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Abstract

Tests to detect the presence and activity of hepatitis B virus (HBV) are the cornerstones of 

diagnosis and management. Assays that detect or measure serum levels of HB surface antigen, HB 

surface antibody, and HB core antibody are used to identify patients with exposure to HBV, 

whereas other tests provide information on the level of virus replication, the presence of specific 

variants, and presence of virus reservoirs. Newer diagnostic tests, used only in research settings so 

far, aim to quantify levels of intrahepatic HBV replication. Other tests have been developed to 

detect HBV infection in resource-limited settings. We review point of care tests (essential in global 

screening efforts), standard diagnostic tests used in routine clinical management, and newer tests 

that might be used in clinical trials of agents designed to cure HBV infection.
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Assays that detect or measure serum levels of HB surface antigen (HBsAg), HB surface 

antibody (anti-HBs), and HB core antibody (anti-HBc) are used to identify patients who 

have been exposed to HBV, whereas other tests provide information on the level of virus 

replication, the presence of specific variants, and presence of virus reservoirs. Tests are 

being developed to quantify levels of intrahepatic HBV replication. These biomarkers are 

used to identify patients with HBV infection, follow disease progression and response to 

therapy, and determine efficacy of new agents in clinical trials.

The goal of HBV treatment is sterilizing cure, defined as a sustained loss of HB surface 

antigen HBsAg from serum, loss of HBV DNA from serum and liver, and loss of closed 

circular DNA (cccDNA) and integration of HBV DNA into genome. This may or may not be 

achievable. A more immediately feasible goal is functional cure, defined as loss of HBsAg, 

with or without loss of anti-HBs. Access to HBV tests varies worldwide; resource-
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constrained areas are less likely to have access to tests that measure virus replication or 

detect variants and have greater reliance on serologic tests. In difficult-to-access populations, 

point of care tests are important and significant advances have been made in the past few 

years.

Point of Care and Dried-blood Spot Tests

An estimated 292 million persons have chronic HBV infection worldwide, but only 10% 

have been diagnosed 1. Acute or chronic HBV infection is established based on detection of 

HBsAg in serum using an enzyme immunoassay (EIA) or chemiluminescence immunoassay. 

However, these laboratory-based immunoassays may not be readily accessible or affordable, 

particularly in resource-constrained countries. Point of care (POC) tests provide an 

alternative means of diagnosis (Figure 1). In some high-income counties, rapid diagnostic 

tests offered at the point of care are needed for populations unable or unwilling to access 

regular medical care, such as injection drug users or homeless or uninsured individuals. 

Ideal rapid diagnostic tests are inexpensive, easy to use, and placed within a closed system to 

avoid cross-contamination. They need a long shelf life for tropical climates and should not 

require cold chain transportation and storage. Currently available POC tests are small 

devices that use blood or saliva to detect or measure of viral antibodies and/or antigens 2. 

The World Health Organization (WHO) has endorsed the use of rapid diagnostic tests for 

diagnosis of chronic HBV infection, 3 but the American Association for the Study of Liver 

Diseases (AASLD) and European Association for the Study of the Liver (EASL) guidelines 

do not. The WHO recommends point of care tests to improve access and linkage to care and 

treatment. Only a few rapid diagnostic tests for HBsAg have met WHO qualification criteria 

(Vikia HBsAg, Biomérieux, France; BIOLINE HBsAg, Standard Diagnostics).

Recent meta-analyses have shown the performance characteristics of rapid diagnostic tests 

for HBsAg, using EIA and nucleic-acid tests as reference standards. An analysis of 30 

studies, in 23,716 individuals from 23 countries, assessed the diagnostic accuracy of 33 

brands of rapid diagnostic tests against a reference standard of enzyme immunoassays. 

These tests identified patients with chronic HBV infection with a pooled sensitivity of 

90.0% and a pooled specificity of 99.5% (ref 4). The accuracy of these tests did not differ 

with use of serum, plasma, or venous or capillary whole blood. The brand of rapid 

diagnostic test associated with accuracy. The presence of HIV coinfection significantly 

reduced sensitivity, to 72%, but the high specificity was preserved 4. False-negative results 

have been linked with low levels of HBsAg, HBV DNA, mutations in HBsAg, and different 

HBV genotypes or subtypes 5. However, newer rapid tests have overcome these limitations 
6, 7. A study from Gambia compared 3 different POC tests (fingerstick and dried blood spot 

[DBS]) with a serum EIA, and found these POC tests to identify patient with chronic HBV 

infection with 89%–94% sensitivity and 95%–100% specificity; almost all false-negative 

results were from inactive carriers with low levels of HBsAg 8. Although lower levels of 

sensitivity may be an acceptable in areas in which access to any testing is limited, the 

application of POC tests requires consideration of benefits (broader access) vs risks (missed 

cases). One study found increased liver stiffness (above 7.2 kPa) in 17% of patients with 

negative results from POC tests for HBsAg, raising concerns about missed cases with 
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significant liver disease 8. Certainly, POC or DBS tests are useful for epidemiology studies 

to define disease burden and effects of vaccination or other interventions.

Capillary DBS tests are cheap and accessible, and unlike rapid diagnostic tests, can measure 

levels of HBsAg and HBV DNA (Figure 1). In a meta-analysis of DBS for detection of 

HBsAg, the DBS identified patients with chronic HBV infection with a weighted sensitivity 

value of 99% and specificity value of 100% (compared to venous blood tests) 9. When DBS 

are used to detect HBV DNA, the amount of blood analyzed affects sensitivity. In a meta-

analysis of DBS (compared to venous blood tests), DBS detected HBV DNA with a pooled 

estimated sensitivity value of 95% and specificity of 99% 10. Additionally, DBS might not 

always detect lower levels of virus—this might not be a major issue, because pati ents with 

low-level viremia are typically not candidates for antiviral therapy. No DBS tests have been 

approved for use by the Food and Drug Administration.

Rapid diagnostic tests for anti-HBs are available but have been less-extensively studied than 

HBsAg tests. These tests detect anti-HBs with 96%–98% specificity but only 60%–70% 

sensitivity; false-negative results are largely related to low titers of anti-HBs 11, 12. Levels of 

sensitivity are above 90% when levels of anti-HBs are greater than 150 U/L12. In resource-

constrained countries, rapid diagnostic tests for HBsAg followed by vaccination could be a 

better approach than additional tests for anti-HBs by rapid diagnostic tests. It would be 

helpful to have rapid tests to measure levels of HB e antigen (HBeAg), to select patients for 

treatment when tests for HBV DNA are not available. This is particularly relevant for 

identification of pregnant women who may benefit from antiviral therapy in the last trimester 

as a means of reducing mother to child transmission of HBV. Limited data indicate the high 

specificity and sensitivity of POC tests for HBeAg. In a study comparing POC tests to EIA, 

as a reference standard, in 942 patients (303 HBeAg positive), the serum POC identified 

patients with chronic HBV infection with 96.4% sensitivity and 99.4% specificity, with 

comparable or higher performance for whole blood samples13. No rapid diagnostic test for 

HBeAg has been approved by the WHO.

Tests Used in Routine Clinical Practice

Tests to detect antigens, antibodies, and viral nucleic acids are used routinely for diagnosis 

and monitoring of HBV infection (Table 1). Progression of chronic HBV infection involves 

interactions between the virus and the immune response. Whether the infection persists for 

months or a lifetime, the serial evaluation of serologic markers, levels of alanine 

aminotransferase (ALT), and HBV DNA guides management.

In each HBsAg-positive person, tests are used to define the phase of infection (Figure 2), 

determine viral coinfections, and stage liver disease severity. Establishing whether a patient 

has advanced fibrosis or cirrhosis is important for surveillance procedures (for liver cancer 

and varices) and strongly influences antiviral treatment recommendations. The EASL and 

AASLD each recommend antiviral therapy for all patients with cirrhosis, regardless of levels 

of HBV DNA and/or ALT 14, 15. For patients without cirrhosis, AASLD and Asian Pacific 

Association for the Study of the Liver treatment guidelines recommend treatment for 

individuals with levels of HBV DNA above 2000 IU/mL, if they are HBeAg-negative, and 
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above 20,000 IU/mL if they are HBeAg-positive and have levels of ALT twice upper limit of 

normal 16, 17. EASL treatment guidelines endorse a lower ALT threshold15. Clearly, accurate 

tools to measure HBV DNA are essential for management.

Tests to measure HBeAg and the antibody against HBeAg define phase of infection, 

determine HBV DNA thresholds for initiation of treatment, and serve as an intermediate 

treatment endpoint for some patients. Tests to quantify the level of HBsAg (qHBsAg) have 

been widely used in Europe, Canada, and Asia but have been available in the United States 

only since 2017. These tests have an increasingly important role in management of patients 

with chronic HBV infection. HBV genotypes and mutations in precore, and basal core 

promoter (BCP) promoters are analyzed in epidemiology and disease progression studies but 

this information is rarely used in diagnosis or management.

HBV DNA quantification

Accurate methods to detect and quantify HBV DNA are essential to diagnose acute and 

chronic infections, guide treatment decisions, assess responses to treatment, and determine 

risk of HBV-related complications. Historically, hybridization assays were used to estimate 

HBV DNA levels in blood samples but their level of sensitivity was suboptimal. 

Amplification-based assays detect HBV DNA with high specificity (99%) and sensitivity 

(≥95%), with limits of quantitation ranging from 10–20 IU/mL (approximately 50–100 virus 

genome copies/mL). The WHO established the first international standard for HBV DNA, 

IU, for calibration of reference reagents used in HBV nucleic acid amplifications techniques. 

The establishment of this international standard allowed comparison of HBV DNA among 

different laboratories and assays. There are 3 FDA-approved assays for HBV DNA 

quantification (Supplemental Table 1). The high cost and need for specialized equipment 

limit accessibility of these assays in resource-limited settings.

The sensitivity of transcription-mediated and real-time PCR-based quantitative assays for 

HBV DNA obviates the need for qualitative HBV DNA tests. During acute HBV infection, 

HBV DNA is the only marker of infection during the window-phase of the infection. 

Detection of window-phase infections is most relevant to tests for blood and organ donors; 

use of sensitive nucleic acid tests reduces time to detection of HBV infection after exposure 

from an average of approximately 32 days (HBsAg detected) to 15 days (HBV DNA 

detected) 18, 19. A second window for testing can occur after HBsAg clearance and before 

anti-HBs is measurable—in this period, anti-HBc is the marker of HBV infection, but HBV 

DNA can be measured to determine infectivity. Additionally, HBV DNA tests can confirm 

viremia in patients with chronic infection but with HBsAg mutations that are not detected. 

The frequency of such HBsAg mutants in the general population is unknown. Next-

generation HBsAg tests, which include monoclonal and polyclonal antibodies directed 

against epitopes within and outside the a determinant of HBsAg, have increased capacity to 

detect these HBsAg mutants (such as the Elecsys HBsAg II assay; Roche Diagnostics) 20.

HBV DNA tests are important for management of patients with chronic HBV infection 

(Supplemental Table 2) 14–16. Serial monitoring of levels of HBV DNA and ALT is used to 

determine the need for and response to anti-HBV therapy. Recommended minimum 

thresholds of HBV DNA for which initiation of antiviral therapy is recommended in patients 
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with increased levels of ALT are 2000 IU/mL or more for HBeAg-negative patients and 

20,000 IU/mL or more for HBeAg-positive patients 14–16. The goal of therapy is to achieve 

undetectable HBV DNA level with a sensitive PCR assay. Serial monitoring of HBV DNA is 

used to detect the emergence of viral resistance and medication adherence 21.

Measurement of HBsAg

HBsAg originates from the episomal mini-chromosome (cccDNA) and is translated from 

pre-S1 and S2 mRNAs that are transcribed from the S gene. An additional source of HBsAg 

comes from randomly integrated locations in the host genome. The contributions of HBsAg 

from cccDNA and integrated sources can differ among individuals (Figure 3). For example, 

the correlation between level of HBsAg and serum level of HBV DNA, intrahepatic 

cccDNA, and total HBV DNA was found to be high in HBeAg-positive patients (r = 0.69, 

0.71, 0.76). Among HBeAg-negative individuals, there was low correlation between level of 

HBsAg with HBV DNA (r = 0.28) and no correlation between level of intrahepatic cccDNA 

and total HBV DNA, possibly due to increasing integration of HBV with longer duration of 

infection22. HBsAg exists as 3 protein subtypes (small, middle, and large) that are not 

currently differentiated by commercial assays. Additionally, there are 2 non-infectious 

subviral particles secreted, in spherical and filamentous forms, with 100-fold to 100,000-fold 

higher levels than mature virions. The production of HBsAg from these subviral particles 

and integrated HBV DNA within the host genome have been proposed to contribute to 

HBV’s capacity to evade immune surveillance23.

Commercially available assays for HBsAg include Architect HBsAg QT (Abbott 

Diagnostics), Elecsys II (Roche Diagnostics), and Liaison XL Murex HBsAg quant 

(DiaSorin)—all have lower limits of detection of 0.05 IU/mL (upper limit above 50,000 

IU/mL with dilution). There is a high level of agreement between results from the Architect 

HBsAg QT and Elecsys II assays24. Additionally, a linearized HBsAg assay is being tested, 

with increased sensitivity at lower limits of detection (0.005 IU/mL) 25. New monoclonal 

antibody tests to quantify HBsAg protein composition have identified different patterns of 

proteins with phase of disease—lower proportions of large and middle protein subtypes are 

detected in inactive carriers compared to patients with acute or chronic HBV infections 26.

Measurement of qHBsAg and disease progression

Levels of HBsAg differ with phase of infection as well as genotype. The highest levels 

(above 4 log10 IU/mL) are seen in the immune-tolerant (non-inflammatory, high replication) 

phase and lowest in inactive carriers (approximately 2 log10 IU/mL). Within the same phase, 

levels of HBsAg are higher in patients with HBV genotype A infection than other 

genotypes, and lower if pre-S escape mutants are dominant 27. Although level of HBsAg is 

not associated with likelihood of HBeAg seroconversion, its greatest utility may lie in its 

ability to differentiate patients with HBeAg-negative, immune-active hepatitis from inactive 

carriers among indeterminate or grey zone patients—a frequently encountered group in cli 

nical practice 28. Baseline level of HBsAg below 1000 IU/mL with levels of HBV DNA 

below 2000 IU/mL identifies patients with inactive chronic HBV genotype D infection with 

a 90% PPV 29. When these cut-off values were applied to patients with HBV genotype B or 

C patients infection in the HBV-REVEAL community-based cohort, they identified inactive 
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carriers with a PPV of 83% 30. In patients with inactive chronic HBV infection, levels of 

HBsAg below 100 IU/mL have been associated with and incorporated into simple scoring 

systems to predict spontaneous loss of HBsAg 31. A more prominent decrease in qHBsAg 

(such as a reduction of 1 log IU/mL or more) in patients with inactive chronic HBV 

infection heralds spontaneous HBsAg loss 29. Therefore, baseline, and possibly longitudinal, 

measurement of HBsAg, in conjunction with measurement of HBV DNA and ALT, might be 

used to identify patients with HBeAg-negative infection (Table 1). Under EASL guidelines, 

follow-up intervals for HBeAg-negative patients with HBV DNA levels below 2000 IU/mL 

differ based on qHBsAg, with yearly measurements of ALT and HBV DNA and assessment 

of fibrosis every 3 years, if baseline levels of HBsAg are below 1000 IU/mL vs every 6 

months and every 2 years if levels of HBsAg are above 1000 IU/mL 15. The AASLD does 

not incorporate quantification of HBsAg in management algorithms 17.

Levels of HBsAg have been used to predict vertical transmission; in resource-constrained 

settings where HBV DNA testing is complex and costly, this may be particularly useful. 

Level of HBsAg above 4.1 log10 IU/mL identified mothers who had transmitted the virus to 

their newborn with 100% sensitivity and 71% specificity 32. Quantification of HBsAg has 

also been added to prediction rules for incident HCC. In a study of HBeAg-negative 

individuals with low viral load, the risk of HCC was 14-fold higher when levels of HBsAg 

were above 1000 vs below 1000 IU/mL 33. Studies are needed to replicate these findings 

larger and more diverse cohorts.

Measurement of qHBsAg and treatment

Levels of HBsAg decrease slowly in patients receiving nucleos(t)ide analogue (NA) 

treatment, compared to levels of HBV DNA 34. Although baseline qHBsAg and rapid 

decrease in qHBsAg have been linked to likelihood of HBeAg seroconversion and virus 

suppression in HBeAg-positive patients receiving NAs, no correlation was observed in 

HBeAg-negative patients 35. In addition, the lower the level of HBsAg, the greater the 

likelihood for HBsAg loss, although HBsAg loss occurs in only 1%–2% of patients 

receiving treatment per year, regardless of NA type 36. A decrease in qHBsAg of 1 log 

IU/mL or more at week 24 of treatment is associated with loss of HBsAg in HBeAg-positive 

patients receiving NA treatment 37, 38. The role of clinical monitoring of HBsAg levels in 

patients receiving NA therapy is evolving, with a potential use in identifying individuals 

with low levels of HBsAg (below 100 IU/mL), who may be candidates for treatment 

discontinuation39.

In contrast, qHBsAg can be a valuable tool in management of patients receiving 

peginterferon therapy 40. Peginterferon can induce a strong decrease in level of HBsAg, 

attributed to immune-modulatory mechanisms, with the most- and least-striking decreases 

seen in patients with HBV genotypes A or D, respectively. In patients with HBV and HIV 

co-infection, decreases in qHBsAg on antiviral therapy are associated with increasing 

numbers of CD4+ T cells, indicating that immune control is necessary for HBsAg clearance 
41.

Given the toxicities and side effects of peginterferon, early identification of non-responders 

is important. In HBeAg-positive patients with genotype B or C HBV infection, a level of 
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HBsAg below 1500 IU/mL at week 12 of peginterferon treatment was associated with 

subsequent HBeAg seroconversion in 57% of patients and HBsAg loss in 18%. Conversely, 

no patient with HBV genotype B or C infection with level of HBsAg above 20,000 IU/mL at 

weeks 12 and 24 achieved a response to treatment (negative predictive value, 100%), defined 

as HBeAg-seroconversion and HBV DNA level below 2000 IU/mL after 6 months and 3 

years of follow up 42. In patients with HBV genotype D, a less than 2 log decrease in level 

of HBsAg at 12 weeks identified patients without a response to therapy with a negative 

predictive value of 100%. Among HBV genotypes, level of HBsAg below 1500 IU/mL at 

weeks 12 and 24 was associated with higher rates of response to treatment. Based on these 

data, genotype-specific stopping rules for treatment have been proposed 15. Specifically, in 

HBeAg-positive patients, levels of HBsAg above 20,000 IU/mL in patients with HBV 

genotypes B or C, or no decrease in HBsAg in patients with HBV genotypes A or D at 12 

weeks, are indications to stop therapy (Table 1). In HBeAg-negative patients with genotype 

D HBV infection, those without any decrease in level of HBsAg by week 12 and at least a 2-

log10 decrease in HBV DNA at 12 weeks, are recommended to stop treatment—this profile 

identifies patients who do not respond to therapy with a 100% negative predictive value 43. 

Fewer HBeAg-negative patients who do not have HBV genotype D infections have been 

studied and no stopping rules have been endorsed.

It would be ideal to identify patients who will maintain or attain inactive status or develop 

HBsAg loss if they discontinue long-term NA therapy. A trial from Greece initially found 

that a lower level of HBsAg prior to NA withdrawal increased the odds of subsequent 

HBsAg loss (median 1733 IU/mL vs 4905 IU/mL in patients with vs without loss, 

respectively) 44. A meta-analysis of mostly retrospective studies of patients who stopped NA 

therapy found that a level of HBsAg below 100–200 IU/mL prior to withdrawal indicated a 

high chance of sustained response as well as HBsAg loss in HBeAg-negative individuals 

who had at least 2 years of consolidation therapy 45. Conversely, higher end of treatment 

level of HBsAg was an independent factor for relapse (HBV DNA level above 200–1000 

IU/mL) 46–49, although studies vary in definitions of relapse 50. Ongoing prospective studies 

will be helpful in validating these cut-offs. Changes in qHBsAg are increaingly included as 

primary or secondary endpoints of studies of new anti-viral agents. For example, among 

patients given ARB-1467 (a small interfering RNA), 71% achieved qHBsAg below 50 

IU/mL, although none had HBsAg loss 51. .

HBV Genotypes

Phylogenetic analyses have parsed 10 distinct HBV genotypes (A–J) with genetic 

divergence of more than 8% and more than 30 subtypes with divergence greater than 4%. 

These genotype and subtypes have specific geographic patterns (Supplemental Figure 1), 

routes of transmission, and progression52. Outcomes have been mainly compared between 

genotypes B and C, in Asia, and a few studies have compared genotypes A and D in Europe 

and India. Individuals with HBV genotype C infection are more often HBeAg-positive and, 

based on analysis of an Alaskan cohort, have a 2-decade delay in HBeAg seroconversion 

compared to persons with HBV genotypes A, B, D, or F 53. HBeAg seroconversion and the 

inactive carrier state are associated with better outcomes, so higher proportions of patients 

with HBV genotype C infection, who have longer periods of intermittent active 
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inflammation, develop cirrhosis. Patients with HBV genotype C are also at higher risk of 

HCC compared to patients with HBV genotypes A, B or D, based on a large meta-analysis 

of observational studies 54. Patients with HBV genotype B are more likely to develop HCC 

without cirrhosis at a younger age (less than 35 years) 55. No difference has been observed 

in HCC incidence between patients with HBV genotypes A vs D. However, there may be a 

higher incidence of HCC in patients with HBV genotype A1 (Africa) compared to HBV 

genotype A2 (US/Europe). Higher rates of spontaneous loss of HBsAg have been reported in 

patients with HBV genotype A or B56, 57.

The AASLD and EASL recommend routine testing of HBV genotype only if peginterferon 

therapy is being considered 15, 17; the value of selecting patients for peginterferon based on 

HBV genotype has been increasingly recognized 58. Available data from clinical trials 

indicated higher odds of HBeAg seroconversion in HBeAg-positive patients infected with 

HBV genotypes A or B, and loss of HBsAg in patients infected with HBV genotypes C or D

—these f indings should be considered in selecting candidates for peginterferon therapy 17. 

The highest probability of sustained response (HBeAg loss and HBV DNA below 2000 

IU/ml at 6 months) was observed in patients with genotype A infection and high baseline 

levels of ALT or low levels of HBV DNA. Patients with HBV genotype D infection have the 

lowest odds of sustained response, regardless of level of ALT or HBV DNA 59. Among 

HBeAg-negative patients, those with HBV genotypes B or C have better odds of ALT 

normalization and reduction of HBV DNA to below 2000 IU/mL than those with HBV 

genotype D 60. Genotype-specific stopping rules, based on levels of HBsAg at 12 and 24 

weeks of treatment, are recommended by EASL 15. Notably, stopping rules for HBeAg-

negative patients exist only for patients with HBV genotype D—there are few reliable data 

on other genotypes. Data on treatment response is also sparse for patients with HBV 

genotypes E–J or mixed-genotype infections.

HBV genotype does not impact patient selection for NA treatment 58 or monitoring 

intervals. A meta-analysis of genotype effect on response (HBeAg seroconversion in 

HBeAg-positive and undetectable HBV DNA in HBeAg-negative) to all NA therapies 

(including entecavir and tenofovir) showed no significant difference 61. In addition, drug 

resistance, reductions in HBV DNA, and ALT normalization were similar across all studied 

genotypes 62. Genotype may, however, influence likelihood of on-treatment HBsAg loss. 

Among tenofovir-treated HBeAg positive patients with HBsAg loss, 61% were genotype A 

and 30% genotype D, as compared to 4% and 0% with genotypes B and C, respectively 38.

HBeAg and precore or basal core mutations

The HBV core gene encodes HBeAg, which is secreted from infected hepatocytes and is a 

marker of active virus replication. HBeAg and antibody against it (anti-HBe) are measured 

by immunoassays. HBeAg is detected 6–12 weeks after exposure to HBV and indicates high 

level of HBV DNA and high infectivity. Seroconversion from HBeAg to anti-HBe is an 

important hallmark of disease progression, and is typically associated with a transition to an 

inactive infection, with a low level HBV DNA. However, acquisition of precore and/or basal 

core promoter (BCP) mutations can prevent or reduce HBeAg production, leading to an 

HBeAg-negative phenotype of patients with high levels of HBV DNA and ALT (Figure 2).
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The precore mutation G1896A (at codon 28) inhibits translation by causing a frameshift and 

insertion of a premature stop codon (Supplemental Figure 2A). Mutations in BCP at nt 

1742–1849 prevent transcription of precore mRNA, resulting in defective synthesis of 

HBeAg (Supplemental Figure 2B). The A1762T and G1746A mutations in BCP are 

frequently detected together and prevent HBeAg production. Mutations in BCP are detected 

alone or in conjunction with mutations in the precore protein. The G1896 mutations is rarely 

detected in HBV genotypes A or H, or subgenotypes C1, F2, or F3 because this change 

would impair Watson-Crick base pairing within the epsilon structure and thereby 

compromise encapsidation of pregenomic RNA (pgRNA).

Precore and BCP mutations and effects on disease progression and treatment

Tests to detect precore or BCP mutations are not recommended for routine clinical care but 

many studies have examined associations with responses to treatment (such as peginterferon 

and NAs), HBeAg and HBsAg seroclearance, and risk of fibrosis progression and HCC. The 

prevalence of precore or BCP mutations increases with duration of chronic infection and 

age, and most notably in association with HBeAg seroconversion 63. In all cases, increases 

in percentages of mutations are preceded or accompanied by increases in serum levels of 

ALT63. A longitudinal study with a mean follow-up time of 14 years found that children 

with spontaneous or treatment-induced HBeAg seroconversion who subsequently developed 

HBeAg-negative chronic HBV infections (high viremia, increased level of ALT), underwent 

seroconversion at older ages and more frequently had BCP mutations 64. These studies 

indicated a correlation between acquisition of BCP or precore mutations and risk of HBeAg-

negative HBV infection. A double mutation in BCP (A1762T and G1764A) has been 

associated with advanced liver disease and HCC 65, 66. In adults with HBV genotype C 

infection, this double mutation was associated with a 3.5-fold higher risk of HCC compared 

to infected adults without the mutation 65. These mutations are believed to cause 

upregulation of pregenomic RNA (higher virus levels) and/or the overlap with the HBx 

protein-encoding region, which has oncogenic properties. Mutations in the precore region 

alone have been less consistently linked with increased risk of HCC 65, 67.

In HBeAg-positive positive patients with HBV genotypes B or C treated with interferon, 

higher numbers of precore and BCP mutations at baseline are associated with HBeAg 

seroconversion and HBV DNA below 2000 IU/mL at 6 months after treatment48, 49. In 

contrast, in patients with HBV genotypes A or D infections, the presence of precore and 

BCP mutants (vs only wild type virus) before peginterferon therapy had lower rates of 

sustained response 48. In treatment studies that used loss of HBsAg as endpoint, a higher 

prevalence of BCP and precore mutations was associated with lower likelihood of loss 

among tenofovir-treated patients with HBV genotypes A or D 68, but not among patients 

treated with antiviral agents for HBV genotype B or C infection 69. Interpretation of study 

results therefore requires attention to the methods they used to quantify precore and BCP 

variants, as well as HBV genotypes and length of follow up (risk period for outcomes of 

interest).
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New Diagnostic Tests

It is important to discover new biomarkers that can be used to monitor response to therapy 

(with NAs and peginterferon) and test the efficacy of therapeutic agents in development 

(Table 2).

cccDNA

Intrahepatic cccDNA is the transcriptional template for HBV70. The existence of cccDNA 

allows for reactivation of HBV in persons who are negative for HBsAg but positive for anti-

HBc who receive immune suppressive medications; cccDNA is also the reason for frequent 

relapse after withdrawal of long-term NA therapy 71, 72. HBV cccDNA is maintained within 

the nucleus of infected cells, and eradication is required to permanently cure infection, 

which this is not achievable with current therapeutics. Agents to target cccDNA or disrupt its 

formation are therefore in development 73. Barriers to measurement of cccDNA, as a 

biomarker for viral replication and a therapeutic endpoint include the need for liver biopsy 

collection and analysis and lack of standardized methods for quantification, such as PCR or 

in situ hybridization 74. The standard for quantification of cccDNA detection, Southern blot 

analysis, does not always detect low levels and is too complex and time-consuming for 

routine use.

HBV cccDNA can be detected at low levels in patients with occult HBV infection (lack of 

detectable HBsAg in serum), including core-positive donor livers and HBsAg-negative HCC 

tumor cells 70. During chronic HBV infection, levels of cccDNA correlate with intrahepatic 

and circulating levels of HBV DNA. The highest levels of cccDNA are observed in HBeAg-

positive individuals, followed by HBeAg-negative patients with immune-active chronic 

HBV infection, inactive carriers, and last, patients with loss of HBsAg 75. In cross-sectional 

studies, lower levels of cccDNA were associated with inactive chronic HBV infection, 

HBsAg loss, and lower levels of inflammation (detected by histology) and ALT. However 

there have been no prospective studies of the relationship between cccDNA levels and 

changes in phases or outcomes of chronic HBV infection. A lower ratio of cccDNA to 

intrahepatic HBV DNA was associated with more severe fibrosis (determined by histology 

and survival of patients with HCC who underwent hepatectomy. So, relative proportions of 

intracellular DNA associate with disease progression 76.

There have been few studies of the kinetics of cccDNA in patients receiving treatment, due 

to challenges in accurate quantification. NA therapy has no direct effect on cccDNA, 

because reverse transcription is downstream step of HBV replication. However, a reduction 

of about 1 log10 during 1 year of therapy has been reported, likely mediated by insufficient 

recycling of nucleocapsids to the nucleus with inhibition of cytoplasmic DNA synthesis 70. 

Studies peginterferon combination therapies reported greater decreases in cccDNA (1.4–2.4 

log10) 71. This could result from a decrease in transcription, via epigenetic regulation and 

nonhepatotoxic degradation of the cccDNA pool 77. In either case, incomplete elimination of 

cccDNA invariably leads to relapse in most patients who stop therapy. In patients with 

chronic HBV infection who received liver transplants, undetectable intrahepatic cccDNA has 

been associated with success in weaning from HBV prophylaxis 78.
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As we look to the future, cccDNA is unlikely to be routine biomarker because liver biopsies 

are required for its analysis. Researchers reported detection of cccDNA in the serum, 

presumed from lysed hepatocytes79, but these findings must be validated. Levels of HBV 

RNA and HBcrAg correlate with level of cccDNA and might be used as markers.

Measurement of serum HBV RNA

HBV pgRNA and total RNA (such as from variants with defects in RNA splicing) are in 

virions, released into the hepatocyte cytoplasm, and can be detected in serum 80, 81. Serum 

pgRNA is constitutively transcribed from cccDNA, so levels of serum RNA can indicate the 

presence of cccDNA virus transcriptional activity 82. Application of rapid amplification of 

cDNA ends (RACE) to HBV research, 83 along with real-time PCR 84, has allowed HBV 

RNA to be used as a biomarker. A commercial high through-put HBV RNA test was 

recently developed (Abbott m2000 RNA Research Use Only (RUO) assay, LLOD 45 U/L, 

where 1 U HBV RNA = 1 IU HBV DNA); it detects HBV RNA with greater sensitivity than 

RACE analysis 84.

Levels of HBV RNA correlate with levels of HBV DNA and associate with serum levels of 

HBsAg and ALT, HBV genotype, and presence of basal core promotor mutations in 

untreated patients 85. HBV RNA levels vary with phase of infection—they are highest in the 

immune-tolerant phase and lowest in patients with inactive HBV infection 86. In patients 

receiving treatment with NAs, levels of HBV RNA are higher than levels of HBV DNA 87. 

In HBeAg-negative patients off treatment with peginterferon and adefovir, lower baseline 

serum levels of RNA were associated with maintained response (normal level of ALT and 

HBV DNA below 2000 IU/mL) 87. HBeAg-positive patients with significant reductions in 

serum levels of HBV RNA while receiving NA therapy were more likely to achieve HBeAg 

seroconversion 84. In a cross-sectional study of 47 patients with reductions in HBV DNA 

while receiving entecavir treatment, serum HBV RNA was detected in 35/47 (74.4%), with 

levels ranging from 2.3–4.8 log10 copies/mL; levels correlated with intrahepatic HBV RNA 

and cccDNA as well as liver histologic scores 80. Large scale studies are required to 

determine whether measurement of HBV RNA in serum can be used to assess intrahepatic 

HBV cccDNA activity, because levels vary with peginterferon and NA therapies87 and with 

HBeAg status 88.

Overall, serum levels of HBV RNA indicate cccDNA transcriptional activity and reservoir 

size. This biomarker (in combination with HBV DNA and level of HBsAg) might be used to 

monitor response to treatment in patients receiving NA therapy. It might also be used 

identify patients that can safely discontinue NA and/or achieve HBsAg loss (a functional 

cure). Serial assessment of intrahepatic HBV cccDNA is not feasible, so measurement of 

HBV RNA along with assays for viral activity could be used to determine cccDNA activity

—especially with therapies in development that aim for sterilizing and/or functional cure.

Measurement of HBcrAg

HBcrAg has been proposed to be a marker of intrahepatic HBV cccDNA and its 

transcription. A chemiluminescence enzyme immunoassay (Lumipulse G HBcrAg, 

Fujirebio, Gent, Belgium) is available that measures a combination of HBcrAg, HBeAg, and 

Coffin et al. Page 11

Gastroenterology. Author manuscript; available in PMC 2020 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



the 22 kDa truncated precore protein in serum samples 89. In a retrospective study of 118 

HBeAg-positive adults (genotypes A–G) treated with NAs, combined levels of HBsAg and 

HBcrAg had the greatest predictive value for HBeAg seroconversion at 12 months; the cut-

offs for HBsAg 3.8 log10 IU/mL and HBcrAg 5.5 log10 U/mL identified patients with 

HBeAg seroconversion with a negative predictive value of 86.1% and an area under the 

curve of 0.807 90. In a study of 121 Thai patients with HBeAg-negative chronic HBV 

infection treated with peginterferon alone or in combination with entecavir, baseline level of 

HBcrAg correlated with HBV DNA and cccDNA but not HBsAg 91. At week 12, a decrease 

of less than 0.5 log10 in levels of HBsAg, HBcrAg, or both antigens combined identified 

patients with off-treatment virologic remission with negative predictive values of 90%, 82%, 

and 96%, respectively. A systematic review of published studies proposed HBcrAg as 

biomarker to identify patients most likely to undergo HBeAg seroconversion, determine the 

phase of HBV infection, determine risks of HCC and liver disease progression, and identify 

patients who can safely discontinue NA therapy and /or achieve HBsAg loss92. HBcrAg can 

be detected even in HBsAg-negative patients and appears to be a reliable marker of 

intrahepatic cccDNA, so assays to measure it in serum might be used in development of 

therapeutic agents that target cccDNA and to achieve a sterilizing cure. Quantification of 

HBcrAg alone or in combination with measurement of HBsAg and HBV RNA might be 

used to monitor response to current therapies and evaluate therapeutic agents in 

development.

Measurement of HBeAg

HBeAg is measured in an immunoassay, although commercial quantitative tests for HBeAg 

are not available. There have been studies of the association between levels of HBeAg and 

HBeAg seroconversion in patients with chronic HBV infection. In a retrospective study of 

76 HBeAg-positive patients who received 96 weeks of NA therapy (lamivudine and 

adefovir), baseline level of HBeAg and decreases at 24-weeks were independently 

associated with HBeAg seroconversion (area under the curve values of 0.828 and 0.814, 

respectively) 93. In a study of treatment of patients with HBV and HIV co-infection, 

decreased levels of HBeAg of 0.5 log10 at week 12 and 1.0 log10 at week 24 were associated 

with seroconversion to anti-HBe seroconversion and loss of HBsAg 94. Other studies have 

sought to determine if measurement of HBeAg could be an alternative to quantification of 

HBV DNA, which is a challenge in some regions. In a study of 82 patients in Malaysia, 

levels of HBeAg correlated with HBV DNA levels above 300 IU/mL (r = 0.893) whereas 

levels of HBsAg did not 95. In a large community-based study of 788 HBeAg-positive 

subjects in China with normal levels of ALT, levels of HBeAg correlated with HBV DNA 

levels, particularly at high HBV DNA levels 96.

In 2013, the WHO proposed the 1st International Standard for HBeAg with an assigned unit 

of 100 IU/mL 97. Heterogeneity among immunoassays used and reference standards make it 

difficult to compare findings among studies—an issu e that could be improved by 

standardization. There are limited data published on the role for quantification of HBeAg, 

although similar to other serum markers, levels might be used to follow disease progression, 

predict HBeAg seroconversion, and determine response to approved and novel anti-HBV 

therapies.
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Measurement of anti-HBc

Anti-HBc is a marker of HBV core antigen-specific immune activity. A sandwich-based 

ELISA assay is commercially available in China for quantification of anti-HBc (Beijing 

Wantai Biological Pharmacy Beijing, China)98. Higher levels of anti-HBc might indicate a 

strong immune response against HBV and therefore be used to identify patients most likely 

to respond to anti-HBV therapies 98. Levels of anti-HBc in serum parallel levels of ALT and 

hepatic inflammation in patients with HBeAg-positive and HBeAg-negative active HBV 

infection 99,100. In a study of 397 patients in the REVEAL-HBV cohort, followed for 6.8 

years, baseline level of anti-HBc were independently associated with HBeAg seroclearance 

in untreated individuals, although no association was found with HBcrAg101. The authors 

concluded that measurements of anti-HBc might be used to determine patient risk and 

identify patients most likely to undergo spontaneous HBeAg seroconversion.

Several studies have investigated whether baseline measurements of anti-HBc can identify 

patients who respond to NA and peginterferon treatment. Peginterferon-treated patients who 

underwent seroconversion to HBeAg and anti-HBe after the end of treatment or during a 

follow-up period had significantly higher levels of anti-HBc at baseline 98. Further, level of 

anti-HBc at baseline (4.4–4.5 log10 IU/mL or more) was the best independent predictor of 

HBeAg seroconversion following either peginterferon or NA treatment, compared to level of 

ALT or HBV DNA 98, 102. In a study of 100 patients (71% HBeAg-positive at start of NA 

therapy) followed for 4 years after NA discontinuation, higher level of anti-HBc at the time 

of NA discontinuation was associated with a reduced risk of relapse (defined as HBV DNA 

above 2000 IU/mL and level of ALT more than 2-fold the upper limit of normal). Among 

patients who had stopped taking NAs for 4 years, 85% of those with levels of anti-HBc 

below 100 IU/mL had a relapse compared to 21% of patients with levels of anti-HBc above 

1000 IU/mL 103. Level of anti-HBc might therefore be a marker of an antiviral immune 

response that can be used to identify patients most likely to respond to therapy (independent 

of HBV genotype and unlike level of HBsAg) 98. Anti-HBc also has a longer half-life in 

serum than ALT.

Future Directions

Tests to measure biomarkers such as HBsAg, HBeAg, and HBV DNA are used in 

management of patients with chronic HBV infection, as specified in association guidelines. 

Markers of virus activity have been identified—following these could increase our 

understanding HBV pathogenesis and patient disease progression and response to treatment. 

With many new therapies for HBV infection in development, new diagnostic tools are 

needed to measure response and establish cure. Tests to detect and measure cccDNA, HBV 

RNA, anti-HBc, and HBcrAg are in development, but methods to quantify virus activity and 

anti-HBV immune response, and to identify genetic variants, are needed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Point of Care Tests
POC tests are important for populations unable or unwilling to access regular medical care, 

such as among injection drug users, homeless, or the uninsured. POC tests use either 

fingersticks or dried blood spots. They are easy to use and inexpensive. Fingerstick POC 

tests provide immediate results whereas dry blood spots must be mailed for central testing.
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Figure 2. Phases of Chronic HBV Infection
Tests recommended for persons with chronic HBV infection include detection and 

quantification (q) of HBsAg, HBV DNA, HBeAg, and ALT, which indicate changes of the 

course of chronic HBV infection. There are 5 phase of infection: immune tolerance (also 

referred to as high-replicative, non-inflammatory phase), HBeAg-positive and HBeAg-

negative chronic infection, inactive chronic infection (inactive carrier), and resolved chronic 

infection (functional cure). Transitions between phases are not unidirectional. Patients can 

revert back to an earlier phase or move back and forth between 2 phases over the course of 

their chronic infection.
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Figure 3. New Serum Markers of HBV
HBV cccDNA is the template for all known HBV RNA transcripts. These include (i) HBV 

full-length pregenomic RNA, which is eventually packaged to form progeny virions, (ii) 

shorter subgenomic RNAs, which are translated into HBsAg, and (iii) pre-core RNA, which 

encodes the secreted HBeAg and HBcrAg. HBsAg can also originate from noninfectious 

integrated viral DNA.
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Table 1.

Tests Used in Management of Patients with HBV Infection

Diagnostic Test Clinical Interpretation Typical Scenarios for its Use

HBsAg Marker of acute and chronic
HBV infection

Initial presentation;
Annually in patients with inactive
infection;
Concern for sero-reversion (in immune-
suppressed patients)

Quantification
of HBsAg

Aids in defining phase of
infection, identifying patients
most likely to respond to
interferon, and determining
likelihood of HBV
reactivation

Aids in distinguishing patients with
HBeAg-negative chronic HBV infection
from inactive carriers;
Prediction of mother to child transmission
Determine frequency of measurement of
ALT and elastography tests for patients
with inactive infections;
To identify patients for withdrawal of NA
therapy;
To identify patients unlikely to respond to
continue peginterferon therapy

Anti-HBs Marker of immunity (natural
or with vaccination)

Upon presentation and when HBsAg loss
has been documented

Anti-HBc Marker of HBV exposure Initial presentation

HBeAg Associated with high levels
of HBV DNA, marker of
infectivity

Initial presentation
Every 6 months in HBeAg-positive
patients on treatment;
HBV flares (changes in levels of ALT and
HBV DNA)

Anti-HBe Associated with lower levels
of HBV DNA

Initial presentation;
Every 6 months in HBeAg-positive
patients receiving treatment;
HBV flares (changes in levels of ALT and
HBV DNA)

HBV DNA Detects HBV infection, used
to define phase of infection
and need for HBV therapy

Initial presentation;
Every 6–12 months in untreated patients;
Every 3 months for patients receiving
treatment until undetectable, then every 6
months;
For patients with ALT flares;
Anti-HBc positive persons at risk for HBV
reactivation (such as immunosuppressed
patients)

HBV genotype Genotypes A–H,
determined by detection of
specific sequences

When considering peginterferon therapy;
Useful for epidemiology studies and to
broadly define disease progression

Precore or
basal core
promoter
mutations

Detects presence of
mutations in the precore
and BCP regions

None established;
Useful for epidemiology studies and to
broadly define disease progression

HBV resistance
tests

Detects presence (more
than 10%) of specific HBV
substitutions associated
with resistance to NAs

In patients with virologic breakthrough on
NAs
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Table 2.

New Biomarkers for HBV Infection

New biomarkers
(References)

Detection target Diagnostic test Potential roles in
management of patients
with chronic HBV infection

Measurement of
serum HBV
RNA

84, 87, 88

HBV pre-genomic RNA
and total serum HBV
RNA (variants that cause
defects in RNA splicing).
Serum levels of pre-
genomic indicate
transcription of cccDNA

RACE and real-
time PCR
(Abbott m2000
RNA RUO assay)

Defining stopping rules for
patients on NA therapy;
Identifying which patients with
cirrhosis may safely
discontinue HBV therapy;
Endpoint for testing
therapeutic agents that
cccDNA

Measurement of
HBcrAg

104, 105
Core antigen associated
with circulating virus
particles, denatured
HBeAg, and p22 core
related protein.
Surrogate marker of
intrahepatic cccDNA

ELISA (Lumipulse
G HBcrAg,
Fujirebio, Gent,
Belgium)

Diagnostic tool for
differentiating disease states;
Identifying which patients may
safely discontinue NA therapy;
Might identify patients at risk
for reactivation of HBV during
therapy;
Might be used to determine
risk for HCC

Measurement of
HBeAg 93, 95, 96, 106

Soluble protein produced
during acute or chronic
infection, encoded by
core gene, indicates
active viral replication

ELISA (Abbott,
Chicago,IL, USA)

To establish spontaneous
HBeAg seroconversion;
Might be used to monitor
response to treatment with
NAs or new antiviral therapies

Measurement of
anti-HBc 98, 102

Antibody against the
hepatitis B core antigen;
indicates prior HBV
exposure, marker of
immune response

ELISA (Beijing
Wantai Biological
Pharmacy,
Beijing, China)

Assess immune response
against HBV;
Identify patients with HBeAg
seroconversion
Might be used with immune-
modulatory therapies,
independent of HBV genotype
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