.H.M.; Purdy, M.A.;
Members of The International Committee on the Taxonomy of Viruses Study Group. Consensus proposals for classification of the
family Hepeviridae. J. Gen. Virol. 2014, 95, 2223–2232. [CrossRef]

9. Franco, E.; Bagnato, B.; Marino, M.G.; Meleleo, C.; Serino, L.; Zaratti, L. Hepatitis B: Epidemiology and prevention in developing
countries. World J. Hepatol. 2012, 4, 74–80. [CrossRef]

10. Ayele, A.; Abera, D.; Hailu, M.; Birhanu, M.; Desta, K. Prevalence and associated risk factors for Hepatitis B and C viruses among
refugees in Gambella, Ethiopia. BMC Public Health 2020, 20, 721. [CrossRef] [PubMed]

11. Ahmad, A.E.; Bakari, A.G.; Musa, B.O.P.; Mustapha, S.K.; Abdullahi, I.N.; Tahir, M.I.; Jamoh, B.Y.; Olatunji, A.O.; Maishanu,
S.H.; Hali, B.; et al. Distribution of hepatitis B virus-positive individuals in Zaria, Nigeria, according to risk-associated practices.
Calabar J. Health Sci. 2019, 3, 25–30. [CrossRef]

12. Seitz, S.; Urban, S.; Antoni, C.; Böttcher, B. Cryo-electron microscopy of hepatitis B virions reveals variability in envelope capsid
interactions. EMBO J. 2007, 26, 4160–4167. [CrossRef]

13. World Health Organization. Global Health Sector Strategy on Viral Hepatitis 2016–2021, 2nd ed.; World Health Organization: Geneva,
Switzerland, 2016.

14. Revill, P.; Testoni, B.; Locarnini, S.; Zoulim, F. Global strategies are required to cure and eliminate HBV infection. Nat. Rev.
Gastroenterol. Hepatol. 2016, 13, 239–248. [CrossRef] [PubMed]

15. Easterbrook, P.J.; Roberts, T.; Sands, A.; Peeling, R. Diagnosis of viral hepatitis. Curr. Opin. HIV AIDS 2017, 12, 302–314. [CrossRef]
[PubMed]

16. Blumberg, B.S. Polymorphisms of the Serum Proteins and the Development of ISO-Precipitins in Transfused Patients. Bull. N. Y.
Acad. Med. 1964, 40, 377–386.

17. Dane, D.S.; Cameron, C.H.; Briggs, M. Virus-like particles in serum of patients with Australia-antigen-associated hepatitis. Lancet
1970, 1, 695–698. [CrossRef] [PubMed]

18. Hu, J.; Liu, K. Complete and Incomplete Hepatitis B Virus Particles: Formation, Function, and Application. Viruses 2017, 9, 56.
[CrossRef]

19. Rall, L.B.; Standring, D.N.; Laub, O.; Rutter, W.J. Transcription of hepatitis B virus by RNA polymerase II. Mol. Cell. Biol. 1983, 3,
1766–1773.

20. Mixson-Hayden, T.; Lee, D.; Ganova-Raeva, L.; Drobeniuc, J.; Stauffer, W.M.; Teshale, E.; Kamili, S. Hepatitis B virus and hepatitis
C virus infections in United States-bound refugees from Asia and Africa. Am. J. Trop. Med. Hyg. 2014, 90, 1014–1020. [CrossRef]

21. Sunbul, M. Hepatitis B virus genotypes: Global distribution and clinical importance. World J. Gastroenterol. 2014, 20, 5427–5434.
[CrossRef]

22. Liu, C.J.; Kao, J.H. Global perspective on the natural history of chronic hepatitis B: Role of hepatitis B virus genotypes A to J.
Semin. Liver Dis. 2013, 33, 97–102. [CrossRef]

23. Madan, K.; Batra, Y.; Sreenivas, V.; Mizokami, M.; Tanaka, Y.; Chalamalasetty, S.B.; Panda, S.K.; Acharya, S.K. HBV genotypes in
India: Do they influence disease severity? Hepatol. Res. 2009, 39, 157–163. [CrossRef] [PubMed]

24. Chauhan, R.; Singh, A.K.; Rooge, S.; Varshney, A.; Kumar, M.; Sarin, S.K. Analysis of hepatitis B virus genotype changes in
patients with chronic hepatitis B infection on tenofovir therapy. J. Med. Virol. 2016, 88, 1364–1375. [CrossRef]

25. Kao, J.H.; Chen, D.S. Local ablation vs. resection for the treatment of hepatocellular carcinoma. Hepatology 2006, 43, 373. [CrossRef]
[PubMed]

26. Terrault, N.A.; Bzowej, N.H.; Chang, K.M.; Hwang, J.P.; Jonas, M.M.; Murad, M.H. AASLD guidelines for treatment of chronic
hepatitis B. Hepatology 2016, 63, 261–283. [CrossRef] [PubMed]

27. Milich, D.R. The Concept of Immune Tolerance in Chronic Hepatitis B Virus Infection Is Alive and Well. Gastroenterology 2016,
151, 801–804. [CrossRef] [PubMed]

28. Kao, J.H. Diagnosis of hepatitis B virus infection through serological and virological markers. Expert Rev. Gastroenterol. Hepatol.
2008, 2, 553–562. [CrossRef]

29. Allain, J.P.; Opare-Sem, O. Screening and diagnosis of HBV in low-income and middle-income countries. Nat. Rev. Gastroenterol.
Hepatol. 2016, 13, 643–653. [CrossRef]

30. Lok, A.S.; Heathcote, E.J.; Hoofnagle, J.H. Management of hepatitis B: 2000—Summary of a workshop. Gastroenterology 2001, 120,
1828–1853. [CrossRef]

31. Raimondo, G.; Caccamo, G.; Filomia, R.; Pollicino, T. Occult HBV infection. Semin. Immunopathol. 2013, 35, 39–52. [CrossRef]
32. Raimondo, G.; Locarnini, S.; Pollicino, T.; Levrero, M.; Zoulim, F.; Lok, A.S. Update of the statements on biology and clinical

impact of occult hepatitis B virus infection. J. Hepatol. 2019, 71, 397–408. [CrossRef]
33. Thomas, D.L. Global Elimination of Chronic Hepatitis. N. Engl. J. Med. 2019, 380, 2041–2050. [CrossRef] [PubMed]
34. Shenge, J.A.; Odaibo, G.N.; Olaleye, D.O. Genetic Diversity of Hepatitis C Virus Among Blood Donors and Patients with Clinical

Hepatitis in Ibadan, Nigeria. Arch. Basic Appl. Med. 2018, 6, 79–85. [PubMed]
35. Stasi, C.; Silvestri, C.; Voller, F. Hepatitis B vaccination and immunotherapies: An update. Clin. Exp. Vaccine Res. 2020, 9, 1–7.

[CrossRef] [PubMed]
36. Shenge, J.A.; Osiowy, C. Rapid Diagnostics for Hepatitis B and C Viruses in Low- and Middle-Income Countries. Front. Virol.

2021, 1, 742722. [CrossRef]

http://doi.org/10.1099/vir.0.068429-0
http://doi.org/10.4254/wjh.v4.i3.74
http://doi.org/10.1186/s12889-020-08893-1
http://www.ncbi.nlm.nih.gov/pubmed/32429964
http://doi.org/10.25259/CJHS_7_2019
http://doi.org/10.1038/sj.emboj.7601841
http://doi.org/10.1038/nrgastro.2016.7
http://www.ncbi.nlm.nih.gov/pubmed/26907881
http://doi.org/10.1097/COH.0000000000000370
http://www.ncbi.nlm.nih.gov/pubmed/28306597
http://doi.org/10.1016/S0140-6736(70)90926-8
http://www.ncbi.nlm.nih.gov/pubmed/4190997
http://doi.org/10.3390/v9030056
http://doi.org/10.4269/ajtmh.14-0068
http://doi.org/10.3748/wjg.v20.i18.5427
http://doi.org/10.1055/s-0033-1345716
http://doi.org/10.1111/j.1872-034X.2008.00417.x
http://www.ncbi.nlm.nih.gov/pubmed/19208036
http://doi.org/10.1002/jmv.24489
http://doi.org/10.1002/hep.21029
http://www.ncbi.nlm.nih.gov/pubmed/16440360
http://doi.org/10.1002/hep.28156
http://www.ncbi.nlm.nih.gov/pubmed/26566064
http://doi.org/10.1053/j.gastro.2016.09.037
http://www.ncbi.nlm.nih.gov/pubmed/27702559
http://doi.org/10.1586/17474124.2.4.553
http://doi.org/10.1038/nrgastro.2016.138
http://doi.org/10.1053/gast.2001.24839
http://doi.org/10.1007/s00281-012-0327-7
http://doi.org/10.1016/j.jhep.2019.03.034
http://doi.org/10.1056/NEJMra1810477
http://www.ncbi.nlm.nih.gov/pubmed/31116920
http://www.ncbi.nlm.nih.gov/pubmed/29882536
http://doi.org/10.7774/cevr.2020.9.1.1
http://www.ncbi.nlm.nih.gov/pubmed/32095435
http://doi.org/10.3389/fviro.2021.742722


Diagnostics 2023, 13, 368 11 of 12

37. Botha, J.F.; Ritchie, M.J.; Dusheiko, G.M.; Mouton, H.W.; Kew, M.C. Hepatitis B virus carrier state in black children in Ovamboland:
Role of perinatal and horizontal infection. Lancet 1984, 1, 1210–1212. [CrossRef]

38. Seto, W.K.; Wong, D.K.; Fung, J.; Huang, F.Y.; Liu, K.S.; Lai, C.L.; Yuen, M.F. Linearized hepatitis B surface antigen and hepatitis B
core-related antigen in the natural history of chronic hepattitis B. Clin. Microbiol. Infect. 2014, 20, 1173–1180. [CrossRef]

39. Heermann, K.H.; Goldmann, U.; Schwartz, W.; Seyffarth, T.; Baumgarten, H.; Gerlich, W.H. Large surface proteins of hepatitis B
virus containing the pre-s sequence. J. Virol. 1984, 52, 396–402. [CrossRef]

40. Cornberg, M.; Wong, V.W.; Locarnini, S.; Brunetto, M.; Janssen, H.L.A.; Chan, H.L. The role of quantitative hepatitis B surface
antigen revisited. J. Hepatol. 2017, 66, 398–411. [CrossRef]

41. Bruss, V. Hepatitis B virus morphogenesis. World J. Gastroenterol. 2007, 13, 65–73. [CrossRef]
42. Chan, H.L.; Heathcote, E.J.; Marcellin, P.; Lai, C.L.; Cho, M.; Moon, Y.M.; Chao, Y.C.; Myers, R.P.; Minuk, G.Y.; Jeffers, L.; et al.

Treatment of hepatitis B e antigen positive chronic hepatitis with telbivudine or adefovir: A randomized trial. Ann. Intern. Med.
2007, 147, 745–754. [CrossRef]

43. Nguyen, T.; Thompson, A.J.; Bowden, S.; Croagh, C.; Bell, S.; Desmond, P.V.; Levy, M.; Locarnini, S.A. Hepatitis B surface antigen
levels during the natural history of chronic hepatitis B: A perspective on Asia. J. Hepatol. 2010, 52, 508–513. [CrossRef] [PubMed]

44. Pfefferkorn, M.; Böhm, S.; Schott, T.; Deichsel, D.; Bremer, C.M.; Schröder, K.; Gerlich, W.H.; Glebe, D.; Berg, T.; van Bömmel, F.
Quantification of large and middle proteins of hepatitis B virus surface antigen (HBsAg) as a novel tool for the identification of
inactive HBV carriers. Gut 2018, 67, 2045–2053. [CrossRef] [PubMed]

45. Sarin, S.K.; Kumar, M.; Lau, G.K.; Abbas, Z.; Chan, H.L.; Chen, C.J.; Chen, D.S.; Chen, H.L.; Chen, P.J.; Chien, R.N.; et al.
Asian-Pacific clinical practice guidelines on the management of hepatitis B: A 2015 update. Hepatol. Int. 2016, 10, 1–98. [CrossRef]
[PubMed]

46. Vlachogiannakos, J.; Papatheodoridis, G.V. HBV: Do I treat my immunotolerant patients? Liver Int. 2016, 36 (Suppl. 1), 93–99.
[CrossRef] [PubMed]

47. Allain, J.P.; Candotti, D.; Soldan, K.; Sarkodie, F.; Phelps, B.; Giachetti, C.; Shyamala, V.; Yeboah, F.; Anokwa, M.;
Owusu-Ofori, S.; et al. The risk of hepatitis B virus infection by transfusion in Kumasi, Ghana. Blood 2003, 101, 2419–2425.
[CrossRef]

48. Ducancelle, A.; Abgueguen, P.; Birguel, J.; Mansour, W.; Pivert, A.; Le Guillou-Guillemette, H.; Sobnangou, J.J.; Rameau, A.;
Huraux, J.M.; Lunel-Fabiani, F. High endemicity and low molecular diversity of hepatitis B virus infections in pregnant women
in a rural district of North Cameroon. PLoS ONE 2013, 8, e80346. [CrossRef]

49. Nassal, M. HBV cccDNA: Viral persistence reservoir and key obstacle for a cure of chronic hepatitis B. Gut 2015, 64, 1972–1984.
[CrossRef]

50. Quint, W.G.; de Bruijn, I.; Kruining, H.; Heijtink, R.A. HBV-DNA detection by gene amplification in acute hepatitis B. Hepatology
1990, 12, 653–656. [CrossRef]

51. Allweiss, L.; Dandri, M. The Role of cccDNA in HBV Maintenance. Viruses 2017, 9, 156. [CrossRef]
52. Wong, D.K.; Seto, W.K.; Cheung, K.S.; Chong, C.K.; Huang, F.Y.; Fung, J.; Lai, C.L.; Yuen, M.F. Hepatitis B virus core-related

antigen as a surrogate marker for covalently closed circular DNA. Liver Int. 2017, 37, 995–1001. [CrossRef]
53. Chen, E.Q.; Feng, S.; Wang, M.L.; Liang, L.B.; Zhou, L.Y.; Du, L.Y.; Yan, L.B.; Tao, C.M.; Tang, H. Serum hepatitis B core-related

antigen is a satisfactory surrogate marker of intrahepatic covalently closed circular DNA in chronic hepatitis B. Sci. Rep. 2017,
7, 173. [CrossRef] [PubMed]

54. Tanaka, E.; Matsumoto, A.; Suzuki, F.; Kobayashi, M.; Mizokami, M.; Tanaka, Y.; Okanoue, T.; Minami, M.; Chayama, K.;
Imamura, M.; et al. Measurement of hepatitis B virus core-related antigen is valuable for identifying patients who are at low risk
of lamivudine resistance. Liver Int. 2006, 26, 90–96. [CrossRef] [PubMed]

55. Maasoumy, B.; Wiegand, S.B.; Jaroszewicz, J.; Bremer, B.; Lehmann, P.; Deterding, K.; Taranta, A.; Manns, M.P.; Wedemeyer, H.;
Glebe, D.; et al. Hepatitis B core-related antigen (HBcrAg) levels in the natural history of hepatitis B virus infection in a large
European cohort predominantly infected with genotypes A and D. Clin. Microbiol. Infect. 2015, 21, 606–610. [CrossRef]

56. Kimura, T.; Rokuhara, A.; Sakamoto, Y.; Yagi, S.; Tanaka, E.; Kiyosawa, K.; Maki, N. Sensitive enzyme immunoassay for hepatitis
B virus core-related antigens and their correlation to virus load. J. Clin. Microbiol. 2002, 40, 439–445. [CrossRef] [PubMed]

57. Rokuhara, A.; Tanaka, E.; Matsumoto, A.; Kimura, T.; Yamaura, T.; Orii, K.; Sun, X.; Yagi, S.; Maki, N.; Kiyosawa, K. Clinical
evaluation of a new enzyme immunoassay for hepatitis B virus core-related antigen; a marker distinct from viral DNA for
monitoring lamivudine treatment. J. Viral Hepat. 2003, 10, 324–330. [CrossRef] [PubMed]

58. Kimura, T.; Ohno, N.; Terada, N.; Rokuhara, A.; Matsumoto, A.; Yagi, S.; Tanaka, E.; Kiyosawa, K.; Ohno, S.; Maki, N. Hepatitis
B virus DNA-negative dane particles lack core protein but contain a 22-kDa precore protein without C-terminal arginine-rich
domain. J. Biol. Chem. 2005, 280, 21713–21719. [CrossRef]

59. Hadziyannis, E.; Laras, A. Viral Biomarkers in Chronic HBeAg Negative HBV Infection. Genes 2018, 9, 469. [CrossRef]
60. Lam, Y.F.; Seto, W.K.; Wong, D.; Cheung, K.S.; Fung, J.; Mak, L.Y.; Yuen, J.; Chong, C.K.; Lai, C.L.; Yuen, M.F. Seven-Year

Treatment Outcome of Entecavir in a Real-World Cohort: Effects on Clinical Parameters, HBsAg and HBcrAg Levels. Clin. Transl.
Gastroenterol. 2017, 8, e125. [CrossRef]

61. Wang, J.; Shen, T.; Huang, X.; Kumar, G.R.; Chen, X.; Zeng, Z.; Zhang, R.; Chen, R.; Li, T.; Zhang, T.; et al. Serum hepatitis B virus
RNA is encapsidated pregenome RNA that may be associated with persistence of viral infection and rebound. J. Hepatol. 2016, 65,
700–710. [CrossRef]

http://doi.org/10.1016/S0140-6736(84)91694-5
http://doi.org/10.1111/1469-0691.12739
http://doi.org/10.1128/jvi.52.2.396-402.1984
http://doi.org/10.1016/j.jhep.2016.08.009
http://doi.org/10.3748/wjg.v13.i1.65
http://doi.org/10.7326/0003-4819-147-11-200712040-00183
http://doi.org/10.1016/j.jhep.2010.01.007
http://www.ncbi.nlm.nih.gov/pubmed/20206400
http://doi.org/10.1136/gutjnl-2017-313811
http://www.ncbi.nlm.nih.gov/pubmed/28951526
http://doi.org/10.1007/s12072-015-9675-4
http://www.ncbi.nlm.nih.gov/pubmed/26563120
http://doi.org/10.1111/liv.12996
http://www.ncbi.nlm.nih.gov/pubmed/26725904
http://doi.org/10.1182/blood-2002-04-1084
http://doi.org/10.1371/journal.pone.0080346
http://doi.org/10.1136/gutjnl-2015-309809
http://doi.org/10.1002/hep.1840120405
http://doi.org/10.3390/v9060156
http://doi.org/10.1111/liv.13346
http://doi.org/10.1038/s41598-017-00111-0
http://www.ncbi.nlm.nih.gov/pubmed/28282964
http://doi.org/10.1111/j.1478-3231.2005.01200.x
http://www.ncbi.nlm.nih.gov/pubmed/16420514
http://doi.org/10.1016/j.cmi.2015.02.010
http://doi.org/10.1128/JCM.40.2.439-445.2002
http://www.ncbi.nlm.nih.gov/pubmed/11825954
http://doi.org/10.1046/j.1365-2893.2003.00437.x
http://www.ncbi.nlm.nih.gov/pubmed/12823601
http://doi.org/10.1074/jbc.M501564200
http://doi.org/10.3390/genes9100469
http://doi.org/10.1038/ctg.2017.51
http://doi.org/10.1016/j.jhep.2016.05.029


Diagnostics 2023, 13, 368 12 of 12

62. van Bömmel, F.; Bartens, A.; Mysickova, A.; Hofmann, J.; Krüger, D.H.; Berg, T.; Edelmann, A. Serum hepatitis B virus RNA levels
as an early predictor of hepatitis B envelope antigen seroconversion during treatment with polymerase inhibitors. Hepatology
2015, 61, 66–76. [CrossRef]

63. van Campenhout, M.J.H.; van Bömmel, F.; Pfefferkorn, M.; Fischer, J.; Deichsel, D.; Boonstra, A.; van Vuuren, A.J.; Berg, T.;
Hansen, B.E.; Janssen, H.L.A. Host and viral factors associated with serum hepatitis B virus RNA levels among patients in need
for treatment. Hepatology 2018, 68, 839–847. [CrossRef] [PubMed]

64. Loomba, R.; Liang, T.J. Hepatitis B Reactivation Associated With Immune Suppressive and Biological Modifier Therapies: Current
Concepts, Management Strategies, and Future Directions. Gastroenterology 2017, 152, 1297–1309. [CrossRef] [PubMed]

65. Tyas, A.A.; Raeni, S.F.; Sakti, S.P.; Sabarudin, A. Recent Advances of Hepatitis B Detection towards Paper-Based Analytical
Devices. Sci. World J. 2021, 2021, 6643573. [CrossRef] [PubMed]

66. Amini, A.; Varsaneux, O.; Kelly, H.; Tang, W.; Chen, W.; Boeras, D.I.; Falconer, J.; Tucker, J.D.; Chou, R.; Ishizaki, A.; et al.
Diagnostic accuracy of tests to detect hepatitis B surface antigen: A systematic review of the literature and meta-analysis. BMC
Infect. Dis. 2017, 17, 698. [CrossRef] [PubMed]

67. Grüner, N.; Stambouli, O.; Ross, R.S. Dried blood spots—Preparing and processing for use in immunoassays and in molecular
techniques. J. Vis. Exp. 2015, 97, 52619. [CrossRef]

68. Villar, L.M.; de Oliveira, J.C.; Cruz, H.M.; Yoshida, C.F.; Lampe, E.; Lewis-Ximenez, L.L. Assessment of dried blood spot samples
as a simple method for detection of hepatitis B virus markers. J. Med. Virol. 2011, 83, 1522–1529. [CrossRef]

69. Kania, D.; Bekalé, A.M.; Nagot, N.; Mondain, A.-M.; Ottomani, L.; Meda, N.; Traoré, M.; Ouédraogo, J.B.; Ducos, J.;
van de Perre, P.; et al. Combining rapid diagnostic tests and dried blood spot assays for point-of-care testing of human
immunodeficiency virus, hepatitis B and hepatitis C infections in Burkina Faso, West Africa. Clin. Microbiol. Infect. 2013, 19,
E533–E541. [CrossRef]

70. Komada, K.; Sugiyama, M.; Vongphrachanh, P.; Xeuatvongsa, A.; Khamphaphongphane, B.; Kitamura, T.; Kiyohara, T.; Wakita, T.;
Oshitani, H.; Hachiya, M. Seroprevalence of chronic hepatitis B, as determined from dried blood spots, among children and their
mothers in central Lao People’s Democratic Republic: A multistage, stratified cluster sampling survey. Int. J. Infect. Dis. 2015, 36,
21–26. [CrossRef]

71. Vinikoor, M.J.; Musukuma, K.; Munamunungu, V.; Masaninga, M.; Sikazwe, I.; Chi, B.H.; Wandeler, G. Implementation of routine
screening for chronic hepatitis B virus co-infection by HIV clinics in Lusaka, Zambia. J. Viral Hepat. 2015, 22, 858–860. [CrossRef]

72. Vinikoor, M.J.; Zürcher, S.; Musukuma, K.; Kachuwaire, O.; Rauch, A.; Chi, B.H.; Gorgievski, M.; Zwahlen, M.; Wandeler, G.
Hepatitis B viral load in dried blood spots: A validation study in Zambia. J. Clin. Virol. 2015, 72, 20–24. [CrossRef]

73. Njai, H.F.; Shimakawa, Y.; Sanneh, B.; Ferguson, L.; Ndow, G.; Mendy, M.; Sow, A.; Lo, G.; Toure-Kane, C.; Tanaka, J.; et al.
Validation of rapid point-of-care (POC) tests for detection of hepatitis B surface antigen in field and laboratory settings in the
Gambia, Western Africa. J. Clin. Microbiol. 2015, 53, 1156–1163. [CrossRef] [PubMed]

74. Chan, H.L.; Wong, G.L.; Tse, C.H.; Chan, H.Y.; Wong, V.W. Viral determinants of hepatitis B surface antigen seroclearance in
hepatitis B e antigen-negative chronic hepatitis B patients. J. Infect. Dis. 2011, 204, 408–414. [CrossRef] [PubMed]

75. Lin, C.L.; Kao, J.H. Hepatitis B virus genotypes and variants. Cold Spring Harb. Perspect. Med. 2015, 5, a021436. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1002/hep.27381
http://doi.org/10.1002/hep.29872
http://www.ncbi.nlm.nih.gov/pubmed/29514389
http://doi.org/10.1053/j.gastro.2017.02.009
http://www.ncbi.nlm.nih.gov/pubmed/28219691
http://doi.org/10.1155/2021/6643573
http://www.ncbi.nlm.nih.gov/pubmed/33727897
http://doi.org/10.1186/s12879-017-2772-3
http://www.ncbi.nlm.nih.gov/pubmed/29143619
http://doi.org/10.3791/52619
http://doi.org/10.1002/jmv.22138
http://doi.org/10.1111/1469-0691.12292
http://doi.org/10.1016/j.ijid.2015.04.020
http://doi.org/10.1111/jvh.12404
http://doi.org/10.1016/j.jcv.2015.08.019
http://doi.org/10.1128/JCM.02980-14
http://www.ncbi.nlm.nih.gov/pubmed/25631805
http://doi.org/10.1093/infdis/jir283
http://www.ncbi.nlm.nih.gov/pubmed/21742839
http://doi.org/10.1101/cshperspect.a021436
http://www.ncbi.nlm.nih.gov/pubmed/25934462

	Introduction 
	HBV Genome 
	Genotypes of HBV and Their Clinical Importance 
	The Natural History of HBV Infection 
	HBeAg-Positive Chronic Infection or Immune-Tolerant Phase 
	HBeAg-Positive Chronic Hepatitis or Immune-Active Phase 
	HBeAg-Negative Chronic Infection or Immune Control Phase 
	HBeAg-Negative Chronic Hepatitis or HBeAg-Negative Immune Reactivation Phase 
	Acute HBV Infection 
	Occult HBV Infection (OBI) 

	Diagnosis of HBV 
	Routinely Used HBV Markers 
	Emerging Marker for HBV 

	Common Methods for Detection of Hepatitis B Virus 
	Point-of-Care Tests (POCT) 
	Dried Blood Spot (DBS) 

	Challenges in HBV Diagnosis 
	Future Perspectives 
	Conclusions 
	References

