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SUMMARY Currently, despite the use of a preventive vaccine for several decades as
well as the use of effective and well-tolerated viral suppressive medications since
1998, approximately 250 million people remain infected with the virus that causes
hepatitis B worldwide. Hepatitis C virus (HCV) and hepatitis B virus (HBV) are the
leading causes of liver cancer and overall mortality globally, surpassing malaria and
tuberculosis. Linkage to care is estimated to be very poor both in developing coun-
tries and in high-income countries, such as the United States, countries in Western
Europe, and Japan. In the United States, by CDC estimates, only one-third of HBV-
infected patients or less are aware of their infection. Some reasons for these low rates
of surveillance, diagnosis, and treatment include the asymptomatic nature of chronic
hepatitis B until the very late stages, a lack of curative therapy with a finite treatment
duration, a complex natural history, and a lack of knowledge about the disease by both
care providers and patients. In the last 5 years, more attention has been focused on the
important topics of HBV screening, diagnosis of HBV infection, and appropriate linkage
to care. There have also been rapid clinical developments toward a functional cure of
HBV infection, with novel compounds currently being in various phases of progress. De-
spite this knowledge, many of the professional organizations provide guidelines focused
only on specific questions related to the treatment of HBV infection. This focus leaves a
gap for care providers on the other HBV-related issues, which include HBV’s epidemio-
logical profile, its natural history, how it interacts with other viral hepatitis diseases,
treatments, and the areas that still need to be addressed in order to achieve HBV elimi-
nation by 2030. Thus, to fill these gaps and provide a more comprehensive and relevant
document to regions worldwide, we have taken a global approach by using the findings
of global experts on HBV as well as citing major guidelines and their various approaches
to addressing HBV and its disease burden.

KEYWORDS antiviral therapy, hepatitis B diagnosis, hepatitis B management,
hepatitis B treatment

INTRODUCTION

Chronic hepatitis B (CHB) virus infection is a well-known threat to global health (1, 2).
CHB is transmitted through exposure to infected blood and body secretions. Currently,

the main route of transmission remains from mother to neonate (vertical transmission) or
from mother to child or child to child (horizontal), but inadequate sterilization of health care
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instruments and the administration of contaminated blood products also remain major
modes of transmission, especially in poorer countries. In addition, with the global opioid
crisis, intravenous drug use has again become a more common mode of transmission.
Finally, male-to-male sex and heterosexual sexual contact by an individual with many
partners remain major modes of transmission (1, 2) (Table 1).

Due to the various modes of transmission, the geographic prevalence of this
infection varies widely as well and is categorized as high, intermediate, or low (Table 1).
Before the universal implementation of vaccination for hepatitis B, the prevalence of
hepatitis B surface antigen (HBsAg) globally ranged from 2% to 20%. A review of
published data from 161 countries that were reported between 1965 and 2013 esti-
mated the worldwide prevalence of HBsAg to be 3.61%, with the highest rates being
in Africa (8.83%) and the Western Pacific regions (5.26%). Within the World Health
Organization (WHO) territories, the prevalence of the virus ranged from 0.20% (Mexico)
to 13.55% (Haiti) in the Americas, 0.48% in the Seychelles, and 22.38% in the African
(South Sudan) region (3). When combined, this prevalence corresponded to 248 million
people globally in 2010.

In 2016, an updated estimate indicated that the total global hepatitis B virus (HBV)
infection prevalence increased to 3.9% (95% confidence interval, 3.4 to 4.6%), corre-
sponding to 292 million people globally, suggesting that the presence of HBV was not
decreasing. Furthermore, only approximately 29 million (10%) were diagnosed with
HBV infection. In addition, it was found that only 4.8 million (5%) of those eligible for
treatment had actually been treated.

In the United States, as reported by a study using data from the National Health and
Nutrition Examination Survey (NHANES; 1999 to 2016), there are considerable racial/
ethnic disparities in HBV infection rates (4). From a total of 47,628 persons who
underwent HBV serology testing, the overall prevalence of chronic hepatitis B (CHB)
was 0.35%. However, the prevalence among Asians was 3.41%, while it was only 0.69%
among non-Hispanic blacks and less than 0.2% among non-Asian, non-black individuals
(4). These differences in CHB prevalence rates in the United States are attributed to the
fact that the majority of CHB cases are considered imported (5), such that foreign-born
Asians and blacks have a higher prevalence than their U.S.-born counterparts (3.85%
versus 0.79%, respectively, for foreign-born Asians and 1.94% versus 0.52%, respec-
tively, for blacks) (4). However, these numbers may still underestimate the number of
persons infected with HBV due to the limitations of using NHANES data, which do not
adequately account for institutionalized populations, such as those in prisons, or other
populations at higher risk of HBV infection, such as immigrant populations (Fig. 1).

Other changes in the status of global CHB that have been noted were recently
reported. A real-world study of 44,026 CHB patients from the United States found that
the median age of the population with CHB had increased from 48 years in 2006 to
52 years in 2015. Alongside the increase in age, the number of non-liver-related
comorbidities also increased, and these, combined with CHB, have also increased the
disease burden of CHB (6). Other real-world studies have also reported findings similar
to those described above on the increasing rates of liver comorbidities as well as the
increased health care utilization by individuals with CHB and the cost of CHB (7, 8).

Another factor that complicates the elimination of CHB is the difference in the
distribution of HBV genotypes throughout the world (9). Currently, there are 10 HBV
genotypes, identified by the letters A to J (Table 2), which, through genetic mutations
and the lack of proofreading in reverse transcriptase, have evolved over the long term,
creating challenges to their elimination.

TABLE 1 Geographic prevalence of hepatitis B surface antigen carriage in the general population and possible routes of transmission

Prevalence Geographic area Age at infection Possible routes of transmission

Low (�2%) North America, Western Europe Early adulthood Sexual, percutaneous, others
Moderate (2–8%) Mediterranean, Eastern Europe Childhood Horizontal
High (�8%) East Asia, Africa Birth, toddler stage, preschool Perinatal, horizontal
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PREVENTION AND CURRENT LINKAGE TO CARE

In 2011, the World Health Organization passed a resolution recognizing viral hep-
atitis as a global health concern. In October 2015, that body released its first official
strategy for the control of viral hepatitis, which aims to significantly reduce the
considerable morbidity and mortality found in individuals with chronic hepatitis B and
chronic hepatitis C (CHC) virus infections by the year 2030 (10). Governmental agencies
(n � 194 countries) have signed on to this strategy, which includes ambitious targets of
a 90% reduction in the incidence of viral hepatitis, an 80% treatment uptake by eligible
patients, and a 65% reduction in mortality.

FIG 1 Disease awareness and treatment care cascade of persons with HBV infection in the United States.

TABLE 2 Global distribution of hepatitis B virus genotypes A to J

HBV genotype Geographic location

A Sub-Saharan Africa, India, northern Europe, Western Africa,
Gambia, Nigeria

B Japan, East Asia, Taiwan, China, Indonesia, Vietnam, Philippines,
Alaska, northern Canada, Greenland

C Taiwan, China, South Korea, Japan, Southeast Asia, Australia,
Philippines, Vietnam, Indonesia

D Africa, Europe, Mediterranean countries, India, Indonesia, Australia
E Western and central Africa, Saudi Arabia
F Central and South America
G France, Germany, United States
H Central America
I Vietnam and Laos
J Japan
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The global elimination of HBV can become a reality thanks to the use of an effective
and low-cost vaccine, which has been available for almost 30 years. The hepatitis B
vaccine has been shown to prevent hepatocellular carcinoma (HCC) (11, 12). Currently,
most countries have implemented universal neonatal HBV vaccination programs, which
are inexpensive and which may eradicate HBV infection within the next century (13).
Improving the rates of vaccination at birth and providing prepartum therapy to highly
viremic mothers to prevent transmission from mother to child could accelerate this
eradication of hepatitis B.

Recent data demonstrate that immunoprophylaxis with hepatitis B immunoglobulin
and the hepatitis B vaccine in newborns can reduce the rate of mother-to-child
transmission (MTCT) from 90% to 10% (14). However, if the mother has an HBV DNA
level of greater than 200,000 IU/ml, immunoprophylaxis has a failure rate of 10 to 30%
in infants born to such mothers. Transmission can be effectively eliminated by the
administration of antiviral therapy to the mother during the third trimester, as shown
by a controlled and randomized study from China (15, 16). The analysis showed that the
transmission rate dropped from 7% in the control group to 0% in the treatment group
at the 28th postpartum week. Thus, currently, major liver societies in the United States
and Europe recommend that all pregnant women with HBV DNA levels greater than
200,000 IU/ml be considered for treatment with tenofovir disoproxil fumarate (TDF)
starting toward the end of the second trimester and at the beginning of the third
trimester (24 to 28 weeks of pregnancy). Importantly, breast-feeding and TDF treatment
can continue postpartum in HBsAg-positive untreated women (17).

Unfortunately, universal neonatal vaccination and the elimination of transmission
from mother to child do not affect the projected morbidity/mortality for the hundreds
of millions of adults living with CHB, such that by 2030 there are expected to be 17
million deaths attributable to CHB. Currently, the cascade of care is poor, with only
about 15% of the estimated 712,000 infected persons in the United States being aware
of their infection and only 4.5% receiving antiviral therapies (Fig. 1) (4).

The 2010, the United States Institute of Medicine (IOM) found many areas in which
unmet needs regarding hepatitis existed, including health care providers’ education,
vaccination, and prevention programs, as well as accurate diagnosis and treatment (18).
Following publication of that report, in 2011 the U.S. Department of Health and Human
Services (HHS) announced an action plan for the prevention, care, and treatment of viral
hepatitis to assist with and accelerate the elimination of HBV in the United States. The
strategic plan covers the following areas: the education of all affected parties to reduce
health disparities among members of the community and the populations seen by
health care providers, increase testing and treatment by increasing surveillance to
detect transmission of the disease, increase the rate of vaccination for viral hepatitis,
reduce drug use behaviors that contribute to the transmission of hepatitis, and prevent
health care-associated viral hepatitis (19).

However, despite these programs, multiple surveys have shown that complete
knowledge of care for CHB is lacking, even among primary care physicians and
specialists, who sometimes do not know the most current management recommen-
dations (20, 21). In fact, one study found that patients who were evaluated by
specialists were more likely to have a complete laboratory evaluation than those
examined by only primary care providers, but even then, 40% of those who received
specialty care did not receive a thorough evaluation that included continued follow-up
of untreated patients to determine when or if treatment becomes necessary (22–24).

The lack of appropriate patient education and cultural barriers are also variables that
limit interaction with the health care setting. A recent study of 1,000 African immigrants
to the United States found that culturally targeted patient navigators achieved very
high rates of continued care (97%) and adherence (25). However, a major obstacle to
the initiation and continuation of care for CHB, despite any extra efforts at patient
engagement, was the lack of health insurance (26).

Due to treatment deferral, provider-requested further observation, patient loss to
follow-up, and/or patient refusal of treatment, up to half of the patients in the United
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States eligible for treatment were not treated within the first year after their diagnosis
(27). Specialists were more likely to initiate both treatment and treatment with the most
appropriate drug therapy. However, even for university-based liver clinics, only 59% to
73% of eligible patients were treated as recommended by professional practice guide-
lines (28). Once treatment is initiated, adherence to treatment is often poor due to the
asymptomatic nature of CHB during the pre-end-stage liver disease period. In one
study, all the entecavir treatment failures were accounted for through nonadherence
rates of 10% to 12% (over 4 years) (29).

Thus, trying to effectively screen, diagnose, and treat patients requires a multifac-
eted approach. Provider education, especially at the level of the primary care practi-
tioner, is needed. Information technology is needed to obtain complete medical
evaluations, improve the referral process, and improve the guidelines driving the
delivery of patient care. Efforts need to be continued to raise awareness among the
public as well as provide culturally sensitive and stigma-free education on HBV infec-
tion, its routes of transmission, and its prevention through vaccination. Interpreters and
language-specific materials are other proven methods that can be used to improve
rates of referral and follow-up with the health care system. Effective program delivery
depends upon adequate financial support, accessibility, and promotion by community
networks, all of which are vital to the meet the WHO goal of the elimination of viral
hepatitis by 2030.

DIAGNOSIS AND CLINICAL EVALUATION

In order to accurately screen, diagnose, and then treat patients who are infected
with HBV, an understanding of the current diagnostic tests is necessary. An indication
of CHB virus infection is the presence of a positive HBsAg result for over 6 months.
Seroclearance, identified by a qualitative test for HBsAg (i.e., the loss of HBsAg, which
is equal to �0.05 IU/ml in serum) with or without the appearance of antibodies
(anti-HBs), is regarded as a functional cure (17, 30, 31). Protective immunity is acknowl-
edged when the anti-HBs level is greater than 10 IU/ml.

Serological, Molecular, and Genomic Testing
Quantitative HBsAg. HBsAg levels and the source of HBsAg production change over

the different phases of CHB. In the immune-tolerant phase, HBsAg concentrations are
high, while in the inactive phase they are low (32–34). The source of HBsAg production
also changes from being predominantly covalently closed circular DNA (cccDNA)
transcription in the young hepatitis B e antigen (HBeAg)-positive patient to being from
HBV integrants in the older HBeAg-negative patient (35). An HBsAg level of �100 IU/ml
in Asian HBeAg-negative patients is predictive of spontaneous HBsAg seroclearance
within 6 to 8 years (36). Meanwhile, higher HBsAg levels may mean a lower likelihood
of spontaneous clearance; as a result, the HBsAg level has recently been incorporated
into HCC risk scores (37).

The HBsAg level can also be useful when trying to predict and/or monitor a patient’s
response to therapy with peginterferon (PEG-IFN) (38), such that in HBeAg-positive
patients, an HBsAg level of �20,000 IU/ml at week 24 confers a 96% negative predictive
value (NPV) for genotype A HBV and a 100% NPV for genotypes B, C, and D. A positive
response to treatment for HBV infection is defined as the loss of HBeAg and an HBV
DNA level of �2,000 IU/ml at 6 months posttreatment (39). The best-validated model
for prediction of the impact of treatment in HBeAg-negative patients is to note a
decline in both HBV DNA and HBsAg levels at week 12. The NPV for patients who fail
to achieve a 2-log decline in the HBV DNA level and/or any decline in HBsAg is 95 to
100% when defined as an HBV DNA level of �2,000 IU/ml with a normal alanine
aminotransferase (ALT) level at 24 weeks posttreatment (40). Nucleos(t)ide analogue
(NA) therapy, which is associated with a very slow decrease in HBsAg levels, regardless
of a strong suppression of HBV DNA, indicates that immune clearance is weak as well
as the continued transcription of integrated viral genomes not affected by chain
terminators (41). Studies from Hong Kong and Taiwan conducted with HBeAg-negative

Nguyen et al. Clinical Microbiology Reviews

April 2020 Volume 33 Issue 2 e00046-19 cmr.asm.org 6

https://cmr.asm.org


patients reported that a sustained response and HBsAg seroclearance after the cessa-
tion of lamivudine treatment can be predicted when the serum HBsAg level is �100 to
200 IU/ml (42, 43).

HBeAg. Since the discovery of HBeAg in the early 1970s, it has long been seen as an
indicator of viral replication and infectivity. With the introduction of HBV DNA testing,
infection and replication are more effectively measured by the measurement of HBV
DNA in serum. The definition of a patient’s phase in the history of chronic HBV infection
is currently measured by the HBeAg level (17, 44). The seroconversion of HBeAg
indicates an important phase in immune clearance. In spite of this, some HBeAg-
negative patients may contract active hepatitis with high HBV DNA concentrations. This
state is often characterized as HBeAg-negative disease. Concomitant mutations in the
basal core promoter and/or the precore stop codon can appear (45). Current interna-
tional opinion includes recommendations regarding the status of HBeAg (17, 30, 31)
(also see Treatment below).

HBeAg seroconversion can occur on peginterferon treatment, with a rapid decline in
HBeAg levels. On the other hand, a high HBeAg level can be used to predict a
nonresponse and terminate treatment early, when appropriate (46). Unfortunately,
HBeAg quantification is not yet standardized, which hinders its application in clinical
practice, while measurement of HBeAg levels is not recommended for patients who
have HBeAg-negative HBV.

Anti-HBc. The core antibody to hepatitis B virus (anti-HBc) can be detected through
immunoassays for total anti-HBc, which is able to detect both anti-HBc IgG and anti-HBc
IgM. Anti-HBc IgM is the determinant of acute hepatitis B and is often the only sign that
may be detected during the period of acute hepatitis B when HBsAg has become
undetectable. Patients are also positive for anti-HBc when they have severe and acute
flare-ups of chronic hepatitis B (47). However, anti-HBc IgG may indicate current or
previous HBV infection. In patients with cryptogenic hepatocellular carcinoma (HCC), a
negative result for HBsAg and a positive result for anti-HBc may indicate HBV infection
or possible occult HBV infection (48). Patients receiving potent immunosuppression
and cancer chemotherapy (for example, rituximab) may have a reactivation of occult
HBV infection (49). The amount of HBV DNA detectable in patients with occult HBV
infection is usually �200 IU/ml.

HBV DNA. Current guidelines suggest antiviral therapy for patients with increased
ALT levels and HBV DNA levels of 2,000 to 20,000 IU/ml, as well as in those with HBV
DNA at any detectable levels in the presence of cirrhosis, since HBV DNA can be a
marker of viral replication and is the main target of antiviral therapy (17, 30, 31). This
tactic is based on data that demonstrate a strong relationship between high HBV DNA
levels and the future development of cirrhosis and HCC (50, 51). Suppression of HBV
DNA to an undetectable level on testing is associated with a reduced risk of cirrhosis,
HCC, and decompensation (52, 53).

Patients on treatment with nucleos(t)ide analogs (NAs) need to be tested for HBV
DNA to assess the treatment response and guide treatment. Failure to suppress HBV
DNA to achieve undetectable levels by the 6th month of treatment with telbivudine
and lamivudine or by 12 months of treatment with adefovir (all of these drugs have a
low barrier to resistance) is associated with an increased risk of therapeutic resistance.
Therefore, the use of a more potent agent to which the virus is not resistant is usually
recommended (17, 30, 31). The baseline or on-treatment HBV DNA level also predicts
the response to peginterferon therapy (40, 54).

HBcrAg. Hepatitis B core-related antigen (HBcrAg) is a new indicator that measures
an amino acid sequence common to HBeAg and hepatitis B core antigen (HBcAg), as
well as a putative 22-kDa precore protein. Since HBcrAg positivity correlates with
intrahepatic HBV DNA and pregenomic RNA (pgRNA) levels among patients on NA
treatment, HBcrAg may be a good serum marker of the active transcriptional activity of
liver cccDNA (55). In patients treated or not treated with NA, higher HBcrAg levels may
be associated with an increased risk of liver cancer (55, 56). Therefore, among NA-
treated subjects, the level of serum HBcrAg associates with the serum HBV DNA level
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but not the serum HBsAg level (57). The higher that the HBcrAg level is prior to
stopping NA treatment, the higher the risk for hepatitis reactivation is, reflecting a
possible role of HBcrAg in residual viral replication during NA therapy (58, 59). Hence,
HBcrAg may be an effective indicator of the presence of cccDNA in the liver and may
be useful for surveillance and an indicator of the efficacy of treatment and the clinical
course for CHB patients.

POC Diagnostics

A rapid point-of-care (POC) assay for HBsAg provides a plausible diagnostic strategy
in low-resource areas. A recent meta-analysis summarizing the findings of 27 studies
evaluated 49 rapid POC assays (60). Despite a robust specificity close to 100% (range,
90% to 100%), the reliability of individual testing varied greatly and was heterogeneous
in a range of from 43.5% to 99.8%. Study location, reference standard, and study score
were the three key factors most dependably aligned with the estimates and the
heterogeneity (60). However, another study tested three POC tests for HBsAg in the
field and in labs in the Western Africa country of the Gambia. They found that
the sensitivity and specificity ranged from 88.5% to 90.0% and 99.8% to 100%,
respectively, in the field and from 93.9% to 95.3% and 93.3% to 94.7%, respectively, in
the laboratory setting (61). Though further research is indicated, POC tests for HBsAg
may prove to be accurate, rapid, and less expensive choices than laboratory serological
screening for HBV in the field.

Genomic and Novel Molecular Markers

The HBV genotype has been associated with both the response to antiviral therapy
and disease outcomes (62). There are currently 10 HBV genotypes, with each genotype
being classified by an 8% or more divergence in the nucleotide sequence of the
genome (63). Among them, genotypes A to D are the four predominant genotypes (64).
Genotypes B and C are the most common in eastern and southeastern Asia (65, 66),
while genotypes A and D are most commonly found in North America, Africa, and
Europe (67). Genotype E has been reported from West Africa. Genotypes A and B
appear to have a greater response to interferon therapy than genotypes C and D
(68). In contrast, the various HBV genotypes do not have different responses to the
nucleos(t)ide analogues. Delayed HBeAg seroconversion and a higher risk of reactiva-
tion in the HBeAg-negative phase are associated with genotype C, and hence, those
infected with genotype C have more advanced fibrosis and more severe liver damage
than those infected with genotype B (69). In a meta-analysis of 14,545 patients, a
greater risk of HCC was seen in those infected with genotype C than in those infected
with the other major genotypes (70, 71). Patients with genotype C infection also
account for more cases of fibrosis, cirrhosis, and liver cancer than those with genotype
B infection. However, studies in Hong Kong and Taiwan have noted the development
of HCC in young noncirrhotic genotype B-infected patients (72, 73). In contrast, reports
from different parts of the world have indicated that individuals infected with HBV
genotypes C, D, and F are more likely to have a greater cumulative cirrhosis and HCC
risk than those infected with genotypes A and B (74). In southern Africa, HCC occurs at
a younger age in those infected with subtypes of genotype A.

In HBV, host genomic factors that interfere with the viral replication cycle could
indicate additional targets for therapy to reduce viral loads (75). Interferon lambda 3
(IFN-�3), formerly interleukin-28B (IL-28B), creates a polymorphism in the human
leukocyte antigen (HLA) locus and thus is a promising single nucleotide polymorphism
(SNP) that may indicate a virological response to peginterferon (76). HLA-DPA1, another
HLA locus, is often linked to HBeAg seroconversion (77). Hepatic disease progression in
Chinese Han hepatitis B patients has been found to be linked to the G-201A allele, in
the promoter region of the interferon-inducible IP-10 gene, through the upregulation
of IP-10 expression (78). This phenomenon should be studied in patients of other
ethnicities.
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Since HBV DNA is suppressed to low levels in most patients on NA therapy, the HBV
DNA level does not accurately reflect the levels of viral cccDNA, RNA, or antigen
production in the livers of treated patients. Other groups have studied the role of HBV
RNA as a potential biomarker (79). Since mRNA exists in an unstable state in the serum,
most HBV RNA found in the serum is thought to be pregenomic RNA. Previous studies
have suggested that the measurement of HBV RNA may be helpful in predicting HBeAg
seroconversion in patients on NA therapy and is deserving of further evaluation (80).

Recommendations for Screening and Diagnosis
AASLD. The American Association for the Study of Liver Diseases (AASLD) currently

suggests that all persons born in countries with a HBsAg seroprevalence of 2%,
U.S.-born persons not vaccinated as infants whose parents were born in regions with
high rates of HBV endemicity (8%), pregnant women, persons needing immunosup-
pressive therapy, and individuals at high risk for exposure to HBV (for example, blood
recipients, blood donors, individuals with male-to-male sexual contact, prisoners, peo-
ple with a history of liver disease; refer to the guidelines for a full list) be screened for
HBV using tests for both HBsAg and anti-HBs. Screened persons who are anti-HBs
negative should be vaccinated.

Other guidelines. At present, the European Association for the Study of the Liver
(EASL) does not have specific guidelines on who to screen and what tests to use for
diagnosis. The guidelines of the Asian Pacific Association for the Study of the Liver
(APASL) follow the AASLD recommendations on who would benefit the most from
screening. Testing should include a serological assay for HBsAg (subgenotype A1),
anti-HBs (subgenotype B2), and total anti-HBc (subgenotype B2). However, APASL
emphasizes that screening should be linked to appropriate counseling and referral for
further care, including clinical evaluation of the need for treatment and vaccination. The
World Health Organization (WHO) also recognizes the same groups of people that need
to be screened for HBV noted by AASLD. However, for testing, WHO recommends using
a single quality-assured serological in vitro diagnostic test (IVD; i.e., either a laboratory-
based immunoassay [an enzyme immunoassay or a chemiluminescence immunoassay]
or rapid diagnostic test [RDT]) to detect HBsAg and hepatitis C virus (HCV) antibody.
The RDTs used should meet minimum performance standards and should be delivered
at the point of care to improve access and a linkage to care and treatment. When a
person is found to have a reactive HBsAg serological test result, HBV DNA nucleic acid
testing should be conducted to help further guide who to treat or not treat, if there is
no evidence of cirrhosis, and to monitor for the treatment response.

Assessment of Liver Necroinflammation and Fibrosis
Serum alanine aminotransferase. ALT concentrations generally correlate with he-

patic necroinflammation in CHB patients. Cutoffs for ALT should be lowered to 30 IU/
liter for males and 19 IU/liter for females (81), as high-normal ALT levels ranging from
40 to 70 IU/liter are linked to cirrhosis (82) and liver-related deaths (83). However, a
current AASLD 2018 guidance update suggested that the ALT cutoffs should be 35
U/liter for males and 25 U/liter for females (84).

Assessment of hepatic fibrosis by invasive versus noninvasive tests. Percutaneous
biopsy of the liver is traditionally the best diagnostic measurement to use when
assessing liver fibrosis in clinical trials (85), as well as for determination of patient
prognosis and interventions (86). However, its use in routine clinical practice is limited
due to its invasive nature, the potential for serious complications, difficulty with
selection of the correct location for the biopsy, selection of a sample that is large
enough, as well as heterogeneity among pathologist readings (86).

Recently, noninvasive tests for the staging of fibrosis have become available. Such
tests can be classified as physical tests or tests for serum biomarkers, and each has its
own advantages and disadvantages (Table 3). There are two groups of physical tests:
shear wave elastography (including transient, acoustic radiation force impulse, or
multidimensional shear wave elastography) as well as magnetic resonance elastogra-
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phy (MRE). Among these tests, FibroScan transient elastography is one of the best
applicable tools worldwide. The standard M probe transmits a shear wave followed by
an ultrasound wave through a probe placed near the liver parenchyma to assess liver
stiffness measurement (LSM) (87). Doppler calculates the velocity of the wave passing
through the liver. This technique can discriminate between severe fibrosis, no or
minimal fibrosis, and cirrhosis (88), and it is useful and accurate across liver diseases,
such as CHB, CHC, and autoimmune hepatitis (87). However, measuring LSM by
transient elastography is not as efficient in obese patients (89), unless an XL probe is
used (90). On the other hand, MRE assesses liver stiffness with a phase-contrast imaging
method that uses mechanical wave propagation (91). Generally, obesity or the severity
of the ascites does not affect MRE, and it is not as operator dependent or prone to
technical failure as other tests. MRE can be used to stage even mild fibrosis (92).
However, MRE is less cost-effective, slower to perform, and less well tolerated than an
ultrasound-based approach.

Serum biomarkers for liver fibrosis are often used in combination. The two most
well-known indices which are based on routinely available laboratory markers are the
aspartate aminotransferase (AST)-to-platelet ratio index (APRI) (93) and the Forns index
(94), though caution is warranted if the APRI is used in patients from Africa, as its
sensitivity is low for this group. Other tests include those that test for biochemical
markers specifically related to fibrinolysis or fibrinogenesis (95). FibroTest (BioPredic-
tive, Paris, France) and FibroSure (LabCorp, Burlington, NC, USA) test for gamma-
glutamyltransferase (GGT), total bilirubin, �2-macroglobulin, apolipoprotein A1, and
haptoglobin (96–98). They have been validated for use in patients with CHB and are
widely used. Other specific serum-based noninvasive fibrosis tests or measures are
FibroMeter (Echosens, Paris, France) (99) and the enhanced liver fibrosis (ELF) score
(100, 101).

To enhance the accuracy of fibrosis assessment, different approaches combining
physical tests and biochemical markers have been proposed. A significant proportion of
patients can avoid liver biopsy if the ELF-LSM algorithm is used (100). An additional
well-validated combination approach is the Forns index, which does not use the ALT
level in the LSM algorithm (102).

PATHOGENESIS AND NATURAL HISTORY
HBV Life Cycle and HBV Cure Targets

HBV is a DNA virus of the Hepadnaviridae group. The virion contains a circular DNA
genome of 3,200 bp. An RNA pregenome replicates DNA by reverse transcription within
the capsid. The virion is internalized into the cell by attaching to a cellular receptor,
sodium taurocholate cotransporting polypeptide (NTCP). The first replicative event is
the change of the relaxed circular DNA (rcDNA) into a covalently closed circular DNA
(cccDNA) minichromosome inside the hepatocytes. Conversion of the relaxed circular
DNA to the closed circular DNA requires disassembly of the HBV capsid, deproteiniza-
tion of the rcDNA, and the ligation of rcDNA to cccDNA. Notably, cccDNA is synthesized
from rcDNA either from infecting virions or from subsequent intracellular nucleocapsids
via a cccDNA shuttle amplification pathway, thus providing a critical mechanism for
persistence as a minichromosome in the center of infected cells. The transcriptional
template used for the transcription of major viral mRNA is cccDNA. HBsAg, HBcAg,
HBeAg, the DNA polymerase, and the HBx protein are encoded by conserved open
reading frames. HBsAg is also produced following the transcription of integrated viral
DNA (103). Human RNA polymerase II mediates the transcription of cccDNA to generate
pgRNA. This polymerase attaches to a secondary structure, epsilon, at the end of the
pregenome. The capsid of the virus is constructed into core particles containing pgRNA
and the viral polymerase (reverse transcriptase). HBV replication occurs within capsids
and the nucleocapsid, where, through reverse transcription, the pgRNA forms incom-
plete rcDNA, where the HBV capsids become mature virus particles after being coated
with HBsAg (104). The capsid-containing rcDNA alternatively shuttles to the nucleus to
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replenish cccDNA or becomes covered to form the infectious virions, which are then
released from the cell (105, 106).

Complete and incomplete viral particles are then secreted. Numerous empty non-
DNA-containing virions are exuded; importantly, recent findings have shown that
RNA-containing particles are released. As described above, inhibition of cccDNA syn-
thesis within the nucleus is not directly affected by current nucleoside analogue
therapy, as only minus- and plus-strand DNA synthesis within the cytoplasm is targeted.
We know that HBx is needed to transcribe cccDNA via epigenetic regulation (107, 108).
We also know that fragments of HBV DNA become part of the genome of hepatocytes
but that integration is not necessary for the replication of HBV. A soluble, dimeric
protein, HBeAg, is secreted from hepatocytes. HBeAg is processed from the precore
protein: the bulk of amino acids are shared with HBcAg, but HBeAg possesses an
N-terminal extension of 10 amino acids and a C-terminal truncation of 34 amino acid
residues. Both HBV and hepatitis D virus (HDV) have on their surfaces the large
envelope glycoprotein, which plays an important role in the entry of the virus. The
antigenic loop on the S protein mediates the attachment of heparin sulfate proteogly-
cans (HSPGs) to the cell surface (109, 110). The entry receptor has recently been
discovered to be the sodium taurocholate cotransporting polypeptide (NTCP) (111–
113). Based on nucleotide divergence, a sequence variation (variation of up to 12% of
nucleotides) between isolates of HBV can produce up to 10 different genotypes
(genotypes A to J) as a result of this divergence (111–113).

Natural History

Since the pathophysiology of HBV is so complex, the history and phases of infection
are still being studied. Most children infected in infancy or childhood will develop
chronic HBV infection (114–116). Different age-dependent phases of the disease have
long been recognized and generally consist of an immunotolerant phase (or high-
replication, low-inflammation phase), an immunoactive phase, an inactive carrier state
(low replication levels and normal/nearly normal serum aminotransferase levels), and
reactivated disease (Table 4). These have been renamed in the recent EASL HBV clinical
practice guidelines as HBeAg-positive infection, HBeAg-positive hepatitis, as well as
HBeAg-negative infection and HBeAg-negative hepatitis (17).

In children and young adults, the high-replication, low-inflammation phase is char-
acterized by detectable serum HBsAg and HBeAg concentrations and high serum HBV

TABLE 4 Phases of chronic hepatitis Ba

Characteristics of the following phase:

Immune-tolerant phase Immune activation Low replication Reactivation Remission

Occurs in patients with
perinatally acquired
infection

High or fluctuating HBV DNA
levels

Low or nondetectable HBV
DNA levels

Fluctuating ALT and HBV
DNA levels

After many years,
some patients may
enter a remission
phase

Minimal liver inflammation High or fluctuating ALT levels Normal ALT levels Usually older patients with
more advanced liver
disease

Not considered a cure
because trace HBV
DNA is still present

May last from 1 year to
decades

Active inflammation and liver
damage

Mild hepatitis and minimal
fibrosis

Chronic hepatitis

Can lead to chronic
infection

Can lead to chronic infection Cirrhosis may be present
due to previous liver
damage

HBsAg positive

ALT levels normal HBeAg positive ¡ HBeAg
negative and anti-HBe
positive

Chronic infection HBeAg negative, anti-HBe
positive

HBV DNA levels high HBsAg positive HBsAg positive HBeAg negative, anti-
HBe positive

HBeAg positive HBeAg negative, anti-HBe
positive

HBsAg negative

HBsAg positive
aThe characteristics are taken from information published previously (17, 270, 271). CHB follows a nonlinear clinical course; not all patients go through each phase.
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DNA concentrations but only slightly increased serum ALT levels, and liver histology is
often relatively benign (i.e., minimal to no inflammation or fibrosis). However, in this
phase, disease is under way, with expansion of hepatocytes and HBV integration that
may ultimately progress to active disease.

Progression to cirrhosis in HBeAg-positive patients occurs at a rate of 2 to 5.5% per
year, becoming 8 to 20% in 5 years. The high-replication phase may be followed by
active HBV infection with developing necroinflammation (also referred to as HBeAg
hepatitis, or the immunoactive phase) or by HBeAg seroconversion and remission in a
proportion of patients (HBeAg-negative infection, or the inactive carrier state). Inactive
carriers characteristically exhibit normal aminotransferase levels, and the HBV DNA level
is generally found to be less than 2,000 IU/ml. A small proportion of patients experience
disease regression at a rate of from 0.5 to 2% per year. Anti-HBe early seroconversion
before the onset of marked hepatic fibrosis may signal remission and may indicate a
good prognosis, depending upon the degree of liver damage.

Conversely, HBeAg-negative anti-HBe-positive disease (also called HBeAg-negative
hepatitis, or the reactivation phase) is a progressive stage of chronic disease. Though
HBeAg is not apparent in these patients due to mutant precore HBV, HBcAg is detected
in liver cells and evidence of active disease is still present. Patients with anti-HBe-
positive CHB are usually older, have more continuing inflammatory changes, and
experience variations in their liver disease course, with inconsistent serum aminotrans-
ferase levels and different HBV DNA concentrations. Anti-HBe-positive patients experi-
ence a quicker progression to cirrhosis at a yearly rate of 8 to 20%, and the levels of
HBsAg and HBV DNA in these patients tend to be lower than those in patients who are
HBeAg positive.

Patients with cirrhosis experience hepatic failure at a rate of 16% over 5 years. In 366
HBsAg-positive patients with compensated cirrhosis, the cumulative probability of
survival was 84% and 68% at 5 and 10 years, respectively (117–120). It was determined
that risk factors for a high rate of progression and shorter survival were age, male sex,
high liver enzyme levels, high HBV DNA levels, high HBsAg levels, infection with a
genotype C strain, as well as basal core promoter expression. The REVEAL studies
delineated the relationship between HCC risk and high HBV DNA concentrations (37,
121).

TREATMENT

The ultimate goals of treatment are to improve the patients’ quality of life and their
survival. Therefore, treatment is geared toward the prevention of liver disease progres-
sion to cirrhosis, decompensated cirrhosis, hepatocellular carcinoma, liver transplanta-
tion, and death. These goals can be achieved through the elimination of HBV replica-
tion, which results in the normalization of liver enzyme levels and the resolution of
histologic necroinflammatory activity. Sustained viral suppression prevents fibrosis
progression and leads to the regression of fibrosis even for patients with established
cirrhosis. In the tenofovir registration study, at 5 years of follow-up, paired liver biopsy
results demonstrated that 348 patients experienced an 87% regression of fibrosis,
including 71 out of the 96 cirrhotic patients (74%) (122). Sustained viral suppression
also reduced the risk for hepatocarcinogenesis (13). The following briefly describes the
recommendations for initiating treatment per professional society guidelines and the
current regimens available for the treatment of HBV infection (Fig. 2).

Summary of Current Recommendations for Initiating Antiviral Therapy

Treatment guidelines are regularly updated to incorporate the new developments in
the field. The key features of the treatment recommendations from major guidelines
available worldwide are found in Table 5.

EASL 2017 clinical practice guidelines. One of the most frequently updated guide-
lines is from the European Association for the Study of the Liver (EASL), which appeared
online in April 2017. The key features in the new EASL guidelines included updated
definitions of the different CHB phases using the status of HBeAg, as well as the
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recommendation for the use of tenofovir alafenamide (TAF) as a first-line antiviral agent
and discussion of the need for antiviral prophylaxis for patients with hepatitis B and C
virus coinfection treated with direct-acting antivirals (DAAs) (17).

AASLD 2018 guidelines and ATA 2015. There are two major practice guidelines or
treatment algorithms in the United States (30, 123). The American Association for the
Study of Liver Diseases (AASLD) last updated is practice guidelines in 2018 (84). One
major update was the increase in the ALT threshold for treatment (2� the upper limit
of normal [ULN]), with the upper limit of normal being changed to 35 U/liter for males
and 25 U/liter for females.

In addition, a very practical algorithm, comprehensive review, and recommenda-
tions on screening for HBV, pretreatment evaluation, treatment, and vaccination were
published by a group of experts and are collectively known as the American treatment
algorithm (ATA). The last update was in 2015 (123), and the ALT threshold treatment

FIG 2 Universal HBV screening and care action items for persons residing in and immigrants from areas where HBV is endemic (an HBsAg prevalence of 2%
or higher). US, ultrasound; AFP, alpha-fetoprotein; HAV, hepatitis A virus; CBC, complete blood count; INR, international normalized ratio.
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recommendation was 1� the upper limits of normal (30 U/liter males and 25 U/liter
females).

APASL clinical practice guidelines 2015. The practice guidelines developed by the
Asian Pacific Association for the Study of the Liver (APASL) have had a major influence
on the management of CHB in the Asia-Pacific region, which represents the area with
the largest HBV disease burden (31). As NAs with low genetic barriers are still commonly
used in some Asia-Pacific countries, a detailed drug resistance monitoring and man-
agement recommendation is presented along with a very detailed section on screening
for hepatocellular carcinoma (HCC) and HCC risk factors.

WHO 2015. The World Health Organization (WHO) issued its first guidelines for the
management of CHB in March 2015. With a worldwide perspective and coverage
(including Africa), the 2015 guidelines provided practical suggestions, with special
attention being given to settings with limited resources. As an example, APRI was
suggested to be the noninvasive test that should be used for assessment of the
presence of cirrhosis, using a cutoff value of 2 for adults in monetarily limited areas.
More advanced noninvasive tests, such as transient elastography or the FibroTest, were
recommended for use in wealthier settings. An age greater than 30 years was also set
as a condition to consider antiviral treatment, in particular, for patients with persistently
abnormal ALT levels. Detailed recommendations about who should receive treatment,
as well as when to end treatment and how to monitor and prevent hepatitis B virus
infection, are described below. However, a recent publication from Ethiopia suggests a
low performance of the WHO criteria in the correct selection of CHB patients who could
benefit from therapy (124, 125).

Current Treatment Regimens and Treatment Durations

Current therapies for the management of CHB include peginterferon (PEG-IFN) and
orally administered nucleos(t)ide analogs (NAs). NAs are the most widely chosen option
globally.

For NAs, all regional associations agree that first-line therapy should be with an oral
antiviral with a strong barrier to resistance: either entecavir, TDF, or TAF (17, 30, 31).
Short-term treatment with NAs is feasible for those HBeAg-positive patients who
experience seroconversion to anti-HBe during treatment. After HBeAg seroconversion
occurs, treatment should continue for at least 1 year and, it is hoped, an additional
3 years in order to achieve a long-lasting response once therapy is discontinued.
Therapy continuation for at least 3 years lowers relapse rates to less than 30% and
hastens the subsequent loss of HBsAg. Higher relapse rates following therapy discon-
tinuation occur among older patients and those with HBV genotype C infection.

The recommended therapy cutoff criteria for NAs in HBeAg-negative patients vary
by region. Given the very high rate of relapse following treatment withdrawal, AASLD
recommends that NAs be withdrawn from HBeAg-negative patients only after confir-
mation of the loss of HBsAg, with or without seroconversion. Recent reports from Asian
and European countries suggest that NAs may be stopped in HBeAg-negative patients
who have undetectable HBV DNA at three different times when the testing times are
6 months apart, although the duration of on-therapy HBV DNA undetectability remains
important (31, 126). The disease remains inactive, defined as an HBV DNA level of
�2,000 IU/ml and a normal ALT level, in approximately half of the patients at 3 years
after therapy withdrawal. Treatment discontinuation is not recommended for patients
with cirrhosis, due to the risk of life-threatening hepatitis flares following virological
relapse (127). In the near future, newer markers, such as HBV RNA and HBcrAg, may
guide treatment decisions.

In contrast to NA therapy, the use of peginterferon as primary therapy in patients
with CHB has been limited by its poor efficacy and tolerability. However, unlike NA
therapy, PEG-IFN has a finite duration. For HBeAg-positive and HBeAg-negative patients
who have a good chance of HBeAg seroconversion, 48 weeks of PEG-IFN is recom-
mended. In phase 3 clinical studies, only one third of HBeAg-positive patients and
�10% of HBeAg-negative patients achieved a sustained response after 48 weeks of
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treatment with peginterferon. The efficacy seemed to be improved in those patients
who had already developed an ostensible immune response against HBV, such as
HBeAg-positive patients with an HBV DNA level of �9 log IU/ml and an ALT level �5�

the ULN. Monitoring of an on-treatment HBsAg decline (at 12 or 24 weeks) identifies
nonresponders, allowing the early cessation of treatment, which improves both the
cost-effectiveness and the tolerability of this treatment (128, 129). Effectiveness can also
be found for HBeAg-negative patients, as it may be the only option that may produce
an opportunity for a sustained response off treatment after a limited course of therapy.

Combinations of peginterferon with NAs or add-on or sequential therapy with NAs
followed by peginterferon treatment have been demonstrated to be safe and to have
improved seroconversion rates compared to those of single therapies (130, 131). Larger
studies of these options need to be performed before they can be recommended. It
should be noted that peginterferon should not be used in patients with decompen-
sation, but it can be used with caution in patients with compensated cirrhosis. In
contrast, oral NA therapy improves and restores function even in patients with severe
decompensated liver disease (132).

Disadvantages of Oral Antiviral Therapy and Future HBV Cure Therapies
Viral suppression difficulties. Although maintained viral suppression improves the

outcomes in most patients with CHB, long-term NA therapy has a number of disad-
vantages. First, a mere one-fifth of patients with CHB meet the current criteria for
beginning treatment with antivirals. Second, the rate of seroclearance (functional cure)
with oral antiviral therapies does not appear to be significantly higher than the
spontaneous rate of about 1.0%; therefore, treatment is often lifelong (133). Also, with
long-term therapy, the HBV transmission risk may decrease, but the risk is not com-
pletely eliminated. A recent in vitro study using new highly sensitive molecular assays
for HBV DNA demonstrated a residual ability of HBV DNA to transmit HBV infection in
an experimental model (134).

Development of liver cancer. In addition, long-term therapy may reduce but not
eliminate the risk of liver cancer (135). NAs prevent the formation of a covalent bond
with the adjoining nucleotide by competing at the HBV catalytic site during the
formation of nascent HBV, causing chain termination of the elongating DNA, but they
do not act on cccDNA (136). The stable conservation and functioning of the cccDNA in
the nuclei of HBV-infected cells in nucleoside analogue-treated patients provide a
continual source of viral RNA transcripts but generally result in only minimal rates of
HBsAg loss and prohibit cure in most patients. Integrated viral genomes are not directly
affected by NA therapy (136).

Oral antiviral toxicity. Although NAs have been proven to be safe and well
tolerated, cumulative toxicity may develop in some patients after long-term use. Elderly
patients and those with HIV infection have developed bone disease and renal tube
injury with the use of tenofovir. Preclinical studies have shown carcinogenesis (cyto-
toxicity in human lymphocytes and tumors in rats) with the use of entecavir, and
consequently, it is not indicated for use in women of childbearing age or in children.
Finally, the risk of liver cancer may increase following sequential lamivudine-adefovir
dipivoxil therapy, due to A181T variant selection and the development of the cyto-
plasmic accumulation of S proteins which have been truncated, causing activation of
the c-Raf-1/mitogen-activated protein kinase pathway (137).

Future Directions for Therapy

Therefore, new therapies for HBV that can achieve sustained suppression and HBsAg
loss after a limited course of therapy are of high interest. Such therapies will permit the
discontinuation of NAs after short periods of therapy and provide a so-called HBV cure.
There are three defined endpoints: (i) partial cure, which is HBV DNA suppression and
normal ALT levels after the end of treatment without a loss of HBsAg; (ii) functional
cure, which is HBV DNA suppression and ALT level normalization after the end of
treatment with a loss of HBsAg but without cccDNA elimination (which does not retain
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the risk of late HBV reactivation during immunosuppression); and (iii) complete cure,
which is permanent HBV DNA suppression and normal ALT levels after treatment with
the loss of HBsAg and the elimination of cccDNA. None of these strategies will target
integrated HBV DNA and, hence, will not prevent HCC unless they are administered
early in the HBV infection process, before integration has occurred. Thus, HBV cure will
require a combination of novel antivirals that will reduce the levels of HBV DNA (or the
level of protein production) and immunomodulators which boost the exhausted nat-
ural immune responses found in chronic hepatitis B (137, 138).

Therapeutic HBV vaccines. The individual patient’s own immune response to HBV
infection is important and foreshadows the clinical outcome following an acute HBV
infection. The spontaneous clearance of HBV infection requires a vigorous, polyclonal
antigen-specific, adaptive immune response against HBV proteins. A broad CD8� T-cell
response is also required for spontaneous clearance (138). Activation of antiviral
immunity against HBV includes (i) the generation of new T cells via therapeutic
vaccines; (ii) stimulation of antiviral effector cells, such as T cells, B cells, and dendritic
cells; and (iii) reduction of the T-cell exhaustion that accompanies chronic HBV infec-
tion. To date, the therapeutic vaccines have been disappointing. Although immuno-
genic vaccines and T-cell peptide vaccines generate sustainable and protective HBV-
specific B- and T-cell responses in HBV-naive patients and reduce hepatitis B virus
replication in animals with chronic hepadnaviral infection, they have absolutely no
efficacy in patients with chronic hepatitis B when they are used either alone or with oral
antiviral therapy (139, 140). A promising vaccine developed using the targeted molec-
ular immunogen platform (the GS-4774 vaccine) uses recombinant Saccharomyces
cerevisiae yeast to express surface, core, and X proteins. Weekly or monthly GS-4774
vaccines given to health volunteers produced HBV-specific T-cell-mediated responses
in almost all the volunteers (90%), with two subjects developing low-level anti-HBs
(141). GS-4774 was well tolerated in virally suppressed patients, but it did not produce
significant reductions in HBsAg levels, even though almost half (40%) had an increase
in HBV-specific T cells affecting HBV core and HBx proteins (142).

Pharmacological stimulation of the innate immune response. There is also evi-
dence that HBV proteins are recognized by pathogen recognition receptors, including
Toll-like receptor 2 (TLR2), TLR4, and RIG-I (143–145). The virus may have evolved
mechanisms to inhibit pathogen recognition receptor pathway signaling. Pharmaco-
logical stimulation of the innate immune response with Toll-like receptor 7, 8, or 9 is
being studied. Toll-like receptor 7 affects multiple arms of the immune system with its
pattern recognition receptor, including both innate and adaptive effector cells and
antiviral cytokine responses. Additionally, TLR7 is expressed by B lymphocytes, and
upon activation, TLR7 results in polyclonal expansion and differentiation toward
immunoglobulin-producing plasma cells, providing a humoral component to the adap-
tive immune response. Agonist-induced activation of TLR7 may provide a new treat-
ment avenue for CHB patients through its effects on the innate immune effectors and
HBV-specific T- and B-cell responses (143–145).

TLR7. Oral vesatolimod (GS-9620) is an oral TLR7 agonist being developed at the
current time. The administration of vesatolimod to mammals for 1 to 2 months has led
to HBV DNA suppression, the loss of HBsAg, and a reduced rate of development of HCC
(143–145). In two randomized controlled studies comparing virally suppressed and
treatment-naive CHB patients, weekly vesatolimod was found to be safe, well tolerated,
and associated with the production of peripheral interferon-stimulated gene 15 (ISG15)
without significant systemic interferon alpha (IFN-�) levels or related symptoms but
had no effect on HBsAg levels (146, 147). This discrepancy between chimp and human
responses may reflect the lower dosing used in humans because of dose-related
toxicity. Several other potent TLR7 agonists are now entering clinical trials (148).

TLR8. In contrast to TLR7, myeloid cells (myeloid dendritic cells, monocytes, and
Kupffer cells) are where the expression of TLR8 receptors is found. Stimulation by TLR8
agonists should trigger the maturation of professional antigen cells, noted to be in gut
lymphoid tissue or the liver. A variety of cytokines which can stimulate or rescue
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antigen-specific T-cell responses to improve anti-HBV activity can result from such
stimulation. TLR8 agonism should produce a more effective antiviral immune response
and lead to the functional cure of CHB. In animal models, TLR8 agonism can induce an
innate immune response in circulating blood cells without inducing adverse systemic
IFN-�. The first TLR8 agonist, GS-9688, has recently entered phase 1 clinical develop-
ment (148).

STING. Another innate immunity-related target is STING (stimulator of the IFN gene).
STING is a pathogen recognition receptor that activates downstream signaling and the
expression of interferons and is also the adapter protein of multiple cytoplasmic DNA
receptors. Pharmacological activation of the innate immune response may use STING as
a potential target (149). STING agonists are in preclinical development (150–154).

RIG-1. The HBV polymerase may counteract IFN-� production in humans (155). RIG-I
(retinoic acid-inducible protein) is a cytosolic sensor of RNA that can promote inflam-
matory signals through activation of interferon regulatory factor 3 (IRF-3) and NF-�B.
Importantly, RIG-I has been proven to recognize and bind the epsilon stem-loop of HBV
pgRNA and interfere with HBV replication, as well as induce IFN and cytokine produc-
tion. Study data suggest that the mechanisms of action for RIG-I are 2-fold, whereby
RIG-I interferes with the HBV polymerase in human liver cells and RIG-I performs as an
HBV sensor that begins an innate signaling process (156). The experimental drug SB
9200, an oral prodrug relative of the dinucleotide SB 9000, then activates RIG-1 and
nucleotide-binding oligomerization for protein 2, resulting in an IFN-mediated antiviral
immune response in infected cells (157).

siRNA/LNA. It is likely that to enhance the weakened innate and immune responses
specific to HBV in patients with lifelong CHB, new immunomodulators need to be used
along with other modalities to ameliorate T-cell exhaustion. The small interfering RNA
(siRNA)/locked nucleic acid (LNA) approach (see below) could help reconstitute im-
mune responses specific to HBV through the rapid and effective knockdown of hepatitis
B proteins. However, due to the overexpression of T-cell receptors in patients with
chronic hepatitis B, T-cell effector function is limited (158).

PD-1 and PD-1 inhibitors. Among the T-cell receptors, PD-1 is expressed the most
on HBV-specific T cells within the liver, while at the same time, PD-L1 expression is
increased in hepatocytes (159). For this reason, PD-1 and PD-1 inhibitors are currently
being studied as possible treatments for chronic hepatitis B. Experiments on wood-
chucks with chronic woodchuck hepatitis virus infection have shown that a blockade of
PD-L1, in addition to DNA vaccination, proved to effectively control viremia (160). In the
first clinical trial of anti-PD-1 in patients with CHB, a low dose (a single dose of
0.3 mg/kg of body weight; in comparison, monthly doses of 3 mg/kg are used in
patients with melanoma) induced significant reductions of HBsAg, and a single patient
achieved complete HBsAg seroconversion (161). Further studies will need to be cau-
tious in determining the dosage to avoid stimulating autoimmune conditions, such as
pneumonitis, colitis, and hepatitis, and immune-mediated HBV flares.

HBV life cycle. In addition, the HBV life cycle provides many different access points
for antiviral therapies, and clinical development is focused on small molecules that
block HBV entry (myrcludex) (113), HBV protein synthesis (siRNAs ARC520 and ARC521,
ALN-HBV, ARB-001467, and LNAs), core synthesis (NVR3-778, GLP-2, BAY41-410, AB-423,
ABI-H0731), and finally, the release and formation of virions (REP-2139) (162). Research-
ers have discovered an allosteric agent, a synthesized derivative of the large HBsAg
protein myrcludex B, that retards NTCP. The peptide irreversibly blocks the receptor to
block the transport of bile salts and the introduction of HBV in cellular experiments. This
protein is currently being studied in chronic hepatitis B and hepatitis D infections (163).

cccDNA target. The hepatitis B core protein performs multiple crucial roles in virus
replication, cccDNA maintenance, and downward progression of the host’s inborn
immune response. As the core is preserved in all HBV genotypes, it is thus a promising
target for inhibitors consisting of small molecules that attach to the core protein,
causing allosteric modulation that prevents dimerization and assembly of the nucleo-
capsid (164). The use of small molecules that target capsid assembly represents a
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promising antiviral strategy. These molecules include heteroaryldihydropyrimidines,
phenylpropenamides, pyridazinone derivatives, and sulfamoyl benzamides. As capsid
formation is an indispensable step in the generation of HBV virions but also in the
augmentation and persistence of cccDNA in the nucleus, targeting capsid assembly and
disassembly is an attractive approach (165). Thus, inhibitors of either encapsidation or
compounds that result in capsid disassembly hinder the entry of rcDNA into the
nucleus, which impedes the transformation of rcDNA to cccDNA. The capsid assembly
modulators (CpAMs) could have multiple effects on the HBV life cycle. Interruption of
the assembly of HBcAg dimers into capsids will directly inhibit HBV replication. CpAMs
could also prevent cccDNA formation (through the interruption of capsid disassembly)
and cccDNA replenishment within the nucleus (165).

CpAMs. Finally, CpAMs could also restart the host innate immune response through
the induction of interferon-stimulated gene (ISG) expression (166, 167). In preclinical
studies, CpAMs were found to diminish HBsAg and HBV DNA levels. The initial CpAM
study demonstrated that over 28 days of NVR3-778 dosing was associated with 1- to
2-log reductions in HBV DNA levels, although there was no change in HBsAg levels (166,
167). Studies of CpAMs in combination with pegylated interferon or entecavir are in
progress. Several CpAMs in current preclinical studies show a significantly higher in
vitro potency than NVR3-778 (GS4JHS, AL-034, ARB-423, AT-130, HAP12, HAP_R01,
SBA_R01, JNJ-379, ABI-H0731, ABI-H2158, ABI-Nx). However, polymorphisms in the
pocket region of the capsid significantly reduce susceptibility to CpAMs. Known
signature mutations include T128I and T33N, which confer 20-fold and 80-fold reduc-
tions in susceptibility, respectively. CpAM resistance is likely to be against all agents in
that class. Although the prevalence of these polymorphisms is low (0.03% for both
mutations in untreated patients), they are likely to be rapidly selected by CpAM
monotherapy. The clinical significance will be determined by their fitness. Strains with
these polymorphisms are fully susceptible to oral antiviral therapy, so their selection
would be prevented by combining CpAMs with oral antiviral therapy.

siRNA therapy. siRNA therapy takes advantage of a natural process in which the body
quiets unneeded genes to prevent the translation of unneeded proteins or enzymes.
Researchers can use an intracellular RNA-induced silencing complex (RISC) to quiet any
unneeded host, bacterial, or viral gene using synthetic siRNAs that complement the
invasive viral mRNAs (168, 169). The greatest problem barring therapeutic application of
this methodology has been the type of administration and unneeded effects on other
organs, such as the kidney. siRNA is digested rapidly in the gut, so it is necessary to
administer the therapy parenterally. Infusion reactions can occur with intravenous doses, so
dosing often requires medication with corticosteroids or antihistamines in advance of
treatment. Subcutaneous injections that target the liver can now be administered. These
injections have fewer side effects and require less frequent dosing, which improve patient
tolerance. The host immune system is not activated by the metabolically stable siRNAs, so
the reduction of off-target effects has been achieved through several techniques, including
pairing of siRNA with N-acetylgalactosamine (GalNAc), which enhances liver cell uptake via
the asialoglycoprotein receptor (ASGPR) (168, 169).

As HBV is a compact genome with regional overlaps, a single siRNA can quiet the
transcription of many genes, blocking the production of the core, surface, polymerase,
and X proteins. By directly blocking HBV replication and indirectly facilitating HBV
immunity, the expression of HBsAg and HBeAg (tolerogenic antigens) is reduced.
Arrowhead’s siRNA ARC520 was the initial siRNA to be developed clinically (168, 169).
Different doses of ARC520 lowered HBsAg, HBeAg, HBcAg, and HBV DNA levels in both
primates and CHB patients. However, the lowering of HBsAg occurred more often in
HBeAg-negative chimpanzees and patients than in HBeAg-positive chimpanzees and
patients. This happened because ARC520 targets cccDNA-derived pgRNA, the major
source for HBsAg in young HBeAg-positive patients, and not integrated HBs (the major
source of HBsAg in older HBeAg-negative patients). ARC250 had no effect on HBs
transcriptions in HBV genomes, because the target sequence of ARC520 was upstream
from the core promoter site and next to the site of insertion for integrated HBs
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sequences. To correct this problem, Arrowhead produced a second-generation siRNA
that targets this region, which covers transcripts from both integrated and cccDNA-
derived HBs. This effectively knocks down HBsAg in both HBeAg-positive and HBsAg-
negative patients with chronic hepatitis B (35). Currently, multiple developers, such as
Arrowhead and Alnylam, have active siRNA development programs.

LNA technology. An alternative approach also being actively pursued to silence HBV
transcripts and prevent HBV protein synthesis is the locked nucleic acid (LNA) technol-
ogy, which uses liver-targeted single-strand oligodeoxyribonucleotides complementary
to mRNAs derived from cccDNA. These more recent delivery systems for hepatic
targeting should eliminate the problem of off-target toxicities due to antisense oligo-
nucleotides (170).

CRISPR/Cas9. The goal of siRNAs and core inhibitors is a functional cure, which is
defined as the clearance of HBsAg with sustained suppression when the patient has
discontinued treatment. However, if a patient is immunocompromised, these therapies
do not address the lifelong risk of HBV reactivation in this circumstance. The deacti-
vation or elimination of cccDNA is the only way to decrease this risk (171). Therapy
could be produced via epigenetic modification of cccDNA using demethylation or
deacetylase activation, but this approach is offset by the risk of off-target effects on
host genes. Specific cccDNA cleavage via various nucleases and CRISPR/Cas9 would
seem to be more attainable.

CRISPR/Cas9 occurs within bacteria, in which the Cas9 nuclease combines with a specific
guide RNA (gRNA) that complements plasmid and phage DNA, causing destruction of the
genetic material and ending in the acquisition of immunity to the bacteria. In many human
diseases of heredity, gene editing via CRISPR/Cas9 has been studied. Most recently, through
gene editing of the bone marrow, sickle cell disease was corrected (171). In vitro CRISPR/
Cas9 experiments show deep and rapid reductions in the levels of cccDNA and HBV
proteins encoded by genes carried by hepatitis B virus cccDNA (172). Combining CRISPR/
Cas9 with either gene silencing (siRNA) or another gene editing tool (APOBEC3B) further
enhances the disappearance of cccDNA (173, 174).

However, several challenges need to be overcome before this technology can be
safely applied to patients with CHB. A lack of cross-reactivity with human genetic
material and the ability to specifically deliver the gene editing tool to the hepatocyte
nucleus are required to ensure minimum off-target toxicities to host DNA. The lack of
any standardized test for cccDNA limits the measurement of endpoints (changes in the
levels of cccDNA transcripts and their proteins) (174). If researchers overcome these
barriers, then such gene editing technology has the potential to eradicate cccDNA and
achieve a complete HBV cure, thereby removing any long-term risk of reactivation. This
will necessitate an efficient delivery system with a 100% hit rate. Even one residual
cccDNA minichromosome could result in persistent infection. Finally, cccDNA elimina-
tion will not completely abrogate the lifelong risk of HCC attributed to integration.
Although CRISPR could also be designed to specifically excise integrated HBV se-
quences from human DNA, any subsequent chromosomal translocation would have
disastrous consequences (174).

Summary of new therapeutic targets. The goal of HBV therapy will always remain
complete cure. Functional cure may be attained within the next 5 to 10 years through
the use of newly developed antivirals and immunomodulatory agents that will reduce
the HBV viral load and build the host’s own immune response against disease. Com-
plete cure will require gene editing approaches which are some years away from
human trials. However, safe, well-tolerated, and cost-effective therapies must be the
goal of the new therapies so that HBV elimination can be obtained in low-income
countries that have the greatest HBV burden. To assist in meeting these goals, an
international working group of professionals has come together to help coordinate,
promote, and establish public-private partnerships to expedite the cure of CHB. This
group, the International Coalition to Eliminate Hepatitis B (ICE-HBV), thus far has
developed a global scientific strategy to cure HBV and is actively collaborating on a
number of research protocols to cure HBV (https://ice-hbv.org/about/about-ice-hbv/).

Chronic Hepatitis B and Viral Coinfection Clinical Microbiology Reviews

April 2020 Volume 33 Issue 2 e00046-19 cmr.asm.org 21

https://ice-hbv.org/about/about-ice-hbv/
https://cmr.asm.org


COINFECTION: EPIDEMIOLOGY, DIAGNOSIS, AND MANAGEMENT
Hepatitis D and B Virus Coinfection

Introduction to natural history and epidemiology. Hepatitis D virus (HDV), a
unique liver-tropic human virusoid, is the causative agent of chronic hepatitis D but one
that can survive only in persons infected with HBV (175). HDV is transmitted either at
the same time as HBV or as a superinfection by an established HBV carrier as a result
of it being a defective RNA virus.

The HDV virion contains the hepatitis delta antigen (HDAg) and HDV RNA. The
virion contains a circular single-strand negative-sense genome. The viroid-like self-
complementary genome encodes two varieties of a single protein (large and small),
hepatitis D, or delta, antigen. HDV needs a concomitant HBV infection to organize and
grow within the host, as the HDV complex requires an envelope made of the three HBV
(small, middle, and large HBsAg) proteins during HDV assembly to assemble into an
infectious HDV virion and to enter hepatocytes. HBsAg may also be provided by the
HBsAg protein encoded by defective integrants of HBV (175).

HDV virions attach to cellular heparin sulfate proteoglycans, in which the penetra-
tion of liver cells is regulated by the irreversible attachment of the large HBsAg to the
N-terminal pre-S1 region of the hepatocyte-specific human bile salt transporter sodium
taurocholate cotransporting polypeptide (NTCP), mediating the liver tropism of both
HBV and HDV. Subsequently, HDV RNA moves to the nucleus, where replication occurs
by host DNA-dependent RNA polymerases. Replication via a rolling-circle mechanism
generates multimeric linear transcripts of the genome and antigenome. These are
subsequently cleaved and circularized into the infectious form by the HDV ribozyme.

The antigenomic RNA is edited by adenosine deaminase to catalyze a change in the
small HDV RNA stop codon, thus leading to a 3= elongation of the open reading frame.
The subsequent mRNA produces large HDAg. The extension encompasses a binding
motif for HBsAg through a prenylated location at Cys211 that is acted on by cellular
farnesyltransferase. The identification of the NTCP receptor has enabled the adaptation
of hepatically derived HCC cells that express the receptor, such as HepG2-NTCP and
HuH7-NTCP cells, rendering these lines susceptible to both HBV and HDV (175).

Of the 240 million people with HBV infection, HDV is thought to affect about 15
million to 20 million. There are regional differences in the epidemiology of HDV. High
prevalences have been reported in the Amazon region, central and eastern Africa,
Turkey, Mongolia, Iran, and Pakistan. A prevalence of 25% has been reported in
Romania. Several genotypes have been described: genotype 1 is prevalent worldwide;
in Japan and Taiwan, genotype 2 is the most prevalent; the Amazon Basin harbors
genotype 3; genotype 4 is found in Taiwan and Japan; and genotypes 5 to 8 are found
in Africa. The disease has declined in Italy after universal HBV vaccination. The current
residual reservoir of HDV in European comprises two principal cohorts: aging patients
with advanced liver disease and young immigrants with active chronic hepatitis D from
areas where HDV infection remains endemic. The increased HDV prevalence in the
United Kingdom, France, and Germany reflects the prevalence in young individuals
who have migrated from regions of high prevalence. Rates of 1 to 9% have been
reported from China, and rates of 3 to 8% have been reported in the United States. The
disease is predominantly acquired by horizontal rather than vertical transmission. The
transmission of HDV occurs through the parental route through tainted blood and/or
body fluids. There is some evidence of sexual transmission. Intrafamilial spread can
occur, but perinatal transmission is rare.

Three to 4% of those coinfected contract fulminant hepatitis. The course of HDV
infection is affected by the host immune response to HBV, but HDV with HBV causes a
high rate of chronicity and the most serious and advancing form of chronic hepatitis,
including a high rate of cirrhosis.

Diagnosis and testing. The diagnosis of HDV infection requires testing of HBsAg-
positive individuals for anti-HDV antibodies, and if these are found, the individuals
should be tested for HDV RNA to confirm HDV viremia. Testing for HDV antigen in
serum has poor sensitivity, and liver tissue staining is reserved for use for testing for
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HDV antigen (176). All HBsAg-positive individuals should be tested. Testing rates
remain low in many countries, including in immigrants and intravenous drug users.
Tests for HDV antigen and RNA require standardization.

Treatment. The treatment of chronic HDV infection remains difficult. HDV may
suppress HBV replication but cause progressive disease with a course more severe than
that of HBV monoinfection (177). A new endpoint for the treatment of chronic HDV
infection has recently been proposed: normal ALT levels and a decline of HDV RNA
levels of at least 2 logs at the conclusion of treatment. The sole proven treatment is
PEG-IFN (177, 178). PEG-IFN administration is usually weekly for 12 to 18 months, even
though HDV RNA may be undetectable in serum after 6 months of therapy in nearly
25% of patients (179). HDV is likely to relapse in patients who remain HBsAg positive.
Unfortunately, treatment seldom achieves the endpoint of HBsAg and HDV RNA
clearance. However, HDV RNA loss during the follow-up period, along with fewer
liver-related complications and disease progression, is more frequent in those treated
with IFN. If achieved, the lasting undetectability of HDV RNA is a solid stopping point
for treatment with IFN (180).

A nucleoside analogue, in particular, tenofovir or entecavir, can be administered to
patients with advancing disease and detectable HBV DNA. However, chain terminators
do not directly inhibit HDV RNA replication. There are unconfirmed reports of declines
in HDV RNA levels in HIV-positive patients treated with TDF (181). The combination of
peginterferon and nucleoside analogues has been assessed. Peginterferon and adefovir
for 48 weeks versus peginterferon or adefovir monotherapy was evaluated in the
HIDIT-1 trial. HDV RNA became negative in 51%, 26%, and 0% of patients, respectively
(182). A greater decline in the HBsAg concentration was observed in the combination
arm. However, 56% of the patients relapsed after longer-term follow-up (183). Treat-
ment with tenofovir and PEG-IFN together for 96 weeks offered no incremental benefit
in the HIDIT-2 study (184).

There are a number of novel therapies for HDV infection (185). siRNA-mediated
silencing of HDV RNA intermediates, in particular, mRNA of HDAg, is a theoretical
possibility. Novel therapeutic agents are currently in clinical trials. Lonafarnib is a
tricyclic derivative of carboxamide that prevents the prenylation of HDAg by reining in
farnesyltransferase, which theoretically prevents the assembly and release of the
ribonucleoprotein complex (prenylation is a posttranslational modification whereby
prenyl lipids are added to proteins to render them lipophilic). The drug is administered
orally (186). In an early-phase study in 12 patients, HDV RNA levels declined after
administration of lonafarnib at 200 to 400 mg daily for 28 days. HBsAg concentrations
did not change. Lonafarnib influences cell signaling pathways, and its efficacy may be
limited by dose and tolerability. Dose-dependent reductions in HDV RNA concentra-
tions were reported, but weight loss and gastrointestinal symptoms, including vomit-
ing, occurred. The results may be improved by ritonavir boosting to effect higher
concentrations of the drug in the liver (187). Studies with 25 mg, 50 mg, and 75 mg in
combination with ritonavir and PEG-IFN are ongoing.

Myrcludex B (a 47-mer myristoylated pre-S1 lipopeptide) is a synthesized, acylated
pre-S peptide derivative of the large HBsAg protein and is a subcutaneously adminis-
tered allosteric inhibitor of NTCP. In experimental cells, the peptide irreversibly blocks
the receptor and blocks the transport of bile salts and the entry of HBV. Currently, the
use of myrcludex B in patients with chronic HDV and HBV infection is being explored
(163). Myrcludex B in combination with nucleosides and interferon is being tested in
phase 1 and 2 studies. In an open-label phase 2b multicenter clinical trial, interim
results assessing the safety and efficacy of myrcludex B (bulevirtide) in combination
with tenofovir as therapy for chronic HBV and HDV infection have recently been
reported. Myrcludex led to reductions in HDV RNA levels and improvements to ALT
levels, but after 24 weeks, despite a dose-related suppression of HDV RNA, no change
in HBsAg levels was noted (188). In April 2019, the final results of a multicenter
open-label phase 2 study of myrcludex with PEG-IFN-�2a were reported. Myrcludex
monotherapy (2 mg once daily) led to a continuous HDV RNA decline and ALT reduc-
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tion over 48 weeks. An HDV RNA response (to undetectable levels or a �2-log decline)
was observed in 26.7% of patients at week 72. Myrcludex B and PEG-IFN-� in combi-
nation therapy resulted in HDV RNA becoming undetectable in 12/30 patients (40%) at
week 72. An unexpected result was that for the 15 patients who received the drug
combination of 2 mg myrcludex B plus PEG-IFN-�, HBsAg became undetectable in 4/15
patients (27%), and 3 of these 4 patients experienced HBsAg seroconversion. A long
duration of therapy will be needed to clear HDV RNA, and thus, long-term studies are
being planned (189). The compound inhibits the bile acid transporter function of NTCP
to increase conjugated bile acid levels in treated subjects. These drugs have received
fast track and prime eligibility status by the U.S. FDA after the need to improve the
outlook for HDV infection was recognized.

Phosphorothioated oligonucleotides, such as nucleic acid polymers (NAPS), may
prevent viral entry with heparin sulfate proteoglycans (190). In the duck model, the
compound REP2055 apparently inhibited HBsAg secretion by inhibiting HBsAg assem-
bly and egress (191). In a phase 2 study, the compound NAP 2139-Ca was studied in
patients with HDV infection. Twelve patients were administered REP2139 at 500 mg
intravenously once a week for 15 weeks, then received 250 mg intravenous REP2139
combined with PEG-IFN alfa-2a once a week for another 15 weeks, and then underwent
monotherapy with PEG-IFN weekly for 8 months. By the conclusion of therapy, six
patients had HBsAg levels of less than 50 IU/ml, which were maintained in five patients.
Eleven became HDV RNA negative on treatment; seven remained HDV RNA negative
after the first year of follow-up. Normalization of serum aminotransferase levels oc-
curred in nine patients (192). Reports of longer follow-up add to the data, but further
evidence from controlled trials is required.

Randomized, open-label studies with IFN-� at 120 or 180 �g, administered by
subcutaneous injections every week for 48 weeks, are being conducted in Pakistan,
Israel, and New Zealand. Thirty-three patients have been randomized to receive IFN-�
at 180 �g (n � 14) or 120 �g (n � 19). IFN-� at 180 �g showed antiviral activity com-
parable to that of IFN-�, suppressing HDV RNA by 2.3 log10 units with better tolerability
than historical data for IFN-� (193). An increase in bilirubin levels has been noted with
IFN-�. A study combining IFN-� with lonafarnib is ongoing (194, 195).

Thus, partial efficacy has been reported for these new strategies, which may
complement IFN therapy. Generally, the higher response rates of treatment for chronic
HDV can be found in younger and noncirrhotic patients, though there is a risk of
relapse. The clearance of HDV RNA may not be sufficient, in the absence of the
clearance of HBsAg, as the former does not guarantee that HDV has been eliminated
and does not portend a cure. Integration of HBV may provide a significant proportion
of the HBsAg that allows HDV to persist. Other strategies may be needed, including
quieting of RNAs or other immunomodulatory therapies. The only treatment for those
proceeding to end-stage liver disease, HCC, or fulminant hepatitis caused by coinfec-
tion or superinfection with HDV and HBV is liver transplantation.

Hepatitis B Virus and HIV Coinfection
Epidemiology and natural history. Approximately 8% of HIV-infected persons are

coinfected with HBV. In regions where HBV is highly endemic, such as sub-Saharan
Africa, HBV infections occur during childhood, but HIV infection is usually a sexually
transmitted disease acquired in adulthood (196). It is believed that in sub-Saharan
Africa, there are 2.6 million people living with HIV and HBV coinfections. Both HBV and
HIV can be passed from mother to baby, but infection may also occur via unsafe
injections or inadequate blood safety programs.

HIV coinfection may exacerbate liver disease (197–200). Liver-related deaths occur
3.73 times as frequently among those with hepatitis B as among those without; some
subjects in some regions may have chronic hepatitis D. The added morbidity of
HBV-HIV coinfection may be the result of increased replication, HBV reactivation, a
greater likelihood of the chronicity of HBV, and accelerated progression to fibrosis or
cirrhosis, which carries the risk of hepatocellular carcinoma at an age younger than that
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at which it would have occurred without HBV and HIV infections (201). There may also
be a risk of hepatotoxicity from antiretroviral therapy (ART), particularly in resource-
poor regions. HIV-induced immune deficiency may be aggravated in those with active
HBV replication (202, 203).

Diagnosis. The diagnosis of coinfection requires assessment of risk factors and repeated
testing. HIV-infected patients must undergo a thorough assessment and staging for any
hepatic condition. The scores obtained by noninvasive tests, including the fibrosis 4 index
(FIB-4) and the scores obtained by transient elastography, are useful in this group. All
persons with HIV or HBV infection must be assessed for coinfection (204). Innovations to
expand testing are required. These include innovations suggested by the WHO, which
include strategies to improve the already existing infrastructure to identify high-risk pa-
tients while also providing to limited-resource areas and hard-to-reach populations near-
patient or point-of-care assays for virological markers (nucleic acid testing). These include
different serological and nucleic acid assays with dried blood spot specimens, multiplex and
multidisease platforms to enable testing for multiple analytes/pathogens, as well as po-
tential self-testing for viral hepatitis (205, 206).

Treatment. The first-line therapies used for both HBV and HIV are tenofovir and
emtricitabine. These drugs, together with appropriate ART, are usually recommended
for the treatment of HIV-HBV coinfection. Renal insufficiency may require a modification
of treatment with tenofovir. Entecavir can be added to an appropriately potent
suppressive ART regimen. Drug resistance testing is required where lamivudine has
been utilized (207). Tenofovir alafenamide is an ART that offers effective activity with
less renal or bone toxicity than other therapies (208). Its safety in pregnancy has not yet
been established (209). The effective suppression of both viruses can limit the progres-
sion of hepatic fibrosis (210, 211). Liver transplantation affords the opportunity of
efficacious salvage treatment for those with HBV and HIV coinfection that have pro-
gressed to end-stage hepatic disease. The most effective tool in the prevention of HBV
infection is vaccination; however, the responsiveness to vaccination is lower in HIV-
infected children (212).

Several challenges to the elimination of HBV-HIV coinfection remain, particularly
regarding diagnosis and access to treatment of HBV infection in regions where HIV
treatment is selectively supported. In many regions, pregnant women are routinely
screened for HIV but not HBV (213). Systematic surveillance is required in regions of
endemicity (214). Low-cost generic medications have been crucial in expanding pro-
grams for the treatment of HIV infection, but their use requires extension to the
treatment of HBV infection.

The commonalities between HIV and HBV infection and coinfection lend these
diseases to a common strategic policy for elimination (215, 216). Public awareness to
increase the public’s understanding of HBV infection as well as HIV infection is growing
but is still behind the curve necessary for elimination (217).

Hepatitis B and C Virus Coinfection
Epidemiology. Because of potentially shared modes of transmission, coinfection

with HBV and HCV is common in areas of high endemicity and for individuals with
high-risk behaviors and exposure to parenteral methods of transmission. HBV-HCV
coinfection is not carefully documented throughout the world and may be understated
if occult HBV infection is included (218, 219). The role of each virus in the progression
of liver disease is not fully understood at this point.

There is, however, a considerable burden of coinfection in certain groups; coinfec-
tion is encountered among people living with AIDS (220–222). As the main routes for
the spread of HIV, HBV, and HCV are similar, HBV and HCV infections are prevalent in
cohorts positive for HIV (223). In a pooled prevalence study in India, the prevalence of
coinfection with HBV and HCV ranged from 0.02% to 3.2%, especially among patients
with chronic liver disease, HIV-positive patients, and subjects who injected drugs or had
chronic renal disease (224).

Anti-HBc-positive individuals and several high-risk groups (prisoners, intravenous drug
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users, and people living in regions where HBV is endemic) were reported to have a
heightened prevalence of HCV coinfection (225, 226). The prevalence differs in different
regions and among HIV-positive cohorts. The TREAT Asia HIV Observational Database
(TAHOD), a multicenter cohort of patients with HIV in the Asia-Pacific region, found an
approximately 10% prevalence of HBV and HCV coinfection. Elevated alanine aminotrans-
ferase levels were found in individuals infected with both HBV and HCV. HIV-positive
subjects in Rwanda were very commonly found to be infected with HBV and HCV (227).
Coinfections with HIV-HBV, HIV-HCV, and HIV-HBV-HCV were noted in a reference center in
southern Brazil at rates of 3.10%, 3.10%, and 0.16%, respectively (228).

Viral interference. In the interaction between HCV and HBV, HCV is considered the
more dominant infection, while HBV replication is inhibited, but this is not always the
case. Some studies have shown that HCV is the major cause of active hepatitis in HBV-
and HCV-coinfected patients (229). A U.S. study with matched analysis showed that HBV
is usually the dominant virus in Asians, while HCV is dominant among non-Asians (230).

Past analyses of long-term outcomes confirm that patterns with viral coinfection may
have dynamic profiles over time. Cells with replicating HBV may be infected with HCV,
which is evidence against exclusion in superinfection. Also, replicating HBV does not
interfere with the production of infectious HCV in cells (231). Genotype 1 HCV strains may
have greater inhibitory activity on HBV than genotype 2 HCV strains (232). Chronic inflam-
matory activity is usually driven by HCV in patients with HCV-HBV coinfection, and the HBV
DNA level may be either low or fluctuating. Despite an apparent reciprocal inhibition in
plasma, HBV DNA and HCV RNA can be found to coexist in liver tissue, a condition which
may explain reactivation in coinfected patients (233, 234).

Natural history and comorbidity. Acute hepatitis B and C virus coinfection is
relatively rare; the kinetics of viremia may be affected. Superinfection and coinfection
have been reported and may affect the outcome (235). Coinfection has been observed
in patients with acute liver failure, and there are reports of nosocomial transmission.

Chen et al. reported coexisting acute HBV and HCV infections, showing a simulta-
neous elevation of ALT and bilirubin levels and subsequent continuing HCV infection
with HBsAg clearance (236).

It has been suggested that the disease progression is enhanced in coinfected
patients. Patients coinfected with HBV and HCV tend to have more serious liver injury
and to have a greater likelihood of becoming cirrhotic and developing decompensated
cirrhosis and HCC than monoinfected patients (237). Sagnelli et al. documented liver
biopsy findings in 142 consecutive subjects with viral chronic hepatitis; those coin-
fected with HBV and HCV demonstrated a significantly higher fibrosis score. The 27
patients with detectable HBsAg and anti-HCV, despite having undetectable serum HCV
RNA, showed histological activity indexes and fibrosis scores significantly higher than
those found in the 17 HCV RNA-positive patients (238). Coinfection with any combi-
nation of HBV, HCV, or HDV has similarly been associated with a higher total Scheuer
score, histological portal and lobular inflammation, and fibrosis (239). The level of
regeneration of hepatocytes and the degree of inflammatory cell infiltration were
significantly greater in HBV DNA-positive patients than in HBV DNA-negative patients.

A multivariate cause-specific proportional hazards model in Scotland indicated the
risk of decompensated cirrhosis was increased in those who had previously been
infected by HBV (HBsAg-negative but anti-HBc-positive individuals) (240). Patients
identified with HBV coinfection (positive for HBsAg, HBV DNA, or HBeAg) were identi-
fied by the National Veterans Affairs HCV Clinical Case Registry. Of 99,548 HCV-infected
patients, 1.4% had coinfection with HBV. Patients with HBV coinfection and detectable
HBV DNA had a significantly greater chance of cirrhosis, HCC, and death (36.8, 6.9, and
41.7 per 1,000 person-years, respectively) than those infected only with HCV (17.4, 3.6,
and 31.4 per 1,000 person-years, respectively) (241).

There may be a risk of undetected HBV infection, especially in HIV- and HCV-
coinfected patients, although the clinical impact is uncertain (242). The chance of
developing HCC was found to be greater in HBV DNA-positive patients than in HBV
DNA-negative patients (243). The clinical outcomes of HIV coinfection with HCV and
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HBV may differ (244). In both Chinese and African populations and Western popula-
tions, HBV infection, HCV infection, or HBV-HCV coinfection may significantly increase
the risk of developing HCC (245–249). There are no hard data on the exact way in which
tumors develop, although researchers have posited both direct and indirect roles for
HBV and HCV.

Antiviral treatment of HCV and reactivation of HBV. There have been instances of
HBV reactivation in patients coinfected with HCV and HBV during both interferon-based
and interferon-free DAA therapies, indicating the necessity of close monitoring of HBV
coinfection, including infection that is either chronic, occult, or resolved (250). The
presence of coinfection with HBV does not, however, appear to impact sustained
virological response rates with DAA therapy but may play a role in reactivation (251).
There appears to be a very slight risk of reactivation in anti-HBc-seropositive patients,
which probably does not warrant prophylactic treatment (252).

Several systematic reviews have been conducted. Chen et al. compared the rate of
reactivation of HBV in HCV-infected patients with HBsAg with that in patients with
occult HBV infection (HBsAg-negative and HBV DNA-positive individuals) (253). The
pooled rate of reactivation of HBV reactivation with obvious HBV infection rather than
occult HBV infection was similar among patients who had IFN-based therapy, but
reactivation occurred much earlier in those treated with DAAs. CHC patients with occult
HBV infection had HBV reactivation, but much less frequently (253).

A study of 62,290 hepatitis C virus-infected veterans identified and characterized
HBV reactivation among those who completed DAA treatment. HBV reactivation was
characterized by a �1,000-IU/ml increase in the levels of HBV DNA or HBsAg detected
in a person who was previously negative. Since this was a retrospective study, the
investigators chose only patients who were considered to be at high risk for HBV
reactivation (defined as baseline results for HBV infection showing HBsAg positivity and
anti-HBc positivity prior to DAA initiation) to be evaluated to better control for normal
fluctuations in HBV levels. In total, 9 of the 62,290 veterans demonstrated signs of HBV
reactivation during treatment with DAAs. Eight of the cases occurred in HBsAg-positive
patients (254).

Little is understood about the specific viral characteristics that facilitate reactivation,
as the functional characterization of the reactivated HBV has been conducted only
rarely (255). The U.S. FDA reviewed cases that also suggested that further investigation
would possibly determine triggers for reactivation and refine recommendations for
monitoring but concluded that DAAs continue to be safe and effective therapies for
infection with HCV (256).

In one such study, among 14,695 HCV patients, 10,551 were tested for HBsAg and/or
HBV DNA. One-hundred fifteen (1.1%) had a positive test result, while 3,836 (27.2%) had
received DAA therapy. Only 4.0% of the quarter of the cohort of patients who received
DAA therapy were identified as having a single raised ALT level during the 4 to
52 weeks after the start of therapy; no cases of DAA-associated reactivation were
detected, but in this analysis, posttreatment HBsAg or HBV DNA testing was rarely
performed (257).

A study pooling data from 17 observational investigations involving 1,621 patients
with chronic (n � 242) or resolved (n � 1,379) HCV infection treated with different
DAAs reported a reactivation rate of 24% in patients with chronic hepatitis B (HBsAg
positive) versus a reactivation rate of 1.4% in those who had recovered from HBV
infection (HBsAg-negative, anti-HBc-positive patients). HBV reactivation may also be
more common in HCV-infected patients undergoing DAA therapy than in patients
undergoing IFN-based therapy (258). As a result, nucleoside analogue prophylaxis is
warranted in patients who are HBsAg positive, particularly patients with HBV DNA that
is quantifiable, and persons who have recovered from HBV infection should be moni-
tored (259–262). An updated and comprehensive review by Loomba et al. summarizes
HBV reactivation and nucleoside analogue prophylaxis in other settings of immuno-
suppression for HBsAg-positive patients and indicated that nucleoside analogue pro-
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phylaxis is generally indicated for isolated anti-HBc-positive patients mainly in the
setting of stem cell transplantation or anti-CD20 therapies (263).

The long-term effects of hepatitis coinfection (HBV, HCV, or both) on HIV infection
or deaths from hepatitis require monitoring, but fortunately, coinfection is readily
treatable (264). Anti-HCV-positive individuals should receive vaccinations against hep-
atitis A and B.

CONCLUSIONS

In summary, an effective and safe vaccine is available to prevent HBV transmission.
For those already infected, effective and safe antiviral therapies are also available.
Persons infected with HBV as well as HDV, HCV, and/or HIV have a higher risk for
progression of disease and complications and must have rigorous surveillance and
treatment. Finally, to realize the goal of HBV elimination, improved linkage to care is
needed, at-risk populations need to be vaccinated, infected populations need to be
diagnosed and treated, and curative therapy with a finite treatment duration is needed.
We suggest an algorithm for screening, diagnosis, and linkage to care that starts with
universal screening of persons residing or coming from areas with a prevalence of HBV
infection of 2% or higher; evaluation of infected persons by at least an assessment of
liver enzyme, HBeAg, and HBV DNA levels; and, according to local guidelines and
resources, the administration of antiviral therapies for persons at risk for disease
progression (Fig. 2) (3).
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