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ABSTRACT
Hepatitis B virus (HBV) infection is an important public health problem in Canada. In keeping with evolving evidence 
and understanding of HBV pathogenesis, the Canadian Association for the Study of Liver Disease periodically publishes 
HBV management guidelines. The goals of the 2018 guidelines are to (1) highlight the public health impact of HBV 
infection in Canada and the need to improve diagnosis and linkage to care, (2) recommend current best-practice 
guidelines for treatment of HBV, (3) summarize the key HBV laboratory diagnostic tests, and (4) review evidence 
on HBV management in special patient populations and include more detail on management of HBV in pediatric 
populations. An overview of novel HBV tests and therapies for HBV in development is provided to highlight the recent 
advances in HBV clinical research. The aim and scope of these guidelines are to serve as an up-to-date, comprehensive 
resource for Canadian health care providers in the management of HBV infection.
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INTRODUCTION AND GUIDELINE 
DEVELOPMENT PROCESS (CS COFFIN 
AND SK FUNG)
Hepatitis B virus (HBV) infection is an important 
public health problem in Canada. In keeping with 
evolving evidence and understanding of HBV 
pathogenesis, the Canadian Association for the 
Study of the Liver (CASL) has periodically pub-
lished HBV management guidelines (1,2). In 2017, a 
proposal was brought forward by the HBV Guide-
lines panel co-chairs (CS Coffin and SK Fung) and 
a committee member (MM Ma) to the CASL Edu-
cation Committee to update the 2012 Canadian 
HBV guidelines. Members of the writing commit-
tee panel were recommended by the co-chairs and 
approved by the chair of the CASL education and 
the CASL guidelines committees.

The goals of the updated 2018 HBV guide-
lines are as follows: (a) to highlight the contin-
ued public health impact of HBV infection in 
Canada and the need to improve diagnosis and 
linkage to care, (b) to recommend current best-
practice guidelines for treatment of HBV, (c) to 
summarize the key HBV laboratory diagnostic 
tests, and (d) to review evolving evidence on 
HBV management, especially in special patient 
populations (ie, HBV-related hepatocellular car-
cinoma [HCC], renal failure, transplant, preg-
nancy, immunosuppression, and co-infection). 
The new guidelines outline more comprehensive 
details regarding management of hepatitis B in 
children. In addition, an overview of novel HBV 
diagnostic tests and new therapies for hepatitis B 
in development is provided to highlight the re-
cent advances in HBV clinical research. The aim 
and scope of these guidelines are to serve as an 
up-to-date comprehensive resource for Canadian 
health care providers in the management of HBV 
infection (Table 1).

This document was presented to the member-
ship of CASL and to the Association of Medi-
cal Microbiology and Infectious Disease Canada 
(AMMI) for official endorsement by both societ-
ies. The Appraisal of Guidelines for Research  & 
Evaluation instrument was used as a framework 
to assess the quality of guidelines, provide a 

Correspondence: Carla S. Coffin, Cumming School of Medicine, University of Calgary, 2380 Hospital Drive NW, 
Calgary, Alberta T2N 1A4. Telephone: 403-592-5049. Fax: 403-592-5090. E-mail: cscoffin@ucalgary.ca

methodological strategy for the development of 
guidelines, and inform what and how information  
ought to be  reported (https://www.agreetrust.
org) (3)   (Table 1). In addition, the strength of the 
recommendation and evidence for each key rec-
ommendation was rated according to the Grades 
of Recommendation, Assessment Development 
and Evaluation working scale (https://www.
gradeworkinggroup.org) (4) (Table 2). A list of 
 abbreviations commonly used in this article can be 
found in the Appendix.

1.0.  PUBLIC HEALTH IMPLICATIONS 
OF HEPATITIS B (HH KO, MM MA, 
E TAM)

1.1.  Epidemiology and public health burden 
of hepatitis B infection in Canada

HBV infection is one of the most common infections 
in the world. There are an estimated 257 million 
chronic carriers and approximately 900,000 deaths 
annually from cirrhosis and HCC (5–7). HBV in-
fection prevalence is highest in the Western Pacific 
(6.2%) and African regions (6.1%). In Canada, hep-
atitis B is a notifiable disease that is reported to the 
Canadian Notifiable Disease Surveillance System 
by provincial and territorial health authorities (8). 
The overall acute infection rate is low in Canada 
and has declined from 1.0 to 0.5 per 100,000 be-
tween 2005 and 2013 (Figure 1A). This decline is 
largely attributable to the introduction of univer-
sal immunization programs in all provinces and 
territories since the early 1990s (9,10). However, it 
is also important to realize that the reported acute 
infection rate likely remains an underestimate be-
cause most people with acute HBV infection are 
asymptomatic and do not present for medical care 
or testing and remain unidentified.

According to the Canadian Notifiable Disease 
Surveillance System, the rate of chronic hepati-
tis B (CHB) declined from 13.6 to 12.0 per 100,000 
 between 2009 and 2013. The highest rates were 
 observed among men ranging in age from 30 to 
39 years, followed by women ranging in age from 
25 to 29 years (rates of 29.3 and 25.7 per 100,000, 
 respectively) (Figure 1B). CHB rates higher than the 
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Table 1: Agree II instrument used in assessing the 2018 Canadian Management of Hepatitis B Guidelines

Domain

Domain 1: scope 
and purpose

1. The overall objective(s) of the guideline is (are) specifically described.
2. The health question(s) covered by the guideline is (are) specifically described.
3. The population (patients,  public, etc.) to whom the guideline is meant to apply is specifically 

described.

Response: To develop up-to-date evidence-based guidelines on HBV screening, diagnosis, monitoring, and 
treatment, including special patient populations for clinicians involved in the care of patients with HBV 
infection.

Domain 2: 
stakeholder 
involvement

4.  The guideline development group includes individuals from all relevant professional groups.
5. The views and preferences of the target population (patients, public, etc.) have been sought.
6.   The target users of the guideline are clearly defined.

Response: Representatives from 2 major Canadian medical societies formed the guideline committee, 
 including target stakeholders from tertiary referral hepatology, liver transplant, and infectious disease 
 clinics in 5 provincial jurisdictions. The target audience is hepatologists and infectious disease and other 
health care professionals involved in treating HBV infection. Guidelines were disseminated for review and 
feedback in annual society meetings and through society newsletter emails.

Domain 3: rigour 
of development

7.  Systematic methods were used to search for evidence.
8.  The criteria for selecting the evidence are clearly described.
9.  The strengths and limitations of the body of evidence are clearly described.

Domain 3: rigour 
of development

10.  The methods for formulating the recommendations are clearly described.
11.   The health benefits, side effects, and risks have been considered in formulating the 

recommendations.
12.  There is an explicit link between the recommendations and the supporting evidence.
13.  The guideline has been externally reviewed by experts before its publication.
14.  A procedure for updating the guideline is provided

Response: The writing committee utilized the Grades of Recommendation, Assessment Development and 
Evaluation scale (GRADE method) for grading the strength and quality of supporting evidence for each recom-
mendation. Each specific section or recommendation was reviewed by committee members and  subjected to 
vote and approval. The guideline draft was presented to CASL leadership and AMMI for review and feedback. 
A similar process for updating the guidelines has been established as per the CASL Education Committee and 
CASL Guidelines Writing Committee (ie, formal application and approval by the guidelines committee).

Domain 4: clarity 
of presentation

15.  The recommendations are specific and unambiguous.
16.  The different options for management of the condition or health issue are clearly presented.
17.  Key recommendations are easily identifiable.

Response: All sections have a clear recommendations and alternatives discussed as appropriate.

Domain 5: 
applicability

18.  The guideline describes facilitators and barriers to its application.
19.  The guideline provides advice and/or tools on how the recommendations can be put into practice.
20.  The potential resource implications of applying the recommendations have been considered.
21.  The guideline presents monitoring and/or auditing criteria.

Response: All sections incorporate best practice, accounting for barriers and resource limitations, as 
appropriate.

Domain 6: editorial 
independence

22.  The views of the funding body have not influenced the content of the guideline.
23.  Competing interests of guideline development group members have been recorded and addressed.

No funding was provided to develop these guidelines. All conflict of interests by committee members 
were submitted to the chair of the CASL guidelines committee and pre-approved.

Note: AMMI = Association of Medical Microbiology and  Infectious Disease Canada; CASL = Canadian Association for the Study of the 
Liver; HBV = hepatitis B virus.
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Figure 1: Rates of reported cases of acute (A) and chronic (B) hepatitis B virus infection in Canada by age group in 2013, 
according to the Canadian Notifiable Disease Surveillance System.

Government of Canada. 2017. Report on hepatitis B and C in Canada: 2014. https://www.canada.ca/en/services/health/publications/
diseases-conditions/report-hepatitis-b-c-canada-2014.html
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Canadian-born adults, surveillance data have 
shown that risk factors associated with acute and 
chronic infection include having a chronic carrier 
as a family member, injection drug use, high-risk 
sexual activity, body piercing and tattooing, and 
history of blood transfusion (14–17). One review 
estimated the overall prevalence of HBV carriers 
in Canada at approximately 2%, with high-risk 
groups including immigrants, Indigenous popu-
lations, and street-connected individuals (11). The 
seroprevalence rate is highest in urban centres, and 
it is not uniformly distributed across the country. 
A recent prevalence assessment by the Canadian 
Liver Foundation estimated that there are 250,000–
460,000 individuals with CHB  infection in Canada, 
with approximately 50% of the carriers living in 
Ontario (18). Overall, the health care burden of 
hepatitis B remains high in Canada despite the 
availability of an effective vaccine for many years 
and implementation of a universal immunization 
program since the early 1990s. This high burden is 
related to immigration of families from countries 
in which hepatitis B is endemic and the incomplete 
success of universal and catch-up vaccination pro-
grams. Although the estimated national childhood 
hepatitis B vaccine coverage for more than one 
dose of the vaccine by age 17 years was 87.9% in 
2013 (10), the prevalence of hepatitis B vaccine–
induced immunity was only 52% for people aged 
25–29 years and less than 30% for the age group 
older than 30 years (17).

Table 2: Guideline development using the Grades of 
Recommendation, Assessment Development and 
Evaluation Scale (level of evidence) according to study 
design

Grade Definition

I Randomized controlled trials
II-1 Controlled trials without randomization
II-2 Cohort or case-controlled studies
II-3 Multiple time series, dramatic uncontrolled 

experiments
III Opinion of respected authorities. Descriptive 

epidemiology

Notes: Each recommendation was based on quality of the 
supporting evidence and study design and graded as class-
grade: 1 (high), 2-A, 2-B, 2-C (moderate), or 3 (low) quality 
evidence. 

national average were observed in British Colum-
bia (23.4 per 100,000), Ontario (15.1 per 100,000), 
and Alberta (14.6 per 100,000) (6). CHB mostly 
 affects individuals or populations that have not 
received routine immunization or are immigrants 
from endemic countries (5,7,8,11). In a childhood 
HBV surveillance study, non–Canadian-born chil-
dren had a relative risk 12 times higher than that 
of Canadian-born children (12,13), and more than 
one family member is usually affected. Among 
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CHB can progress to cirrhosis and complica-
tions of end-stage liver disease in as many as 
20%–25% of individuals (19–21). The annual in-
cidence of HCC is estimated at less than 1% in 
non-cirrhotic individuals and 2%–3% in those 
with cirrhosis (22–24). As reported in the Ontario 
Burden of Infectious Diseases Study, hepatitis B 
was the fifth-ranked pathogen causing significant 
health-adjusted life-years lost (25). The health 
burden of CHB among immigrants is even more 
substantial, with modelling data suggesting that 
immigrants with CHB lost an average of 4.6 life-
years and had a higher lifetime risk of decompen-
sated cirrhosis (12%), HCC (16%), and need for 
liver transplant (5%) (26).

1.2. Hepatitis B vaccination
Reducing the disease burden of CHB is contingent 
on preventing chronic infection through vaccina-
tion. Because the likelihood of developing CHB is 
greatest when exposure occurs in infancy or early 
childhood, the ideal strategy is to offer universal 
vaccination to susceptible neonates or infants. 
Through this strategy, the worldwide incidence 
of CHB in children aged younger than 5 years 
has fallen from 4.7% in the pre-vaccination era to 
1.3% in 2015 (7). In Canada, only New Brunswick, 
Nunavut, and the Northwest Territories provide 
HBV vaccination to newborns at birth; British 
 Columbia, Quebec, Yukon, and Prince Edward 
 Island provide vaccination at 2 months and in pre-
adolescence to capture any children who may have 
missed infant vaccination (i.e., new to the province 
or territory). Other jurisdictions do not routinely 
provide a birth dose of the HBV vaccine unless the 
neonate is deemed to be at risk through maternal 
screening for hepatitis B surface antigen (HBsAg), 
missing the  opportunity to prevent early horizon-
tal transmission (8). This interprovincial difference 
highlights the need for a harmonized national 
HBV vaccination schedule to prevent both verti-
cal and horizontal hepatitis B transmission. For 
example, if a child relocates from one province or 
territory school system to another at a critical time, 
he or she may miss the opportunity to participate 
in school-administered vaccination programs.

Candidates for hepatitis B vaccine include all 
children and adolescents as well as high-risk indi-
viduals (Table 3) (8). Pre-immunization serologic 
screening is not routinely recommended, but it is 
recommended for those at high risk of infection, 
and HBsAg, antibody to HBsAg (anti-HBs), and 

Table 3: Screening recommendations for hepatitis B in 
persons not known to be HBV immune or vaccinated

1. Born or resident in region where HBV is more 
 common (Central, East, or South Asia; Australasia; 
Eastern Europe; South America; Sub-Saharan Africa; 
North Africa or Middle East)

2. Household contacts with HBV carriers (including 
unvaccinated persons whose parents were from 
HBV-endemic countries), especially children of HBV-
positive mothers

3. Sexual contacts with HBV carriers, persons with 
 multiple sexual partners

4. Illicit injection or intranasal drug use or shared drug 
paraphernalia (past or present) 

5. Inmates
6. Patients with chronic renal failure who need dialysis
7. Signs of liver disease (ie, abnormal liver enzyme 

tests) or other infectious diseases (ie, hepatitis C, HIV; 
hepatomegaly, splenomegaly,  thrombocytopenia, 
and jaundice are late findings)

8. All pregnant women 
9. Patients needing immune modulation therapy or 

those who will develop immunosuppression such as 
cancer chemotherapy

Note: High-risk individuals who test negative for hepatitis B 
surface antigen and HBV surface antibody negative should 
be offered the vaccine. HBV = hepatitis B virus. Adopted 
from the Canadian Liver Foundation (www.liver.ca) and Pub-
lic Health Agency of Canada National Immunization Guide

antibody to HBV core (anti-HBc) testing should 
be  done beforehand. For HIV-infected and other 
potentially immunocompromised adults (ie, trans-
plant patients, dialysis patients, patients with 
decompensated cirrhosis), there is evidence sup-
porting the use of a double-dose strategy for both 
the initial and the repeat vaccination series to 
 increase response rate and longer durability of se-
roprotective responses (27,28). In adults with risk 
factors for reduced immune responses (includ-
ing people with diabetes), newer HBV vaccine 
formulations may be an option, with approval of 
recombinant hepatitis B vaccine (HEPLISAV-B)  
by the US Food and Drug Administration. HEP-
LISAV-B is conjugated to a toll-like receptor 9 
agonist adjuvant to enhance immunogenicity. In 
a phase 3 blinded 2:1 randomized trial of 8,374 
participants, HEPLISAV-B induced significantly 
higher seroprotective rates after  administration of 
two doses over 4 weeks compared with three doses 
of Engerix-B over a 24-week  period (29).
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Routine serologic testing to assess vaccine re-
sponse is not recommended. After vaccination, the 
titre of anti-HBs decreases over time. After 10 years, 
more than one-third of children vaccinated dur-
ing infancy will have anti-HBs titres below the 
accepted protective antibody level of 10 IU/L. 
However, hepatitis B–vaccinated adults can mount 
a protective immune response even 18 years after 
receiving a primary series of vaccinations. In those 
at high risk of exposure to HBV or those less likely 
to respond because they are immunocompromised 
(Table 3), post-vaccination anti-HBs serology is 
recommended within 1–6 months after the last 
dose. Routine booster vaccination (ie, single dose 
of the HBV vaccine) is not indicated in average-
risk populations, but it may be considered in close 
household contacts of HBsAg-positive individuals 
or other high-risk individuals. For healthy adults 
who do not respond to the first series of vaccines, 
the Canadian Immunization guide recommends 
a second vaccine series. With completion of the 
second series (up to three doses), a protective anti-
HBs level will be elicited in 50%–70% of individu-
als who failed the initial vaccine series (30).

1.3. Hepatitis B screening
CHB infection is often asymptomatic, and screen-
ing of high-risk groups is important to identify 
individuals for counselling to reduce the risk of 
transmission, monitor disease progression, iden-
tify those who require HCC surveillance, and 
provide antiviral therapy to those at risk of liver-
related complications such as cirrhosis or HCC. 
The high-risk groups for whom screening should 
be considered are summarized in Table 3. All can-
didate immigrants to Canada should undergo 
screening for hepatitis B during their medical 
evaluation, providing an opportunity for those 
who are unaware of their hepatitis B status to be 
evaluated and treated, if indicated. These high-
risk groups should be screened for CHB infection 
with HBsAg, anti-HBs, and anti-HBc. If the HB-
sAg test is positive, HBV e antigen (HBeAg), HBV 
e antibody (anti-HBe), and viral load (HBV DNA) 
should be checked (Tables 4–5). The interpreta-
tion of serologic tests is discussed in Sections 5.0 
and 6.0.

Recommendations for HBV Diagnosis and 
Prevention

1. Health Canada, The Public Health Agency, and 
the provinces and territories should increase 

support and development of uniform struc-
tural programs for hepatitis B to (a) prevent 
HBV infection; (b) identify infections (screen-
ing, especially in high-risk groups, including 
all candidate immigrants); and (c)  facilitate 
the assessment, treatment, and education of 
chronically infected patients. (strong recom-
mendation; class 2, level B)

2. All Canadian provinces and territories should 
harmonize the hepatitis B vaccination policy 
with universal, preferably neonatal or in-
fant, vaccination with catch-up vaccinations 
for those who have not yet received adoles-
cent vaccination. (strong recommendation;  
class 3)

3. Routine booster doses of HBV vaccine are not 
indicated in average-risk, immune-competent 
individuals who responded to the primary 
series of vaccine. (strong recommendation; 
class 2, level A)

4. A repeat series (three doses of vaccine) should 
be offered to those at high risk of exposure or 
those who are immmunosuppressed and who 
do not respond to the first series of vaccines. 
(strong recommendation; class 1)

5. All high-risk individuals should be screened 
for HBV infection with HBsAg, anti-HBs, and 
anti-HBc, and their response to the vaccine 
should be assessed. (strong recommendation; 
class 2, level B)

6. All high-risk individuals who are HBsAg, anti-
HBc, and anti-HBs negative should receive the 
HBV vaccine, and their response to the vaccine 
should be assessed. (strong recommendation; 
class 1)

2.0.  HBV LIFE CYCLE AND 
IMMUNOPATHOGENESIS 
(CS COFFIN)

HBV is a small, non-cytopathic DNA virus and 
the  prototype member of the Hepadnaviridae fam-
ily. The complete HBV virion or “Dane” particle 
contains a nucleocapsid with a circular, partially 
double-stranded, approximately 3,200 base-pair 
genome surrounded by a lipid envelope (31). The 
compact genome encodes four overlapping open 
reading frames and four RNA species that encode 
seven proteins: three envelope or surface proteins—
large, middle, and small—forming the envelope or 
HBsAg, the nucleocapsid core or C protein carrying 
HBV core antigen specificity, the secretory HBeAg, 
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Table 4: Summary of HBV serological tests 

Anti-HBs Anti-HBc Anti-HBe HBsAg HBeAg
IgM IgG/IgM total

Immunization A marker of 
immunization. 
Anti-HBs will 
be the sole 
 seromarker 
present (with 
history of 
immunization)

Acute 
infection

A marker of acute 
infection. May also 
indicate severe 
acute exacerbation 
of chronic infection, 
thus requiring clinical 
or epidemiological 
history to distinguish 
between acute 
HBV infection and 
severe exacerbation 
of chronic HBV 
infection.

A marker of 
infection or 
infectivity

Previous 
or current 
(chronic) 
infection

A marker of 
 previous 
infection (after 
 seroconversion 
and in 
association with 
the presence 
of other HBV 
antibodies)

A marker of previous 
or current infection, 
depending on the 
presence of other 
serological and 
molecular markers 
of HBV infection. 
The presence of 
anti-HBc in isolation 
is associated with 
occult hepatitis B.

A marker 
of chronic 
 infection 
indicating 
the 
phase of 
infection*

When 
positive at 
≥6 months, 
a marker 
of chronic 
infection

A marker 
of viral 
replication 
and 
infectivity 
indicating 
the phase of 
infection*

Note: ALT = alanine aminotransferase; HB = hepatitis B; anti-HBc = antibody to HBV core; anti-HBe = antibody to HBeAg; HBeAg = HBV 
e antigen; anti-HBs = hepatitis B surface antibody; HBsAg = hepatitis B surface antigen; HBV = hepatitis B virus; IgG = immunoglobulin 
G; IgM = Immunoglobulin M
* HBeAg positive, anti-HBe negative: characterized by high HBV DNA and normal ALT (phase 1) or elevated–fluctuating ALT levels 
(Phase 2); HBeAg negative, anti-HBe positive: indicates the inactive carrier phase of chronic hepatitis associated with low HBV DNA and 
normal ALT levels (phase 3) or HBeAg-negative chronic hepatitis in the context of fluctuating HBV DNA and ALT levels, often because of 
the presence of mutations reducing or eliminating HBeAg expression (phase 4), according to the revised classification system.

the viral reverse transcriptase or polymerase, and 
the X protein. The HBeAg may be immunoregula-
tory, whereas the HBx protein interacts with cellu-
lar factors and modifies  diverse cellular processes, 
promoting tumourigenesis (32,33). 

HBV replication is unique; viral entry is medi-
ated by binding of the HBV pre–surface 1 region 

to its specific receptor on the hepatocyte cell 
membrane (ie, sodium taurocholate cotransport-
ing polypeptide, or NTCP). The nucleocapsid is 
released into the cytosol and transported to the 
nucleus, and the genomic relaxed circular (rc) 
DNA is converted into a covalently closed circu-
lar (ccc) DNA episome. The HBV cccDNA is the 
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Table 5: Phases of chronic HBV infection according to revised and classical definitions

Phase 1: HBeAg + 
chronic infection 
(old terminology 
immune 
tolerance)

Phase 2: HBeAg + 
chronic hepatitis 
(old terminology 
immune active)

Phase 3: HBeAg − 
chronic infection 
(old terminology 
inactive carrier)

Phase 4: HBeAg − 
chronic hepatitis 
(old terminology, 
HBeAg-negative 
chronic hepatitis)

Phase 5: HBsAg 
negative or OHB

HBsAg Positive Positive Positive Positive Negative
HBsAb Negative Negative Negative Negative Positive or negative
HBeAg Positive Positive Negative Negative Negative
HBV DNA IU/mL* Often > 107 104–107 Often < 2,000; 

sometimes > 
2,000

103–107 Negative or trace 
amount

ALT Normal Elevated or 
fluctuating

Normal Often fluctuating Normal

Phase Mostly in young 
patients but 
could extend  
into the 4th or 
5th decades

Young patients to 
5th decade with 
active hepatitis

Variable duration 
with HBV 
immune control 

Mostly in older 
patients with 
intermittent flare 
of hepatitis 

Immune clearance 
of HBV or immune 
control of the virus 
with OHB

Non-invasive 
fibrosis 
assessment or 
biopsy

Normal (recent 
data suggesting 
that individuals 
may be at  
higher risk HCC)

Abnormal Normal or mildly 
abnormal

Abnormal Normal

Treatment No Yes (if no signs 
of spontaneous 
seroconversion 
because 
prolonged 
duration of 
hepatitis 
increases fibrosis 
risk)

No Yes No (except during 
immunosuppres sion)

Note: All patients should be fully evaluated, including history, physical exam, liver tests, etc. (see section 4.0) to determine need 
for treatment. ALT = alanine aminotransferase; HBeAg = HBV e antigen; HBsAb = hepatitis B surface antibody; HBsAg = hepatitis B 
 surface antigen; HBV = hepatitis B virus; HBV DNA = viral load; HCC = hepatocellular carcinoma; OHB = occult hepatitis B
*IU/mL = ~5 virus copies/mL

transcriptional template of all viral genes (34). The 
transcribed pregenomic RNA with bound poly-
merase is encapsidated into cores and serves as 
a template for reverse transcription into minus-
strand DNA followed by plus-strand DNA syn-
thesis to yield partially double-stranded rcDNA. 
The rcDNA is packaged into nucleocapsids sur-
rounded by a lipoprotein envelope in the endo-
plasmic reticulum and exported from the cell as 

new infectious virions while another pool of cores 
with rcDNA are recycled to the nucleus (ie, intra-
cellular cccDNA amplification). During chronic 
infection, up to 1012 virons can be produced daily, 
which together with the error-prone HBV P trans-
lates to 1010-11 point mutations per day, generating 
a diverse swarm of viral quasispecies. HBV diver-
sity is constrained by overlapping open reading 
frames that can limit the fitness of mutants formed 
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(35). HBV variants are selected under host and 
antiviral pressure, leading to immune escape and 
drug resistance. In some cases of HBeAg-negative 
hepatitis B, mutations within the HBV pre-core 
or core-promoter region lead to a premature stop 
codon that interferes with HBeAg synthesis and 
secretion without affecting viral replication. These 
mutations are associated with fulminant hepatitis 
and development of HCC. 

In addition, the HBV genome can randomly 
integrate very early after virus invasion into host 
genes encoding proteins used in cell signalling, 
proliferation, and viability that can result in on-
cogenesis (ie, HCC). Infected hepatocytes also 
produce a large excess of non-infectious, subviral 
surface particles in spheres or filamentous forms 
(HBsAg) that may serve as immune decoys. It was 
thought that clearance of acute HBV infection trig-
gered a vigorous innate immune response, type 1 
interferons (IFNs), and development of an efficient 
adaptive immune (cytokine) response and induc-
ing IFN-stimulated genes (36). However, studies in 
acutely infected chimpanzees (37) and using liver 
tissue from CHB patients show that the HBV may 
in fact behave as a stealth virus and evade the in-
nate immune response (38). Despite successful im-
mune clearance and loss of HBsAg, low-level HBV 
infection can persist indefinitely as occult hepatitis 
B (OHB), either seronegative or seropositive, with 
HBV DNA and cccDNA in the liver. Individuals 
with OHB may remain at risk of reactivation with 
intense immunosuppression and possibly liver 
disease (39). 

In contrast, during chronic infection, individu-
als have a compromised innate and adaptive 
immune response characterized by suboptimal an-
tigen presentation, exhaustion of antigen- specific 
T cells, and insufficient antibody production (40). 
HBV is a noncytopathic virus, which means that 
liver damage is caused not directly by the virus but 
rather by host immune cells infiltrating the liver. 
Thus, protracted immune-active flares mediated 
by HBV-specific T cells are important for clearing 
HBV from infected hepatocytes, yet they may also 
cause liver cell damage leading to cirrhosis. Ulti-
mately, new treatment strategies are focusing on 
achieving either a functional cure (ie, HBsAg loss, 
immune control) or even a virological cure (target-
ing cccDNA) for HBV eradication (see section 18, 
“New HBV Therapies”) (41). A schematic of the 
HBV life cycle is provided in Figure 2.

Figure 2: Summary of the HBV lifecycle. Key 
steps include the formation of intranuclear HBV 
minichromosome (HBV cccDNA) that is not targeted by 
current NA therapy. The HBV replicates through an error-
prone reverse transcription of an RNA intermediate that 
lacks proofreading, leading to frequent mutations in 
the viral genome. HBV persistence is due to ineffective 
antiviral immune response and resilient HBV cccDNA 
template.

cccDNA = covalently closed circular DNA; HBV = hepatitis 
B virus; NA = nucleos(t)ide analogue; NTCP = sodium 
taurocholate cotransporting polypeptide; pgRNA = 
pregenomic RNA; RC-DNA = relaxed circular DNA.

3.0.  NATURAL HISTORY OF HEPATITIS 
B INFECTION AND HBV 
MONITORING (E KELLY, MM MA)

Hepatitis B infection has a complex natural history 
(Figure 3, Tables 4–5). The outcome of acute hepa-
titis B infection is affected by the patient’s age and 
immune status at the time of exposure to the virus. 
In adults, the infection is often transmitted by high-
risk activity such as injection drug use or through 
sexual contact, and after an acute infection, the 
infection is usually self-limited and development 
of lifelong immunity occurs. However, it is also 
recognized that despite HBsAg clearance and de-
velopment of natural immunity, OHB can develop 
because of the persistence of HBV cccDNA, char-
acterized by the presence of low-level HBV DNA 
and long-lasting HBV-specific T cell responses. 
These patients may be at risk of HBV reactivation 
with intense immunosuppression (see section 9). 
In rare cases (< 1%), acutely infected adults can de-
velop severe hepatitis and fulminant liver failure, 
and few (< 5%) may become chronically infected 
with persistence (> 6 months) of serum HBsAg. 
Most infants or young children acquire HBV infec-
tion vertically from mother to infant in the peripar-
tum period or horizontally (from infected family 
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Figure 3: Natural history of CHB infection based on conventional definitions (A). Recent data suggest that the immune-
tolerant phase is a misnomer because many patients have active HBV-specific immune responses and unrecognized hepatic 
necroinflammatory activity. A new classification system has been proposed, differentiating only between chronic infection 
versus chronic hepatitis (B). 

*The risk of cirrhosis and HCC is higher in patients with high HBV DNA levels and ongoing hepatic inflammation (ie, elevated ALT)
ALT = alanine aminotransferase; anti-HBs = antibody to HBsAg; CHB = chronic hepatitis B; HBeAg = HBV e antigen; HBsAg = hepatitis B 
surface antigen; HBV = hepatitis B virus; HCC = hepatocellular carcinoma

Adulthood Exposure

< 5% risk

Cirrhosis / HCC*

>95%
HBeAg +

Chronic Infection
Phase 1

(Immune Tolerance)

Infancy or
Early Childhood Exposure

> 90-95% risk
without

immunoprophylaxis

HBeAg –
Chronic Hepatitis

Phase 4

HBeAg –
Chronic Infection

Phase 3
(Inactive Carrier) 

HBsAg loss, Anti-
HBs Seroconversion

Phase 5
Occult Hepatitis B

HBeAg +
Chronic Hepatitis

Phase 2
(Immune Active)

Adulthood Exposure
< 5% risk

Cirrhosis / HCC*

 

>95%

HBsAg loss, Anti-HBs
Seroconversion /
Occult Hepatitis B

(Phase 5)

Infancy or
Early Childhood

Exposure >90-95 % risk
without immuno-

prophylaxis

HBsAg + Chronic Infection
HBeAg + (Phase 1)
HBeAg – (Phase 3)

HBeAg –
Chronic Hepatitis (Phase 4)

HBeAg +
Chronic Hepatitis  (Phase 2)

members or close household contacts) through 
unrecognized close contact with infectious body 
fluids. Population studies have documented that 
a significant portion of chronic HBV carriers were 
infected during infancy or early childhood (25,42). 
As noted in section 1.2, the immunization strategy 
of providing only adolescent vaccinations misses 
the opportunity to prevent early infection in in-
fants or young children, which results in chronic 
infection in 90% of infants and 25%–50% of young 
children.

CHB infection is a dynamic disease that can 
evolve gradually or rapidly. The natural history of 
HBV infection is described as progressing through 
distinct phases (Table 5, Figure 3A) of variable du-
ration (42). In vertical perinatal or childhood infec-
tion, an HBeAg-positive chronic infection (phase 1; 
previously termed the immune-tolerant phase) is the 
norm, lasting 10–40 years. During phase 1, alanine 
aminotransferase (ALT) is normal (defined as < 19 
in female patients and < 30 in male patients; see 
section 6.0), and the HBV DNA level is very high, 
with minimal fibrosis and inflammation.  However, 
recent studies show that so-called immune- tolerant 
individuals show preserved HBV-specific T cell 
immune responses (43,44), despite normal or high-
normal ALT; hence, some experts propose describ-
ing the immune-tolerant phase as “high-replicative 
non-inflammatory.”

The majority of chronically infected individu-
als can develop HBeAg-positive chronic hepa-
titis (phase 2; previously termed immune active) 
in early adulthood (~85% before age 18 years), 

characterized by elevated ALT and declining HBV 
DNA levels, that can last for less than 5 to more 
than 25 years. During this phase, patients serocon-
vert from HBeAg positive to anti-HBe positive, 
yet they may be at risk of cirrhosis if persistent 
immune-mediated necroinflammatory activity oc-
curs. Predictors of HBeAg seroconversion are high 
ALT, low HBV DNA, patient age less than 40 years, 
and absence of cirrhosis (42,45–47).

In HBeAg-negative chronic infection (phase 3; 
previously termed inactive carrier), ALT decreases 
with low-level HBV DNA and positive anti-HBe, 
reflecting immune control, with improved prog-
nosis in non-cirrhotic individuals (48). However, 
some HBeAg-negative patients may present with 
fluctuating liver enzymes and HBV DNA levels (ie, 
phase 4, or HBeAg-negative chronic hepatitis) and 
remain at high risk for fibrosis progression. In pa-
tients with HBeAg-negative chronic hepatitis, the 
HBV often develops immune escape mutations in 
the HBV pre-core and basal core promoter regions 
(~30% in some studies; see sections 2.0 and 5.0) (49).

Finally, only 0.5%–0.8% of CHB carriers per year 
show HBsAg loss (with or without anti-HBs or 
anti-HBc; phase 5). HBV DNA is very low or unde-
tectable by standard clinical assays in serum with 
persistent HBV cccDNA and DNA in liver. HBsAg 
clearance is a very favourable event and deemed 
a functional cure of chronic infection (20,21,48,50).

The original description of HBV natural history 
has been challenged by new evidence showing 
significant HBV-specific T cell response activity in 
young immune-tolerant individuals (44,51) and 
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groups (ie, persons who inject drugs, immi-
grants from endemic areas) should be consid-
ered. (strong recommendation; class 2, level A)

8. All CHB carriers should have regular monitor-
ing of ALT (every 6 months) and HBV DNA 
( every 6–12 months), or at less frequent in-
tervals, depending on individual baseline as-
sessment and risk of liver disease progression. 
(strong recommendation; class 2, level A)

9. Repeat fibrosis assessment may be indicated 
if persistent ALT elevation and HBV DNA 
are present to assess the need for treatment. 
(strong recommendation; class 3)

4.0.  HBV-RELATED HCC (E KELLY, HH 
KO, MM MA)

The annual incidence of HCC in HBV-infected 
 individuals without cirrhosis is 0.4%–0.6% in 
Asians, 0.2% in Alaska Natives, and approximately 
0.3% in Caucasians (19,23,46). Because of limited 
data, the incidence of HCC among African or North 
American Blacks remains unclear. In  cirrhotic pa-
tients, the incidence of HCC development is about 
2%–3% per year, with a cumulative 5-year inci-
dence ranging from 15% to 20% (60).

In addition to ethnicity, there are viral, host, 
and environmental factors that have been shown 
to increase the risk of cirrhosis and HCC develop-
ment. Known factors associated with increased 
HCC risk are age older than 40 years, male, im-
munocompromised, positive family history, pres-
ence of cirrhosis, high serum HBV DNA (> 2,000 
IU/mL or 10,000 copies/mL), elevated ALT, pro-
longed time to HBeAg seroconversion, genotype 
C, concurrent viral infections (such as hepatitis C 
virus [HCV], HDV, and HIV), heavy alcohol use, 
non-alcoholic fatty liver disease, and smoking 
(46). Higher HBsAg titres may also correlate with 
a greater risk of HCC in patients with low-level vi-
remia and in both untreated and antiviral-treated 
patients (61,62), and they may predict HCC recur-
rence after resection for HCC (63). Serum alpha- 
fetoprotein (AFP) was previously used as a tumour 
marker for HCC, and some studies have shown 
AFP levels to predict tumour differentiation, size, 
and prognosis. However, it is important to note 
that HCC can occur in patients without a rise in 
AFP, thus measurement of AFP levels should not 
replace biannual ultrasound in at-risk patients 
(64). Both ultrasound alone and ultrasound plus 
AFP led to similar rates of curative treatment, with 

that inactive carriers with HBV DNA of less than 
2,000 IU/mL may be at risk of HCC, especially if 
qHBsAg levels are more than 1,000 IU/mL (see 
section 5.0) (52). This new terminology aims to 
highlight the more dynamic nature of CHB and the 
risk of HCC and cirrhosis even in young individu-
als with normal liver enzymes and high HBV DNA 
levels (51,53) (Table 5, Figure 3B)

The guidelines committee recommended for-
mally adopting the revised classification systems 
but acknowledged that other international liver so-
cieties (54,55) as well as expert pediatric HBV spe-
cialists continue to use the “classic” HBV natural 
history terminology (Table 5, Figure 3A–3B).

It has been estimated that approximately 25% 
of those with chronic HBV infection will develop 
significant chronic liver disease or HCC during 
their lifetime. The risk for cirrhosis and liver can-
cer correlates with the severity of chronic injury 
or fibrosis, HBV DNA level, duration of infection, 
male sex, and concomitant liver diseases. Progres-
sion to end-stage liver disease or HCC occurs at a 
rate of 5%–10% per year, with an annual death rate 
of 20%–50% after complications develop (56,57). 
Thus, all HBsAg-positive patients should have 
regular follow-up to assess HBV DNA, liver bio-
chemistry, and liver fibrosis. Although repeated 
liver biopsy may not be feasible, non-invasive 
testing (ie, transient elastography [TE] or serum 
markers) is useful in monitoring for possible fibro-
sis progression and need for antiviral therapy (see 
section 6.0).

Chronic HBV infection can cause extrahepatic 
syndromes, including vasculitis and a spectrum of 
immune complex–mediated conditions, including 
renal failure (section 10.0). These extrahepatic syn-
dromes are rare but can lead to multi-organ injury 
and significant morbidity (58,59). It is important to 
make a timely diagnosis and initiate treatment to 
prevent multi-organ injury.

Recommendations for Monitoring of Untreated 
CHB Infection

7. All CHB (HBsAg-positive) patients must be as-
sessed, including a physical exam for signs of 
chronic liver disease, testing for baseline liver 
biochemistry (ALT), complete blood count, 
creatinine, HBV DNA, HBeAg serology, and fi-
brosis (either non-invasive assessment or liver 
biopsy). All should be evaluated for comorbid 
liver disease (ie, hepatitis C); screening for HIV 
and hepatitis delta virus (HDV) in high-risk 
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e. Family history of HCC (starting at age 40)
f. All HIV-co-infected patients (starting at 

age 40).

5.0.  LABORATORY ASSESSMENT 
(C OSIOWY)

HBV serological markers (antigens and antibodies) 
diagnose infection and help to identify the clini-
cal phase of infection (section 3.0), and molecular 
markers of infection (HBV DNA, cccDNA, serum 
RNA) indicate viral replication, transcriptional 
activity, and persistence of infection (section 2.0). 
The detection and quantification of these markers 
provide an assessment of the natural history of in-
fection and guide treatment management (Table 4).

5.1. HBV serological markers
The profile of HBV serological markers provides 
information on a patient’s infection and immune 
status. The selection of screening or diagnostic 
serological testing is aided by patient history and 
clinical presentation. The presence of antibodies 
directed against HBV proteins (anti-HBc, anti-
HBs, anti-HBe) indicates exposure and resolution 
or infection with the virus, or successful response 
to immunization. The presence of HBV antigens  
(HBsAg, HBeAg) in the serum indicates viral infec-
tion (Table 4). The quantification of HBV  serological 
markers is increasingly being used as a surrogate to 
indicate ongoing viral replication or the presence of 
HBV cccDNA (discussed in the following sections).

5.2. HBV DNA
HBV DNA quantification is mandatory to guide 
treatment decisions and may be used to indicate 
the phase of infection in association with HBV 
serological markers. Persistently high levels of 
HBV DNA (> 2,000 IU/mL; 1 IU/mL = ~5 virus 
genome copies/mL) are a significant risk factor 
for liver disease progression and the develop-
ment of HCC (75). Monitoring HBV DNA levels at 
regular intervals (3–6 months) while on treatment 
(especially with lower potency, first-generation 
nucleos(t)ide analogues [NAs]) is necessary to as-
sess response and potential development of anti-
viral resistance or treatment noncompliance (76). 
Very sensitive molecular tests licenced by Health 
Canada are available for measuring HBV DNA 
on the basis of real-time polymerase chain reac-
tion (PCR) methodology (Roche TaqMan HBV and 
 Abbott RealTime HBV), with large dynamic ranges 
(Roche limit of detection < 6–20 IU/mL, linear 

no appreciable statistical differences between the 
two surveillance strategies.

Several predictive scoring systems have been de-
veloped and validated to predict HBV-related HCC 
(65), including an easy-to-use nomogram based 
on the Risk Evaluation of Viral Load Elevation 
and Associated Liver Disease/Cancer- Hepatitis B 
Virus cohort and a scoring system using five pre-
dictors of HCC based on the Risk Estimation for 
Hepatocellular Carcinoma in Chronic Hepatitis B 
study (66–68). Most of these scoring systems were 
developed with Asian cohorts and have not shown 
sufficient accuracy in other populations, including 
Caucasians and Africans. The PAGE-B score, based 
on platelets, age, and gender at baseline, was re-
cently developed and validated in Caucasian CHB 
patients undergoing antiviral therapy; it provides 
a simple scoring system using clinically available 
variables (69). Other studies have suggested that 
the PAGE-B score may also be applicable to Asian 
CHB patients receiving antivirals and predictive 
of HCC in untreated HBV (70,71). Recently, the 
 Toronto HCC risk index was developed to predict 
the 10-year risk of HCC in cirrhotic patients. It is 
the first Canadian validated scoring system that 
uses readily available clinical and laboratory pa-
rameters (ie, age, sex, etiology, and platelets) to 
stratify patients into low, intermediate, and high 
risk of HCC (72).

HCC surveillance leads to an increase in detec-
tion of early-stage HCC amenable to curative ther-
apy and improves survival. Therefore, abdominal 
ultrasound every 6 months is recommended for 
HBV-infected individuals who are at high risk of 
HCC. The 6-month interval was selected on the ba-
sis of tumour doubling time and cost-effectiveness 
analyses (73,74).

Recommendations for HCC Surveillance in 
HBV-Infected Individuals

10. Abdominal ultrasound screening every 
6  months is recommended in the following 
 patients with chronic HBV infection. Serum 
AFP monitoring is not recommended for HCC 
screening if ultrasound is available. (strong 
recommendation; class 2, level B)
a. Asian men aged 40 years or older
b. Asian women aged 50 years or older
c. Persons of African origin aged 20 years 

or older (due to risk of HCC even in non- 
cirrhotic patients)

d. All cirrhotic patients irrespective of age
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studies are required to verify this predictive func-
tion, because serum RNA levels respond differ-
ently under PEG-IFN and NA therapies (82). At 
this time, quantitative serum HBV RNA testing is 
not commercially available.

5.4. qHBsAg
Quantitative HBsAg (qHBsAg) is an established 
marker predicting infection phase and immune 
control, which together with HBV DNA levels 
guide treatment decisions. qHBsAg testing is 
recommended for monitoring response to treat-
ment and establishing chronic HBeAg-negative 
hepatitis (phase 4) versus HBeAg-negative infec-
tion (phase  3), as discussed next and in section 
6.0. Quantitative measurement of HBsAg has 
been standardized to an international standard, 
and assays are commercially available in Canada 
(Abbott Architect HBsAg, Abbott Diagnostics, 
 Mississauga,  Ontario; Roche Cobas Elecsys  HBsAg 
II quant, Roche  Diagnostics, Laval, Quebec) with 
a broad dynamic range and limits of detection to 
0.05 IU/mL. Because qHBsAg can reflect the natu-
ral history of HBV infection, it allows for putative 
cut-off values to predict the likelihood of moderate 
to severe fibrosis in treatment-naïve HBeAg-posi-
tive patients, depending on HBV genotype and 
ALT measurements (≥7,000–25,000 IU/mL) (84). 
Similarly, qHBsAg levels of less than 100 IU/mL 
could signify immune control and are thus associ-
ated with HBeAg-negative (Tables 4–5, Figure 3) 
chronic infection (phase 3) with a high likelihood 
of future HBsAg clearance (85), sustained virologi-
cal response, and a functional cure after treatment 
withdrawal in HBeAg-negative patients (86).

High negative predictive values for qHBsAg 
levels during treatment have been determined 
that offer possible treatment cessation or stopping 
rules. HBeAg-positive patients treated with PEG-
IFN who do not achieve a qHBsAg decline at week 
12 or 24 and have levels remaining at more than 
20,000 IU/mL have a low probability of treatment 
response or HBeAg seroconversion (87,88). Stop-
ping rules for HBeAg-negative patients treated 
with PEG-IFN have also been established by a Eu-
ropean study and subsequent validation studies 
(89,90). At week 12, a lack of decline in HBV DNA 
(< 2 log) and serum qHBsAg levels provides a neg-
ative predictive value of 100%, but further studies 
including greater HBV genotype representation 
are needed to confirm these rules because HBsAg 
kinetics during treatment vary by genotype (91).

range 20–1.7E+08 or ~1.0 × 108 IU/mL;  Abbott 
limit of detection < 10–15 IU/mL, linear range 
 10–15 to 1E+09 or ~1.0 × 109 IU/mL). HBV DNA 
assays having greater sensitivity may become 
more relevant for guiding treatment cessation of 
NA, because residual low amounts of HBV DNA 
may be associated with a risk of relapse after treat-
ment withdrawal (77).

OHB, defined as the presence of HBV DNA in 
serum or liver in the absence of detectable HBsAg 
(78), has been associated with the development 
of liver disease and is an increased risk factor for 
HCC. OHB is associated with reactivation of ap-
parently resolved infection (anti-HBc positive, 
with or without anti-HBs, and HBsAg negative), 
particularly during immunosuppressive (IS) ther-
apy or treatment of co-infecting HCV with direct-
acting antivirals (DAAs; section 15.0).

The persistence of cccDNA after infection reso-
lution or treatment-induced serum HBV DNA 
reduction to undetectable levels prevents com-
plete eradication of HBV infection. This leaves the 
 patient susceptible to reactivation and an ongoing 
risk of developing HCC (79). Quantification of in-
trahepatic cccDNA provides guidance on patient 
management, but as yet no practical and stan-
dardized method exists for routine clinical prac-
tice. New diagnostic tests that provide a surrogate 
marker of HBV replication or transcriptional activ-
ity have been identified to complement HBV DNA 
quantification, particularly for NA-treated patients 
with DNA levels reduced below detectable levels, 
to better understand treatment efficacy and to pre-
dict ongoing risk of HCC and relapse after with-
drawal of antiviral treatment.

5.3. Quantitative serum HBV RNA
HBV pre-genomic RNA, present as non-reverse-
transcribed transcripts within virus-like particles, 
is detectable in patient sera (80). Because pre-
genomic RNA is constitutively expressed from 
cccDNA (Section 2.0, Figure 2), quantified lev-
els of serum RNA can indicate cccDNA presence 
and activity (81) to help predict rebound after 
treatment withdrawal (80). Recent studies have 
shown that serum RNA levels are predictive of 
treatment response, either at baseline for the com-
bined response to pegylated interferon (PEG-IFN) 
and adefovir dipivoxil (ADV) therapy in HBeAg-
negative patients (82), or during NA treatment in 
 HBeAg-positive patients with significant reduc-
tions in serum RNA levels (83). However, further 

 h
ttp

s:
//c

an
liv

j.u
tp

jo
ur

na
ls

.p
re

ss
/d

oi
/p

df
/1

0.
31

38
/c

an
liv

j.2
01

8-
00

08
 -

 M
on

da
y,

 J
an

ua
ry

 0
6,

 2
02

0 
9:

32
:1

4 
A

M
 -

 U
ni

ve
rs

ity
 o

f 
C

al
ga

ry
 I

P 
A

dd
re

ss
:1

36
.1

59
.4

9.
12

0 



Management of hepatitis B virus (HBV) infection

Canadian Liver Journal Fall 2018     169

5.6. qAnti-HBc antibody
Quantification of anti-HBc antibody (qAnti-HBc) 
holds promise for predictive therapeutic man-
agement. qAnti-HBc levels have been found to be 
closely correlated with the host immune response 
to HBV and thus to parallel hepatic inflamma-
tory activity. Anti-HBc production is significantly 
higher and associated with liver  enzyme lev-
els during the HBeAg-positive chronic phase of 
 infection and during  HBeAg-negative hepatitis 
(ie, phase 4) as compared with HBeAg- negative 
chronic infection or low replicative phases of 
infection (104) (ie, phase 3; Table 5, Figure 3). 
Several studies have investigated the utility of 
baseline qAnti-HBc to predict response to treat-
ment. Patients treated with PEG-IFN who sero-
converted from HBeAg positivity to anti-HBe 
positivity after the end of treatment or follow-
up had significantly higher levels of qAnti-HBc 
at baseline (105). Moreover, qAnti-HBc levels at 
baseline (≥4.4–4.5 log10 IU/mL) were the best 
independent predictor of HBeAg seroconversion 
after either PEG-IFN or telbivudine (TBV)–ADV 
treatments compared with the baseline predic-
tive value of ALT or HBV DNA levels (106). A 
sandwich-based enzyme-linked immunosorbent 
assay validated against the World Health Organi-
zation anti-HBc standard is commercially avail-
able from Beijing Wantai Biological Pharmacy 
(Beijing, China) for qAnti-HBc testing (105,107). 
Using qAnti-HBc as a surrogate marker of the 
overall immune response may allow for more 
effective prediction of achieving response to 
therapy and has been shown to be independent 
of HBV genotype, unlike qHBsAg (108), and to 
have a longer half-life in serum, compared with 
ALT (104).

5.7. HBV sequence analysis
Molecular analysis of the HBV genome provides 
information on the viral genotype and the presence 
of mutations associated with drug resistance, im-
mune escape, and HBeAg expression, all of which 
have implications for transmission, epidemiol-
ogy, clinical outcome, and patient management 
(109). Molecular analysis is most commonly per-
formed by sequencing, including commercial plat-
forms (Siemens Trugene HBV genotyping assay or 
 Abbott HBV sequencing assay) and, more recently, 
next-generation sequencing (110). Reverse hybrid-
ization line probe assays (INNO-LiPA, Fujirebio 
US Inc., Malvern, Pennsylvania) are also routinely 

The effect of NA treatment on HBsAg kinetics 
is not as pronounced as with PEG-IFN treatment 
because NA treatment does not directly influence 
immune control or inhibit cccDNA transcrip-
tional activity. However, HBeAg-positive patients 
treated with third-generation NA (ie, tenofovir 
disoproxil fumarate [TDF] or entecavir [ETV]) 
for approximately 2 years demonstrated a greater 
qHBsAg decline than HBeAg-negative patients 
(92), particularly those with genotype A infection, 
which may simply reflect the increased HBsAg 
seroconversion naturally observed during geno-
type A infection (93). Longer treatment regimens 
(≥3 years) have shown that end-of-treatment 
 qHBsAg levels of less than 100 IU/mL are associ-
ated with a low risk of relapse in HBeAg-negative 
 patients (94). 

5.5. Quantitative HBcrAg
Detection of HBV core-related antigen (HBcrAg) 
targets the HBV core antigen, HBeAg, and the 
HBeAg precursor core-related antigen, all of 
which share a common sequence of 149 amino 
acids (95). The Lumipulse G HBcrAg  assay 
 (Fujirebio US Inc., Malvern,  Pennsylvania) allows 
quantification of HBcrAg in serum or plasma, al-
though it is not commercially available in North 
America. As opposed to qHBsAg, HBcrAg quan-
tification positively correlates with cccDNA in 
both HBeAg-positive and  HBeAg-negative pa-
tients (96,97), providing a robust surrogate of 
transcriptional activity over a range of clinical 
phases and predictive power for HBeAg sero-
conversion (98). Similar to qHBsAg, HBcrAg lev-
els accurately differentiate between those with 
HBeAg-negative chronic infection with  immune 
control (ie, phase 3; Table 5, Figure 3) at a low 
risk of HCC and those for whom treatment is 
indicated (99). As with the HCC risk inherent 
with persistently elevated levels of HBV DNA 
(75), HBcrAg levels are also strongly associated 
with a risk for progression to HCC (100), includ-
ing ongoing risk during NA therapy (101). Co- 
monitoring of both qHBcrAg and qHBsAg has 
been recommended for predicting reactivation 
risk in HBeAg-negative patients after treatment 
cessation. Virological relapse after cessation of 
PEG-IFN treatment with sequential or combi-
nation NA therapy was significantly greater 
in those having baseline HBcrAg of more than 
3.5–3.8 log10 U/mL and qHBsAg of more than 
3.1 log10 IU/mL (102,103).
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reduction, respectively, of HBeAg expression. 
Core promoter mutations increase intracellular 
core protein and allow ongoing HBV replication, 
resulting in continuing inflammation (126). These 
mutations have been established as a significant 
risk factor for HCC development (117,127). Simi-
larly, deletions in the pre-surface genomic region 
are also an independent predictor of progres-
sion to HCC (128), likely because of modification 
of surface antigen–associated immune control 
and involvement of endoplasmic reticulum-
stress pathways (129,130). Testing for G1896A or 
A1762T/G1764A mutations may be warranted 
for a better understanding of the clinical phase of 
 patients suspected to have HBeAg-negative hepa-
titis (ie, Phase 4).

Detection of mutations resulting in resistance to 
NA treatments is necessary to understand lack of 
response to or increasing HBV DNA during treat-
ment and to differentiate patient noncompliance 
from genotypic resistance. Subsequent NA treat-
ment decisions may also be guided by the presence 
of NA-specific or cross-reactive resistance muta-
tions (131). Such testing may not be possible in pa-
tients who have a persistently low HBV DNA level 
or failure to achieve undetectable HBV DNA while 
on treatment, because of the limits of detection 
of commercial tests or sequence analysis. Next-
generation sequencing methodologies have been 
investigated for detection of HBV drug resistance 
mutations (132); however, the clinical relevance of 
very low-level mutant populations is still not fully 
understood (133,134).

Mutations in the HBsAg and pre-surface cod-
ing regions can have significant clinical and di-
agnostic consequences. These mutations may 
result in reduced or modulated immunogenicity 
or epitope-specific antibody binding affinity (135) 
and defective HBsAg production and secretion 
(130,136). Screening for HBsAg mutations is in-
dicated for suspected diagnostic escape (eg, dis-
cordance in serological results: negative or low 
HBsAg levels in the presence of high HBV DNA 
levels or HBsAg–anti-HBs co-positivity), vaccine 
escape, or OHB.

Recommendations for HBV Laboratory Testing

11. Clinicians should have access to regular 
HBV serological (ie, HBsAg, HBeAg) and 
quantitative HBV DNA testing to assist in 
patient management. (strong recommenda-
tion; class 1)

used for HBV genotype determination and muta-
tion detection.

5.7.1. HBV genotyping
The eight major HBV genotypes (A–H) are distin-
guished by 7.5% or more nucleotide divergence 
throughout the full genome (111) and have dis-
tinct geographic–ethnic distribution worldwide 
(109,112). Countries with a high rate of immigra-
tion, such as Canada, exhibit a diverse blend of all 
genotypes (113).

Genotypic differences during the natural pro-
gression of infection have been observed, such 
that genotype A (HBV/A) is highly associated 
with HBsAg persistence after acute infection (114) 
but with an apparent higher rate of spontaneous 
HBsAg clearance (93) than other HBV genotypes. 
HBV/C infection is significantly associated with 
delayed HBeAg seroconversion (115), resulting in 
persistently high HBV DNA levels that, together 
with a higher frequency of the double basal core 
promoter mutation (A1762T/G1764A) (116), 
leads to HBV/C being an independent risk fac-
tor in the development of HCC (117). Other HBV 
genotypes have been significantly associated with 
HCC risk, such as HBV/F in Alaska Native pa-
tients (118) or subgenotype HBV/A1 in patients 
in southwestern India or Sub-Saharan  Africa 
(119,120). However, this observation may be 
complicated by the frequent specific ethnic asso-
ciation with certain genotypes. For example, cir-
cumpolar Inuit or Alaska Native people  infected 
with subgenotype HBV/B5 (previously B6) ex-
perience no observable advanced liver disease or  
HCC (121,122).

Although most evidence suggests that HBV 
genotypes do not have an effect on the response 
to NA treatment or the development of resistance, 
HBsAg decline or clearance during PEG-IFN with 
(122,123) or without (124) NA therapy is highly as-
sociated with genotype A infection, regardless of 
HBeAg status (125). Genotype-specific PEG-IFN 
end-of-treatment qHBsAg cut-off values have 
been recommended to predict sustained response 
in HBeAg-negative patients (HBV/A, < 400 IU/
mL; HBV/B, < 50 IU/mL; HBV/C, < 75 IU/mL; 
HBV/D, < 1,000 IU/mL) (91).

5.7.2. Mutation testing
Mutations within the precore (HBeAg) coding 
region (G1896A) and basal core promoter re-
gion (A1762T/G1764A) result in elimination or 
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than age 25 years, and the number younger than 
age 30 years was small. The proportion of HBeAg-
negative patients ranged from about 50% to 80%. 
Thus, in patients older than age 30, and in particu-
lar in those who are HBeAg-negative, HBV DNA 
is a good predictor of risk of adverse outcomes. 
This is likely also true in patients older than age 40 
years who are HBeAg-positive, but this is not the 
case in younger patients.

Other studies also show a correlation between 
ALT and outcome, but the association was not as 
strong as that for HBV DNA (140,141). In particu-
lar, patients with ALT within the laboratory normal 
range were also at risk for the development of cir-
rhosis and HCC as long as the HBV DNA concen-
tration was higher than 10,000 copies per millilitre 
(~2,000 IU/mL). ALT is an imperfect marker of liver 
disease in CHB patients. Several studies from East 
Asia clearly demonstrate that higher ALT is corre-
lated with worse liver disease outcomes. In a Hong 
Kong study of 3,233 untreated HBV patients, those 
with normal and even subnormal ALT levels were 
found to have the lowest risk of HBV complications 
(140). These and other studies suggest that the upper 
limit of normal for ALT used in many laboratories 
may be too high for Asians with CHB. Therefore, 
several expert societies now endorse an upper limit 
of normal for men and women with CHB of 35 U/L 
and 25 U/L, respectively (53,54,142). HBV patients 
with normal or near-normal ALT may still harbour 
significant liver disease and warrant treatment.

In an attempt to reduce the likelihood of treating 
patients who may never develop significant liver 
disease, if the HBV DNA is high and the ALT is 
normal, other indicators of significant liver disease 
should be present before starting therapy. These 
indicators may be noninvasive markers of fibrosis 
such as TE (ie, FibroScan) or serum-based fibrosis 
markers (ie, FibroTest), ultrasound evidence of cir-
rhosis, or biopsy evidence of at least moderate fi-
brosis or inflammation. TE higher than 10 kPa has 
been correlated with cirrhosis in HBV patients, and 
FibroTest higher than 0.8 is thought be a marker 
of advanced fibrosis (higher than stage 3 fibrosis) 
(143,144). Transient ALT elevations, particularly if 
mild, may not be associated with significant dis-
ease. However, prolonged ALT elevation is more 
likely to be associated with significant injury. Thus, 
contrary to previous practice, assessment of pa-
tients with normal ALT may be required to deter-
mine the presence of liver disease and to inform 
treatment decisions.

12. Specialized mutation and genotype testing 
may be used selectively by specialists to help 
direct treatment and management decisions. 
(moderate recommendation; class 2, level B)

13. Serological testing should be available from 
regional or provincial laboratories, and molec-
ular testing should be available through pro-
vincial laboratories or reference laboratories 
(the Guide to Services provided by the National 
Microbiology Laboratory can be found at 
https://cnphi.canada.ca/gts/faces/ public/
index.xhtml). (moderate recommendation; 
class 2, level C)

14. As evidence becomes available for the clini-
cal utility of new tests to provide surrogate 
measures of HBV replication and the pres-
ence of cccDNA, these tests should be con-
sidered for incorporation into provincial and 
reference laboratories. (weak recommenda-
tion; class 3)

6.0.  TREATMENT OF HBV INFECTION 
(SK FUNG, E TAM)

6.1. Selection of patients for treatment
The objective of treatment in CHB is to prevent the 
development of cirrhosis and its consequences, 
liver failure and HCC (75,137,138). However, not 
all patients infected with hepatitis B will develop 
these complications. The challenge is to identify 
those who are at risk for the development of com-
plications and to offer them treatment. Conversely, 
identifying those who will not progress may spare 
some patients lifelong treatment. However, the 
tools to achieve this goal are imperfect. As noted, 
the factors that predict high risk of adverse out-
comes include serum HBV DNA, age, hepatic 
fibrosis, and ALT (section 3.0) (50,139). Other fac-
tors may include quantitative HBsAg levels, HBV 
genotypes, and some HBV mutations (section 5.0). 
Of these, HBV DNA has been best studied. Several 
large-scale long-term prospective studies have now 
correlated HBV DNA at recruitment with outcome 
(75,137,138). They have all come to the same con-
clusion, that is, that the risk of developing cirrho-
sis and HCC and liver-related mortality increases 
with higher HBV DNA concentration at recruit-
ment and with persistence of high HBV DNA dur-
ing follow-up. However, in considering the role of 
HBV DNA as a marker of prognosis, it is impor-
tant to be aware of the specific populations in these 
studies, which did not include patients younger 
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provides an algorithm for identifying individual 
patients who require treatment. In summary, the 
decision to treat requires the consideration of sev-
eral factors: patient age, level of viral replication, 
HBeAg status, and evidence of significant liver 
disease in the form of persistent elevation of ALT, 
fibrosis or inflammation on biopsy, or non-invasive 
assessment of hepatic fibrosis.

6.2. Drugs to treat hepatitis B and their use
This section provides information on the specific 
antiviral agents licenced to treat hepatitis B in 
Canada. These include lamivudine (LAM), ADV, 
TBV, ETV, TDF, tenofovir alafenamide (TAF), and 
PEG-IFN alpha. A comparison of the efficacy of 
the different agents is illustrated in Figure 5 and 
Table 6.

6.2.1. IFNs
IFNs have both antiviral and immunomodulatory 
properties that make them effective in inducing 
long-term immunological control. Potential advan-
tages of IFN over NA include finite-duration therapy 
and no concern with respect to viral  resistance. The 
major disadvantages, however, are the associated 
systemic side effects and route of  administration 
(subcutaneous injection).

Initial datasets evaluated the use of standard IFN 
alpha at a subcutaneous dose of 10 mIU three times 
per week or 5 mIU daily for 16–24 weeks (147–151).  
However, PEG-IFN has supplanted standard 
IFN use in clinical practice given its once-weekly 

For both HBeAg-positive and HBeAg-negative 
patients, treatment should be considered once the 
HBV DNA is higher than 2,000 IU/mL. Previous 
studies have suggested that progressive liver dam-
age occurs once HBV DNA increases above a level 
of 10,000 copies/mL (~2,000 IU/mL) (50,57). Al-
though liver injury is uncommon if the HBV DNA 
is below 2,000 IU/mL, some patients may have 
HBV-induced liver disease at lower viral loads. 
Liver biopsy may be needed to exclude alternative 
diagnoses and to confirm viral-induced liver injury. 
Moreover, HBV DNA may fluctuate, so that repeat 
measurements are required. HBeAg-negative CHB 
is associated with more advanced liver disease 
and never completely remits spontaneously; thus, 
treatment may be necessary in patients with HBV 
DNA of more than 2,000 IU/mL.

Young adults who are HBeAg positive usu-
ally have very high viral loads (> 107 IU/mL), 
with variable ALT levels (145,146). Most often, 
these individuals have no or minimal liver dis-
ease on biopsy. Immediate treatment may not 
be necessary, even with elevated ALT. It is very 
difficult to predict whether these individuals 
will undergo spontaneous HBeAg seroconver-
sion with remission of disease before the de-
velopment of significant liver injury. Figure 4  

Figure 4: Proposed clinical algorithm for selecting HBV 
patients for antiviral therapy. In general, patients at risk 
for liver disease and needing therapy have persistently 
elevated ALT (normal, < 25 U/L in women, < 35 U/L in 
men) and elevated HBV DNA. However, normal ALT may 
not rule out liver disease risk and can fluctuate over time. 
Because of increased HCC risk with age, some experts are 
suggesting treating older patients (aged > 35 or 40 years) 
with high viral load regardless of ALT levels or fibrosis 
status. Any person with significant fibrosis regardless 
of ALT level should be considered for treatment, as per 
recommendation #16.

ALT = alanine aminotransferase; HBV = hepatitis B virus

HBeAg-
positive or 
negative

HBV DNA <2,000 IU/mL HBV DNA >2,000 IU/mL

ALT 
normal

ALT 
normal

ALT elevated 
for 3-6 

months

ALT elevated 
for 3-6 

months

No treatment.  
Monitor every 3 

months with ALT 
and HBV DNA

Rule out other 
causes of liver 

disease

Monitor every 3 
months. 

Assessment of 
hepatic fibrosis and 
treat if significant 

disease

Treat

Figure 5: Relative potencies of different hepatitis B 
oral antivirals at 48–52 weeks of therapy. LAM has 
been compared with ETV and with TBV in two separate 
randomized controlled trials. ADV has not been compared 
directly with the other agents. TDF was compared with TAF. 

* For TDF and TAF, results reported as HBV DNA < 29 IU/ml
ADV = adefovir dipivoxil; ETV = entecavir; LAM = lamivudine; 
TAF = tenofovir alafenamide; TBV = telbivudine; TDF = 
tenofovir disoproxil fumarate.
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alpha-2a with or without LAM for 48 weeks, with 
an HBeAg seroconversion rate of 32% in the PEG-
IFN alpha-2a monotherapy group at the end of 
the 24-week follow-up period (158). Eight patients 
(3%) in this group experienced HBsAg loss at the 
same time point. A similar study evaluated PEG-
IFN alpha-2b (100 μg for weeks 1–31; 50 μg for 
weeks 32–52) with or without LAM for 52 weeks 
and demonstrated an HBeAg seroconversion rate 
of 29% at the end of 26 weeks of follow-up (159). 
Nine patients (7%) experienced HBsAg loss. 
 Although defining optimal treatment duration is 
difficult given available evidence, 48 weeks is cur-
rently considered standard of care.

IFN-induced HBeAg seroconversion is associ-
ated with improved overall survival and com-
plication-free survival (160–162). Although data 
regarding the impact of PEG-IFN alpha therapy 
on the incidence of HCC are heterogeneous, most 
reports conclude that the incidence of HCC is 
 reduced, with some evidence suggesting lower 
 incidence of HCC than in those receiving oral anti-
viral therapy (163).

(b) HBeAg-negative chronic hepatitis (phase 4)
PEG-IFN alpha-2a (180 μg) with or without LAM 
for 48 weeks was demonstrated to be effective in 
HBeAg-negative patients (164). Suppression of 
HBV DNA to less than 400 copies/mL (~80 IU/ mL) 
at the end of treatment was achieved in 63% of 
 patients on PEG-IFN alpha-2a monotherapy, but 
only 19% continued to have durable viral suppres-
sion 24 weeks after stopping therapy. The combined 
endpoint of ALT normalization and HBV DNA of 
less than 4,000 IU/mL (~20,000 copies/mL) was 
achieved in 36% of those in the PEG-IFN alpha-2a 
group at end of treatment, with the same propor-
tion achieving this endpoint at 24-week  follow-up. 
HBsAg loss occurred in 4% at week 72.

(c)  Predictors of PEG-IFN response and stopping 
rules

Given the modest response rates and potential sys-
temic side effects associated with PEG-IFN alpha 
therapy, there is significant value in identifying 
predictors of response in order to select optimal 
treatment candidates. In addition, robust stopping 
rules may prevent futile extension of therapy in 
patients unlikely to respond. PEG-IFN alpha is less 
effective in inducing HBeAg seroconversion in pa-
tients with high viral loads (HBV DNA > 2 × 107 
IU/mL). Seroconversion rates are also reduced in 

Table 6: Seroconversion rates with hepatitis B antiviral 
therapy

Therapy and duration  
of treatment

HBeAg seroconversion 
rate, %

Pegylated interferon
24–48 weeks 29–32

Lamivudine
1 year 17–20
3 years 40

Adefovir
1 year 12
3 years 43

Entecavir
1 year 21
3 years 39

Telbivudine
1 year 22
2 year 33

Tenofovir disoproxil fumarate
1 year 21
7 years 40

Tenofovir alafenamide
1 year 10
2 years 18

dosing schedule and some evidence of superior 
efficacy. IFNs are contraindicated in decompen-
sated cirrhosis but may be considered for patients 
with compensated cirrhosis (preserved hepatic 
synthetic function without evidence of portal hy-
pertension). PEG-IFN may be considered for both 
HBeAg-positive patients (phase 2) and carefully 
selected HBeAg-negative patients (phase 4).

(a) HBeAg-positive chronic hepatitis (phase 2)
HBeAg seroconversion occurs in 25%–40% of 
treated patients (147–151). IFN-induced HBeAg 
seroconversion is durable in 70%–80% of patients 
with up to 8 years of follow-up (152–156). Delayed 
HBsAg clearance occurs more frequently in IFN-
treated patients than in untreated controls, but this 
is seen in only a minority (approximately 6%–8%) 
(155). PEG-IFN alpha-2a (180 μg) for 24 weeks was 
compared with standard IFN, with PEG-IFN al-
pha–induced HBeAg seroconversion occurring in 
28% (180 μg) versus 12% for standard IFN (157). 
Another study investigated the use of PEG-IFN 

 h
ttp

s:
//c

an
liv

j.u
tp

jo
ur

na
ls

.p
re

ss
/d

oi
/p

df
/1

0.
31

38
/c

an
liv

j.2
01

8-
00

08
 -

 M
on

da
y,

 J
an

ua
ry

 0
6,

 2
02

0 
9:

32
:1

4 
A

M
 -

 U
ni

ve
rs

ity
 o

f 
C

al
ga

ry
 I

P 
A

dd
re

ss
:1

36
.1

59
.4

9.
12

0 



CS Coffin, SK Fung, et al.

174     Canadian Liver Journal Fall 2018

of antiviral resistance mutation to TDF have 
been published after 8 years of continuous treat-
ment (169). Interestingly, HBsAg loss occurred in 
10%–15% of patients during the same period of 
treatment. Analysis of the Asian subset showed 
similar efficacy as in Caucasians. Predictors of 
HBsAg loss included decline in HBsAg levels on 
treatment, HBV genotype A, and shorter duration 
of chronic infection (< 4 years).

6.2.3. Tenofovir alafenamide (TAF, Vemlidy)
TAF is a novel product of tenofovir. TAF is given 
at a lower dose (25 mg daily) than TDF but is de-
livered more efficiently into hepatocytes. In phase 
3 studies of 873 HBeAg-positive and 435 HBeAg-
negative mainly treatment-naïve patients, TAF 
was compared with TDF in a blinded fashion for 
2–3 years, followed by 5 years of open-label TAF 
(170,171). Although virologic (HBV DNA < 29 IU/
mL) and serologic responses were similar between 
the two groups, higher rates of ALT normalization 
were seen in those randomized to receive TAF after 
1 year of treatment. Moreover, renal function mea-
sured by serum creatinine and glomular filtration 
rate (GFR) as well as bone mineral density changes 
measured by dual-energy X-ray absorptiometry 
scans were significantly less common in those who 
received TAF. ALT flares and other adverse events 
were similar between the two treatment groups. 
Although TAF has not been studied in antiviral-
resistant patients in a dedicated study, a small 
number of patients in the registration studies were 
found to have LAM-, ADV-, and ETV-resistant mu-
tation at baseline. Response to TAF compared with 
TDF was similar. On the basis of in vitro studies 
and case  reports, TAF is expected to have signifi-
cant activity against common antiviral-resistant 
mutations. In a  recent case report from Italy, an 
 elderly  patient with LAM and ADV resistance 
who received rescue therapy with TDF developed 
Fanconi  syndrome. The  patient was then treated 
with TAF, which not only improved  renal function 
but also maintained antiviral suppression, sug-
gesting that TAF is a suitable alternative to TDF 
for multidrug-resistant HBV (172)

6.2.4. Entecavir (ETV, Baraclude)
ETV is a selective guanosine analogue and a po-
tent inhibitor of HBV DNA replication that is well 
tolerated with a side effect profile similar to LAM 
in large clinical trials. In treatment-naïve patients, 
HBeAg seroconversion at 1 year is similar to other 

those with low ALT (less than two times the upper 
limit of normal); therefore, PEG-IFN alpha is not 
recommended for treatment of patients with high 
viral load or low ALT. Other predictors of poor re-
sponse include age older than 40 years, male sex, 
and cirrhosis. Genotypes A and B are associated 
with higher rates of HBeAg seroconversion.

Quantitative HBsAg on treatment has thus far 
been demonstrated to be the best on-treatment pre-
dictor of response to PEG-IFN alpha. In HBeAg-
positive patients at week 24 of PEG-IFN alpha 
therapy, HBsAg of more than 20,000 IU/mL is 
associated with a 99% negative predictive value 
for response (defined as HBeAg loss with HBV 
DNA < 2,000 IU/mL), validated in a cohort of 803 
HBeAg-positive patients (165). Thus, HBsAg levels 
of more than 20,000 IU/mL at week 24 of therapy 
in HBeAg-positive individuals should trigger im-
mediate discontinuation of therapy. At this time, 
no widely applicable and robustly validated stop-
ping rules are available for the HBeAg-negative 
patient undergoing treatment with PEG-IFN al-
pha. Careful selection of these individuals on the 
basis of clinical factors at baseline remains the best 
approach. A useful online calculator (PEG-IFN 
HBV Treatment Index; https://www.liver-GI.nl/
peg-ifn) is available to predict treatment response 
in HBeAg-positive patients (166).

6.2.2. Tenofovir disoproxil fumarate (TDF, Viread)
TDF is an oral nucleotide reverse transcriptase in-
hibitor approved for chronic HBV infection. TDF 
has demonstrated efficacy in treatment-naïve 
HBeAg-positive (phase 2) and HBeAg-negative 
(phase 4) patients with chronic hepatitis. Long-
term large registration studies of more than 430 
patients report HBV DNA suppression of less 
than 69 IU/mL was achieved in more than 99% 
of HBeAg-positive and HBeAg-negative pa-
tients after 7 years (167). Normalization of ALT 
occurred in 80% of patients. HBeAg loss was re-
ported in 59% of HBeAg-positive patients, and 
HBsAg loss was reported in 12% of patients after 
7 years. At the end of 5 years of treatment, 80% 
of patients overall had improvement in liver his-
tology. Seventy-five percent of patients with cir-
rhosis at baseline had at least a 2-point reduction 
in Ishak score after long-term TDF therapy (168). 
Nephrotoxicity and hypophosphatemia with 
long-term therapy were uncommonly reported 
(1.2% and 0.9% of patients, respectively). To date, 
no confirmed cases (including in vitro testing) 
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for treatment of hepatitis B. However, LAM may 
still have a role in certain situations in which time-
limited therapy is indicated, such as prophylaxis 
for those undergoing short-term immunosup-
pression, especially in HBsAg-negative, anti-HBc-
positive cases with low or undetectable HBV DNA 
(Section 9.0).

6.2.6. Adefovir (ADV, Hepsera)
ADV is an NA that is rarely used because of its 
low potency and incomplete viral suppression in 
the majority of patients within the first year, pos-
sibly because of the low approved dose (10 mg 
daily). Side effects of ADV include nephrotoxic-
ity,  hypophosphatemia, and, rarely, Fanconi syn-
drome, necessitating regular monitoring of renal 
function (estimated GFR, or eGFR). Risk factors 
for ADV resistance are high baseline viral load and 
inadequate suppression of virus on therapy (182).

6.2.7. Telbivudine (TBV, Sebivo)
TBV is an NA that was more effective than LAM in 
patients with both HBeAg-positive and HBeAg-
negative chronic hepatitis. In a cohort study of 
196 patients in China, HBeAg seroconversion ex-
ceeded 50% after 5 years of TBV compared with 
ETV. However, genotypic resistance rates of 5% 
and 11% were reported after 1 and 2 years of TBV 
treatment, respectively (183). Asymptomatic rises 
in creatine kinase and myositis occurred in ap-
proximately 12% of patients, which has limited 
its use in most countries. However, TBV may 
have a limited role for short-term HBV treatment 
in pregnancy (US Food and Drug Administration 
class B in pregnancy) if TDF is contraindicated. In 
a study of 229 pregnant HBeAg-positive women 
with high viral load, TBV given in the second tri-
mester of pregnancy was more effective than no 
antiviral treatment in reducing perinatal trans-
mission of HBV (0% versus 8%; see section 7.0) 
(184,185).

6.2.8. De novo combination antiviral therapy
Although combination therapy for hepatitis B may 
be appropriate in certain patient populations, there 
are few data to support its routine use with treat-
ment-naïve patients.

(A) PEG IFN alpha (PEG, Pegasys) plus NA
Because PEG-IFN and NA therapies have differ-
ent mechanisms of action, there has been signifi-
cant interest in the potential to combine the two 
strategies. Foreseeable benefits of a combination 

NAs at 21% after year 1 and 39% after year 3 (Ta-
ble 6) (173,174). Compared with LAM-treated pa-
tients, ETV-treated patients had higher rates of 
HBV DNA undetectability (67% versus 36%) and 
histologic improvement (72% versus 62%). Only 
about 1%–2% of subjects developed resistance to 
ETV after 5 years (175). However, this is in contra-
distinction to resistance rates of more than 50% in 
those with prior LAM resistance (176).

In another study of 648 HBeAg-negative pa-
tients treated with ETV, virologic suppression and 
histologic improvement were significantly higher 
than in those treated with LAM (90% versus 72% 
and 70% versus 61%, respectively). In a long-term 
real-world cohort study of 222 Chinese patients 
in Hong Kong treated with 7 years of continuous 
ETV, 99% maintained HBV DNA suppression, 98% 
normalized ALT, and 82% achieved HBeAg sero-
conversion. Resistance to ETV was reported in only 
1.2% of patients during long-term follow-up. Pre-
dictors of HBsAg loss include baseline levels less 
than 100 IU/mL and, on treatment, annual decline 
by more than 0.2 log IU/mL (177). In a study of 
286 HBeAg-positive LAM-refractory patients who 
were treated with high-dose ETV (1 mg daily), only 
20% of patients achieved undetectable HBV DNA 
after 1 year of treatment, and 8% of patients sub-
sequently developed resistance to ETV; this rate 
increased substantially with prolonged duration of 
therapy (178). Thus, ETV is not recommended as 
salvage therapy for LAM-resistant HBV.

6.2.5. Lamivudine (LAM, Heptovir)
LAM is a pyrimidine NA inhibitor of the HBV 
polymerase. It was the first oral agent approved in 
the treatment of HBV in Canada. Many HBV pa-
tients may have received LAM in the past, espe-
cially patients who have recently immigrated from 
Southeast Asia where the drug is still widely used. 
Generally, LAM is effective at lowering HBV DNA 
and has an established long-term safety record 
(179). Compared with placebo, LAM was shown in 
a randomized study to reduce progression of liver 
disease and possibly hepatoma in HBV cirrhotic 
patients (180). The major disadvantage of LAM 
is the very high risk of developing antiviral resis-
tance and virologic breakthrough, approaching 
70% at 4 years (181). Moreover, the development 
of LAM resistance may lead to cross-resistance to 
other agents such as ETV and TBV and limit future 
treatment options. Therefore, LAM is not a suitable 
first-line treatment and is a suboptimal regimen 
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in HBV DNA suppression, HBeAg seroconver-
sion, or ALT normalization was observed (189). 
However, resistance to LAM was significantly 
lower in the combination group compared with 
the monotherapy group. In another dataset, com-
bination LAM plus TBV was less effective than 
TBV alone for all endpoints (190), possibly as a 
result of antiviral antagonism. In a randomized 
open-label, multi-centre study, 379 nucleos(t)ide-
naïve patients were randomized by HBeAg status 
to ETV plus TDF versus ETV monotherapy (191). 
A similar proportion of individuals achieved the 
primary endpoint of HBV DNA less than 50 IU/
mL at week 96 of therapy in the combination 
(ETV plus TDF) and the ETV-alone arms (83.2% 
versus 76.4%; p = 0.088). However, in the subset 
of HBeAg-positive patients with baseline HBV 
DNA more than 108 IU/mL, a greater propor-
tion of those treated with combination therapy 
achieved HBV DNA less than 50 IU/mL at week 
96 (79% versus 62%; p = 0.018). Rates of HBeAg 
loss and HBeAg seroconversion were similar in 
the two treatment groups. No difference in the 
overall low rates of HBsAg loss and HBsAg se-
roconversion was observed. A greater proportion 
of individuals in the ETV-alone group achieved 
normal ALT levels by week 96 (81.9% versus 
69.0%; p = 0.004). Although the overall role of an-
tiviral therapy in HBeAg-positive patients with 
high viral load and normal ALT remains incom-
pletely defined, treatment with TDF plus emtric-
itabine versus TDF alone for 192 weeks was also 
explored in this patient population in a random-
ized, double-blind study of 126 patients. Of pa-
tients in the TDF plus emtricitabine group, 76% 
achieved HBV DNA less than 69 IU/mL at week 
192 versus 55% of those in the TDF plus placebo 
group (p = 0.016). Only three patients experienced 
HBeAg seroconversion (all in the TDF plus pla-
cebo group). No HBsAg loss occurred during the 
study (192). 

Although combination NA therapy may re-
sult in higher rates of HBV DNA suppression in 
HBeAg-positive patients with high viral loads, the 
available data do not support the routine de novo 
use of this strategy, because of the lack of any in-
dication that other clinically relevant endpoints 
are improved. Even so, combination therapy may 
remain an appropriate consideration in certain 
situations. In cirrhotic patients, particularly those 
with hepatic decompensation, the development of 
resistance to antiviral agents may lead to flares of 

approach include higher rates of HBeAg sero-
conversion,  HBsAg loss, and durable long-term 
viral suppression after a finite course of therapy. 
Multiple combination strategies have been stud-
ied, including the simultaneous initiation of 
PEG-IFN and nucleos(t)ide therapy, addition of 
PEF-IFN in individuals already virally suppressed 
on nucleos(t)ide therapy, and switching from 
nucleos(t)ide therapy to PEG-IFN. Overall, de-
spite the theoretical benefits, results in these com-
bination studies have been underwhelming, with 
little or no benefit demonstrated, and often with 
small sample size or methodological concerns in 
the study design that reduce their applicability to 
clinical practice (186). One notable exception is a 
recently published study involving 740 individu-
als with either HBeAg-positive or HBeAg-negative 
chronic hepatitis, randomized to one of four treat-
ment arms involving PEG-IFN alpha-2a (180 µg/
week, subcutaneously) or TDF (300 mg once daily): 
TDF plus PegIFN for 48 weeks (group A), TDF 
plus PEG-IFN for 16 weeks followed by 32 weeks 
of TDF alone (group B), TDF alone for 120 weeks 
(group C), or PEG-IFN alone for 48 weeks (group 
D). All participants were untreated, but they may 
have had prior exposure to NA therapy more than 
24 weeks before study inclusion. All participants 
had elevated ALT, and those with bridging fibrosis 
or cirrhosis were excluded. The primary efficacy 
endpoint of HBsAg loss at week 72 was achieved 
in 9.1% of participants in group A, which was 
statistically significantly higher compared with 
2.8%, 0%, and 2.8% in groups B, C, and D, respec-
tively. Although HBsAg loss in group A was noted 
across genotypes, the highest rate of clearance oc-
curred in genotype A (187). A subsequent analysis 
indicated that the only baseline factor associated 
with response was genotype A. HBsAg decline of 
more than 3.5 log IU/mL at week 24 was associ-
ated with a positive predictive value of 85% and 
a negative predictive value of 99% for HBsAg loss 
at week 72, indicating that this may represent a 
viable stopping rule for this combination therapy  
approach (188).

(B) Dual NA therapy
A number of studies have investigated combi-
nation oral nucleos(t)ide therapy to explore the 
potential for improved virologic and biochemical 
outcomes versus monotherapy. In a single-centre 
study in which the combination of LAM and ADV 
was compared with LAM alone, no difference 
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liver disease that may be fatal. Therefore, combi-
nation therapy can be considered in this setting. 
Suggested regimens include TDF plus ETV or TDF 
plus emtricitabine. Figures 6 and 7 provide an al-
gorithm to help select suitable agents to treat hepa-
titis B with or without cirrhosis.

Figure 7: Suggested algorithm for management of 
patients with hepatitis B viral cirrhosis. Cirrhotic 
patients are at high risk of hepatic decompensation 
with virological and biochemical (hepatic) flares 
and progression to HCC. Thus, potent nucleos(t)ide 
analogue therapy is recommended with TDF or ETV 
(if there is no history of lamivudine resistance). Some 
studies indicate that initiating combination therapy is 
beneficial to rapidly suppress viral load in patients with 
cirrhosis.

ETV = entecavir; HBV = hepatitis B virus; HCC = 
hepatocellular carcinoma; TAF = tenofovir alafenamide;  
TDF = tenofovir disoproxil fumarate.

HBV-related 
cirrhosis

HBV DNA >2,000 
IU/mL

HBV DNA < 2000 
IU/mL

Treat using ETV, 
TDF or TAF.  

Consider 
combination TDF / 

ETV therapy

Consider 
treatment.  

Treat with ETV, 
TDF or TAF 

Figure 6: Algorithm for selection of specific agents for 
hepatitis B. The recommended first-line oral nucleos(t)
ide analogue therapy is TDF, TAF, or ETV if patients 
have no pre-existing resistance to lamivudine. TAF or 
ETV may be considered in selected populations that 
have or are at risk for renal disease or metabolic bone 
disease. In selected HBeAg-positive patients (high 
ALT, genotype A or B, HBV DNA) may respond to finite 
therapy with PEG-IFN.

ALT = alanine aminotransferase; HBeAg = HBV e antigen; 
HBV = hepatitis B virus; ETV = entecavir; PEG-IFN = pegylated 
interferon; TAF = tenofovir alafenamide; TDF = tenofovir 
disoproxil fumarate.

HBeAg
negative

TDF,
TAF or

ETV

HBeAg 
positive

TDF,
TAF,

ETV or
PEG IFN

Recommendations for HBV Treatment

15. HBeAg-positive (phase 2) and HBeAg- negative 
(phase 4) patients in whom HBV DNA is more 
than 2,000 IU/mL with elevated ALT (> 1 time 
the upper limit of normal) for 6 months should 
be considered for treatment. (strong recom-
mendation; class 2, level A)

16. Patients with significant inflammation or fi-
brosis (above stage 1) should be considered 
for treatment, even if HBV DNA is lower than 
2,000 IU/mL or ALT is normal. (strong recom-
mendation; class 2, level A)

17. All patients with cirrhosis and detectable HBV 
DNA should be treated. (strong recommenda-
tion; class 2, level A)

18. TAF, TDF, or ETV is first-line therapy for treat-
ment-naïve HBV patients, because these are 
the most potent agents available with no or 
very low rates of antiviral resistance. (strong 
recommendation; class 1)

19. TDF or TAF is first-line therapy for LAM- 
resistant HBV. ETV should not be used in this 
case because of the risk of development of ETV 
resistance. (strong recommendation; class 1)

20. A weekly subcutaneous dose of 180 µg PE-
GIFN alpha-2a for 48 weeks may be used to 
treat non-cirrhotic HBeAg-positive CHB. 
(moderate recommendation; class 1)

21. A weekly subcutaneous dose of 180 µg PEG-
IFN alpha-2a in combination with TDF given 
for 48 weeks may be used to treat CHB in the 
absence of advanced fibrosis. (moderate rec-
ommendation; class 1)

6.3.  On-treatment monitoring and 
discontinuation of therapy

Table 7 summarizes the definitions of antiviral 
treatment response. 

6.3.1. IFN
Patients treated with IFN need to be monitored 
closely. Liver tests and a complete blood cell 
count should be performed monthly and thyroid-
stimulating hormone should be measured every 
3 months. When using PEG-IFN for HBeAg-pos-
itive patients, qHBsAg levels (if available), HBV 
DNA, and HBeAg–anti-HBe can be measured 
every 1–3 months and at the end of treatment to 
determine response. A lack of qHBsAg decline at 
12 weeks has a strong negative predictive value 
for achieving a sustained virological response 
to PEG-IFN therapy (see sections 5.0 and 6.2.1). 

 h
ttp

s:
//c

an
liv

j.u
tp

jo
ur

na
ls

.p
re

ss
/d

oi
/p

df
/1

0.
31

38
/c

an
liv

j.2
01

8-
00

08
 -

 M
on

da
y,

 J
an

ua
ry

 0
6,

 2
02

0 
9:

32
:1

4 
A

M
 -

 U
ni

ve
rs

ity
 o

f 
C

al
ga

ry
 I

P 
A

dd
re

ss
:1

36
.1

59
.4

9.
12

0 



CS Coffin, SK Fung, et al.

178     Canadian Liver Journal Fall 2018

early post-treatment relapse. Virologic relapse (re-
detection of HBV DNA) occurs before biochemical 
(ALT) flares are evident. Once a patient is stable 
for more than 1 year after treatment, frequency 
of monitoring may be reduced to every 6 months. 
 Periodic TE or FibroScan or other noninvasive tests 
of hepatic fibrosis can be performed every 2–3 
years, and HCC screening should be done accord-
ing to guidelines (section 4.0). The data on qHBsAg 
monitoring to guide treatment response and cessa-
tion are evolving (see section 5.0).

Recommendations for On-Treatment HBV Moni-
toring and Treatment Discontinuation

22. The target HBV DNA level while patients are 
on oral NA therapy is undetectable, measured 
using the most sensitive test available (ie, cur-
rently Taqman PCR). (strong recommenda-
tion; class 2, level A)

23. In HBeAg-positive patients who achieve 
HBeAg seroconversion with NA treatment, 
a minimum of 12 months of additional con-
solidation therapy is required to maximize 
the durability of the response before consid-
ering treatment cessation, with close moni-
toring for relapse thereafter. Alternatively, 
treatment may be continued until HBsAg 
loss. (moderate recommendation; class 2, 
level B)

24. In HBeAg-negative patients, continue NA 
therapy until HBsAg loss. (moderate recom-
mendation; class 2, level B)

25. HBeAg-positive individuals treated with PEG-
IFN alpha with HBsAg of more than 20,000 
IU/mL at week 24 should discontinue therapy 
because of the low probability of response. 
(strong recommendation; class 2, level B)

26. All persons with cirrhosis or HCC should be 
treated with NA until HBsAg loss or indefi-
nitely. (moderate recommendation; class 2, 
level B)

27. Patients must continue to be screened for 
HCC as per current guidelines irrespective of 
response to antiviral treatment. (strong recom-
mendation; class 2, level B)

6.4. Resistance to antiviral therapy

6.4.1. Antiviral resistance testing
Antiviral resistance in HBV is now a minor  issue 
owing to first-line use of agents with a high bar-
rier to resistance such as TDF, TAF, and ETV  
(see  Table  7 for definitions). However, LAM 

A 1  log10 reduction in qHBsAg levels after 3 
months of PEG-IFN is predictive of HBsAg clear-
ance. These tests should also be performed ev-
ery 3–6 months for 12–18 months after treatment, 
because HBeAg seroconversion may occur after 
PEG-IFN is withdrawn. A successful outcome is 
defined as anti-HBe-positive with normal ALT 
for more than 6 months, with HBV DNA less 
than 2,000 IU/mL. Ideally, HBV DNA should be 
undetectable, because the presence of significant 
viremia may precede disease relapse. HBeAg-
negative CHB patients treated with IFN should 
be monitored as for HBeAg-positive hepatitis, 
except that HBeAg and anti-HBe testing do not 
need to be repeated. Patients must continue to be 
screened for HCC as per current guidelines (see 
section 3.0), irrespective of response to PEG-IFN 
treatment.

6.3.2. NA
Patients treated with NAs should initially be 
monitored by testing for HBV DNA and ALT 
every 3 months while on treatment and then 
every 6 months once aviremia is achieved. This 
is to confirm an initial fall in viral load and, in 
the case of LAM, TBV, and ADV, to determine 
whether treatment with the same drug can be 
maintained or whether another drug should 
be added or substituted. HBV DNA levels must 
be monitored regularly to allow for early detec-
tion of viral breakthrough leading to resistance. 
 Patients receiving TDF require 3–6 months’ mon-
itoring of renal function and serum phosphate 
levels. Patients receiving TBV require monitoring 
of creatine kinase levels. Patients must continue 
to be screened for HCC per current guidelines 
(section 4.0), irrespective of response to antiviral 
treatment.

6.3.3.  Post-treatment and long-term monitoring 
after cessation of NA therapy

There are conflicting data on the durability of re-
sponse in HBeAg-positive patients who have 
 undergone HBeAg seroconversion while on oral 
antiviral therapy followed by 12 months of con-
solidation therapy (193,194,195). Relapse is com-
mon in more than 50% of HBeAg-negative patients 
who discontinue oral therapy even after many 
years of continuous treatment. HBsAg-positive pa-
tients who have recently discontinued oral antivi-
ral therapy should be monitored with a liver panel 
and HBV DNA initially every 3 months to rule out 
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Table 6 compares the relative potency of the dif-
ferent antiviral agents in non–head-to-head clini-
cal trials (199). Table 8 shows the substitutions in 
the HBV polymerase gene that are  associated with 
resistance to various agents (199). Rates of antiviral 
resistance from non–head-to-head studies for vari-
ous agents are compared in Figure 8.

6.4.2. Management of primary nonresponse
Primary non-response is defined as a less than 1 
log reduction in HBV DNA at week 12 or a less 
than 2 log reduction in HBV DNA at 24 weeks of 
antiviral therapy (Table 7) (200). Resistance test-
ing is recommended for those receiving weaker 
agents such as LAM to differentiate between resis-
tance and medication adherence. Counselling for 
those found to be non-adherent is recommended. 
For those receiving therapy with LAM or TBV, 
treatment can be switched at 24 weeks to a more 
 potent agent such as TDF or TAF or, in the absence 
of LAM resistance, ETV and HBV DNA repeated 
in 3 months. Primary non-response is unusual in 
those receiving high-potency agents such as TDF 
and TAF or ETV as first-line therapy.

6.4.3.  Management of resistance to specific 
antiviral agents

Table 9 provides a summary of the management 
approach for patients who develop antiviral ther-
apy resistance. 

Table 7: Definitions of response to hepatitis B nucleoside 
antiviral agents

Primary 
non-response 

Less than 2-log10 IU/mL decrease in 
HBV DNA measured at 6 months of 
treatment, most commonly related 
to non-adherence to medication

Genotypic 
resistance

Mutation of HBV DNA polymerase 
known to decrease the efficacy of the 
antiviral agent

Phenotypic 
resistance

Defined by an in vitro assay 
demonstrating decreased inhibition 
of viral replication in the presence 
of the specific mutation in the 
polymerase gene

Viral 
breakthrough

Increase in HBV DNA of 1 log10 IU/mL 
or greater above the nadir,  measured 
in two consecutive  samples 1 month 
apart, occurring after the first 3 
months of therapy; this is commonly 
because of  genotypic resistance, but 
it may also be the result of lack of  
adherence

Clinical or 
biochemical 
breakthrough

A rise in ALT from its nadir during 
treatment associated with a rise in 
HBV DNA of 1 log10 IU/mL or greater; 
it may also be the result of either 
genotypic resistance or lack of 
adherence

ALT = alanine aminotransferase; HBV DNA = viral load

Table 8: Mutations conferring resistance to hepatitis 
B nucleos(t)ide analogue therapy within the HBV 
polymerase/reverse transcriptase domain.

Agent Domain A Domain B Domain C Domain D

Lamivudine L80V/I V173L, 
L180M

M204V/I/S

Adefovir A181V/T N236T
Entecavir* I169T, 

T184G
S202I M250V

Telbivudine M204I

Note: The letters before the numbers represents the wild-
type amino acid. The letters after the number represents 
the substituted amino acid. The number refers to the amino 
acid position.
*Entecavir mutations only confer resistance in the presence 
of the M204V, M204I, and L180M mutations. In the absence 
of these additional mutations, the entecavir mutations do 
not cause resistance.

resistance may still occur in patients who were 
started on treatment in jurisdictions without ac-
cess to first-line drugs. Monitoring for antiviral 
resistance requires regular assessment of HBV 
DNA levels. When resistance develops, particu-
larly to LAM, secondary mutations may occur that 
may reduce susceptibility to other antivirals (196). 
Genotypic resistance can be detected by various 
methods, such as population sequencing, reverse 
hybridization, clonal analysis, and ultra-deep se-
quencing methods (see section 5.0).

The evidence that the benefits of viral suppres-
sion are lost when resistance occurs is considerable 
(197,198). Acute flares of hepatitis related to LAM- or 
ADV-resistant HBV can occur, and such flares may 
be fatal, particularly for cirrhotic patients. There-
fore, the development of resistance to antivirals is 
a strong indication to change therapy. Early detec-
tion of antiviral resistance is important to avoid ALT 
flares and decompensation of liver disease.
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Figure 8: Rates of resistance to antiviral agents by duration of therapy. In treatment-naïve patients, resistance rates are low with 
entecavir and tenofovir disoproxil fumarate. Patients with lamivudine resistance are at risk of cross-resistance and treatment 
failure with entecavir.

Table 9: Management of antiviral-resistant HBV

Resistance mutation
LAM resistant 
(L180M + 
M204V, M204I)

ADV 
resistant 
(N236T)

ADV 
resistant 
(A181V)

Mutation 
confers 
reduced 
sensitivity to 
listed drugs

ETV, TBV TDF LAM

Drugs 
remaining 
active

ADV, TDF* LAM, ETV, 
TBV

TDF,* ETV

*Studies are ongoing regarding use of tenofovir 
 alafenamide instead of TDF for LAM or ADV resistance.
ADV = adefovir; ETV = entecavir; HBV = hepatitis B virus; 
LAM = lamivudine; TBV = telbivudine; TDF = tenofovir

(a) Resistance to LAM
Much is known about LAM-resistant HBV because 
this agent was the first antiviral to be licenced for 
HBV infection. Resistance to LAM monotherapy 
occurs very commonly: in year 1, 15%–20%; in 
year 2, 30%; in year 3, 50%; and in year 4, more 

than 75% (181). Adverse clinical outcomes such as 
loss of initial response, reduced HBeAg serocon-
version, and hepatic decompensation have been 
reported in patients who develop LAM resistance. 
Previous studies demonstrate that the addition of 
ADV after virologic breakthrough when the viral 
load is still low is one option (201), but switching 
to ADV monotherapy is associated with a high rate 
of ADV resistance (20% after 1 year) and is not rec-
ommended (202). ETV is not an acceptable choice 
for LAM resistance because the response to ETV 
is reduced and ETV resistance is about 32% after 3 
years (176). LAM-resistant HBV leads to TBV and 
emtricitabine cross-resistance. A randomized study 
of 280 chronic HBV patients with a documented 
LAM-resistant mutation (rtL180M ± rtM204V/I) 
compared treatment with TDF and treatment with 
TDF plus emtricitabine (Truvada) for 5 years (203). 
Patients had received a mean of 4 years of LAM 
before enrolment, and 10% had evidence of cir-
rhosis. Rates of virologic suppression were identi-
cal between the two groups (83%), but only 15% 
had HBeAg seroconversion after 5 years. HBsAg 
loss or seroconversion was observed in only seven 
patients. Bone mineral density assessed by dual-
energy X-ray absorptiometry scan was performed 
every 6 months. A 1% and 2% reduction in bone 
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not clinically significant. In registration trials of 
TDF, population sequencing did not reveal any 
conserved site changes among 4% of patients who 
did not achieve undetectable HBV DNA, although 
resistance surveillance is ongoing (206).

(d) Multidrug Resistance
The most common form of multidrug resistance 
in clinical practice is LAM–TBV in association 
with ADV resistance (rtM204V/I + rtN236T or 
rtA181T/V), because this combination of agents 
has been available for the longest period of time. 
In a European study of patients who harboured 
multidrug-resistant HBV, 75% achieved HBV DNA 
suppression using TDF as salvage therapy (207). In 
a case report of an elderly patient with multidrug 
resistance who developed Fanconi syndrome while 
receiving TDF, treatment with TAF achieved viro-
logic suppression within 6 months with stabiliza-
tion of renal function (172). In a randomized 3-year 
study of 189 Korean patients with ETV- or ADV-
resistant HBV, virologic suppression (71%–73%) 
was similar in those randomized to receive TDF or 
TDF plus ETV (205). Although a small number of 
patients qualified for resistance testing, no resistant 
mutation to TDF was detected over the 3-year pe-
riod (208). Taken together, these data suggest that 
TDF and TAF are safe and effective for the treat-
ment of multidrug-resistant HBV infection.

Recommendations for Management of HBV 
 Antiviral Resistance

28. If a patient is confirmed to be treatment ad-
herent and has increasing HBV DNA, salvage 
therapy should be introduced. (strong recom-
mendation; class 1)

29. Antiviral resistance testing should be used to 
differentiate between non-adherence and the 
emergence of resistant virus in patients with 
virologic breakthrough or persistent viremia. 
(moderate recommendation; class 2, level B)

30. HBV DNA should initially be monitored every 
3 months to allow early detection of viral re-
sistance and every 6–12 months once aviremia 
is achieved if the patient is on high-potent NA 
or every 3 months if the patient is on LAM). 
(strong recommendation; class 2, level B).

31. The treatment of choice for LAM-resistant 
HBV infection is TDF. (strong recommenda-
tion; class 1).

Management of Hepatitis B in Special Patient 
Populations

mineral density was found at the spine and hip, re-
spectively, over the study period, and no increase 
in fractures was reported. Data from this landmark 
study and others suggest that there is no benefit of 
combination antiviral treatment over TDF mono-
therapy, and TDF has been established as the treat-
ment of choice for LAM-resistant HBV.

(b) Resistance to ETV
ETV resistance requires a LAM-resistant backbone 
(ie, a mutation in tyrosine–methionine–aspartate–
aspartate locus, or YMDD). YMDD mutation alone 
decreases ETV potency but is not enough to pro-
duce resistance. Nonetheless, in the presence of 
rtM204V and rtL180M, one or more additional mu-
tations (rt169T, rtT184G, rtS202I, rtM250V) are able 
to confer resistance to ETV (204) (Table 8). In reg-
istration studies of ETV in LAM-resistant patients, 
ETV-resistant mutations were detected in a propor-
tion of patients at baseline before the introduction 
of ETV. As a result, genotypic resistance was iden-
tified in 7% of patients and viral breakthrough in 
1.6% of patients at the end of the first year of ther-
apy (178). This percentage increased to more than 
30% at the end of the third year of therapy. In con-
trast, in nucleos(t)ide-naïve patients, resistance to 
ETV occurred in approximately only 1% of patients 
after 3 years. Therefore, patients with pre-existing 
LAM resistance are at risk of developing resistance 
to ETV (176). For this reason, ETV should not be 
used to rescue patients with LAM-resistant HBV. 

In a study of 90 patients in South Korea with LAM 
and ETV resistance, TDF demonstrated similar effi-
cacy as TDF plus ETV (HBV DNA < 15 IU/mL in 
71% and 73% of patients on TDF and TDF plus ETV, 
respectively). While on treatment, only one TDF-
treated patient developed virologic breakthrough 
related to medication nonadherence, and no resis-
tant mutations other than those found at baseline 
were detected after 2 years (205). Thus, HBV resis-
tance to ETV can be treated with TDF or TAF.

(c) Resistance to TDF and TAF
To date, there have been no confirmed cases (ie, 
with confirmatory in vitro laboratory testing) of 
TDF resistance in HBV-monoinfected patients after 
8 years of continuous therapy (169). In fact, there 
is no known signature mutation for TDF in the 
HBV polymerase gene. A case report documented 
rtA194T substitution in a patient coinfected with 
HIV and HBV, but this mutation has not been re-
ported in HBV-monoinfected patients and is likely 
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or TDF demonstrate no evidence of harm to the fe-
tus (184,215–219). In addition, substantial data from 
the Antiretroviral Pregnancy Registry support the 
safety of LAM and TDF in both the first and the 
second and third trimesters (220). Because it has ex-
tensive safety data and a lack of resistance in HBV, 
TDF is the preferred NA for pregnant women and 
those with child-bearing potential. Although there 
are reasonable safety data for LAM and TBV in 
pregnancy, these agents are not recommended be-
cause of the risk of treatment-emergent resistance, 
even when used for a short duration, in those with 
high viral load. LAM or TBV may be considered as 
alternative regimens when TDF is contraindicated.

7.3. Prevention of HBV MTCT
The administration of hepatitis B immunoglobulin 
(HBIg) and HBV vaccine within 12 hours of birth 
followed by completion of the HBV vaccine series, 
with the second and third doses at 1 and 6 months 
for infants born to HBsAg-positive women, has 
been shown to decrease the risk of mother-to-child 
transmission (MTCT) from more than 90% to about 
10%. The primary risk factor for immunoprophy-
laxis failure is high HBV DNA of more than 200,000 
IU/mL (210,213,221,222).

LAM, TBV, and TDF have all been shown to 
further decrease the risk of MTCT in babies born 
to mothers with high viral load (184,215–217). In a 
randomized trial conducted in China of 200 preg-
nant women with HBV DNA of more than 200,000 
IU/mL, the initiation of TDF at 30–32 weeks’ ges-
tation until 4 weeks postpartum was compared 
with placebo with standard immunoprophylaxis 
(HBIg + three doses of HBV vaccine) administered 
to all infants (217). This resulted in a reduction of 
MTCT from 7% in the placebo group to 0% in the 
TDF group. In contrast, a recent double-blind clini-
cal trial conducted in Thailand of 331 women with 
high viral load (median HBV DNA 1.0 × 108 IU/mL)  
randomized to placebo (n = 163) or TDF (n = 168) 
at 28 weeks of gestation showed that 3 (2%) of 147 
infants included in the final analysis in the placebo 
group were infected compared with none in the 
TDF group, with no between groups statistical sig-
nificance. However, in the second study, it was noted 
that all infants received very early immunoprophy-
laxis (within 1.2–1.3 hours after birth) and five doses 
of HBV vaccine, and TDF treatment was started ear-
lier (at 28 versus 30–32 weeks) (223). Given the most 
robust published data on efficacy and high potency 
with a rapid reduction in DNA, along with its safety 

7.0.  MANAGEMENT OF HBV AND 
PREGNANCY AND PREVENTION 
OF MOTHER-TO-CHILD 
TRANSMISSION (KE DOUCETTE)

7.1. Prenatal HBV screening
Although HBV prevalence in Canada is low overall, 
its prevalence in foreign-born and some Indigenous 
populations remains high and not well predicted by 
risk-factor–based screening. All pregnant women 
should therefore be screened for HBsAg in the first 
trimester of pregnancy; this screening is highly rec-
ommended in all Canadian health care jurisdictions 
(209). Those documented to be HBsAg positive 
require subsequent testing for HBeAg–anti-HBe, 
HBV DNA quantification, and ALT to assess their 
stage of disease. In pregnancy, the safety and ac-
curacy of non-invasive assessments of hepatic fi-
brosis, such as biochemical assays or liver stiffness 
measurement (ie, TE or FibroScan), have not been 
assessed and are therefore not recommended.

7.2.  HBV treatment in women of child-bearing 
potential or pregnancy

When making decisions regarding the initiation of 
antiviral therapy in women of child-bearing age or 
in early pregnancy, the severity of HBV-related liver 
disease and the safety of HBV antivirals should be 
considered. Most women will not have significant 
HBV-related disease or require immediate therapy 
(210–213). PEG-IFN is contraindicated in pregnancy, 
but it may be considered in women with favourable 
predictors of response (ie, low viral load, high ALT, 
genotype A; see section 6.0) who meet indications 
for therapy and are willing to defer pregnancy un-
til after the finite duration of treatment. Pregnant 
women and those of child-bearing age who require 
immediate treatment should be initiated on an NA 
that is safe in pregnancy. Women who become preg-
nant while already on HBV therapy should con-
tinue treatment until they reach standard endpoints 
for the non-pregnant population; therapy should 
be reviewed as early as possible to ensure such pa-
tients are on a drug that is safe to use in pregnancy.

The safety of ADV, ETV, and TAF have not been 
adequately studied in controlled prospective trials in 
pregnant women. In animal studies, no adverse de-
velopmental effects have been observed when TAF 
was administered during organogenesis at doses of 
up to 50 times the recommended therapeutic dose 
(214). Studies in pregnant women using LAM, TBV, 
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35. For women planning to become pregnant who 
have indications for therapy and favourable 
predictors of response (low HBV DNA, high 
ALT, genotype A), PEG-IFN for 48 weeks can 
be considered for those who are willing to de-
fer pregnancy to undertake therapy of finite 
duration (as is recommended for all chronic 
carriers who wish to consider finite therapy). 
(moderate recommendation; class 2, level B)

36. Pregnant women with HBV DNA of more than 
200,000 IU/mL should initiate antiviral therapy 
at 24–32 weeks (~28 weeks) of gestation to re-
duce the risk of vertical transmission; TDF is the 
drug of choice and may be stopped at delivery 
or up to 12 weeks postpartum if given strictly to 
prevent MTCT. (strong recommendation; class 1)

37. All women should be monitored for ALT flares 
postpartum, with ALT testing every 4 weeks 
for the first 3 months and then at 6 months, fol-
lowed by routine monitoring thereafter. (mod-
erate recommendation; class 2, level B)

38. All infants born to HBsAg-positive mothers 
should receive immunoprophylaxis with HBIg 
and HBV vaccine within 12 hours of birth and 
completion of second and third HBV vaccine 
doses at 1 and 6 months, respectively. (strong 
recommendation; Class 1)

39. Babies should be tested for HBsAg and anti-HBs 
between 1 and 4 months after the last dose of vac-
cine to confirm that they are uninfected and im-
mune. (strong recommendation; class 2, level A)

40. Breastfeeding is not contraindicated in either 
untreated HBsAg-positive mothers or those 
on NA. (strong recommendation; class 1)

8.0.  HBV-INFECTED HCWS 
(KE DOUCETTE)

Transmission of HBV from health care workers 
(HCWs) to patients is rare and estimated to be less 
than 1% by prospective studies and 0.24%–0.024% 
by modelling (230,231). Since the introduction of 
HBV vaccine in the 1980s, the global prevalence of 
HBV has declined, with an increasing proportion of 
the population immune to it. Because they are high-
risk groups for exposure, all susceptible HCWs and 
students should be vaccinated for HBV (8). 

Since the introduction of serology for HBV 
screening in the 1970s, there have been more than 45 
reports of HBV transmission from HCWs and more 
than 400 patients infected (232,233). No dentist- 
to-patient transmission has been reported since the 
late 1980s, but this may in part reflect exclusion of 

and resistance profile, TDF is the recommended 
agent for prevention of HBV MTCT. Therapy should 
be initiated at 24–32 weeks (commonly, at around 
28 weeks) of gestation. Earlier initiation of therapy 
should be considered in women with risk factors for 
pre-term labour, women who are pregnant with mul-
tiples (twins or more), and women undergoing in-
vasive procedures, such as amniocentesis. Initiation 
in the second trimester should also be considered in 
women with a viral load greater than 109 IU/mL.

The optimal duration of NA therapy postpartum, 
when being given strictly to prevent MTCT, is uncer-
tain. Prolonging therapy 4–12 weeks postpartum de-
creases the likelihood of ALT flares from 45% to 30% 
(217), but these flares are generally mild and self-
limited regardless. This should be considered along 
with the mother’s plans to breastfeed.  Although TDF 
is excreted in breast milk, it is excreted at low concen-
trations, representing only 0.03% of the proposed oral 
infant dose of TDF (224). Hepatitis B is also detect-
able in breast milk; however, this does not increase 
the risk of MTCT, and did not even in the era before 
vaccination (225–227). As such, breastfeeding is not 
contraindicated for either women with untreated 
HBV or those on TDF. Because delivery by cesarean 
section carries inherent risk and has not been shown 
to further decrease the risk of MTCT, it is not recom-
mended for HBsAg-positive mothers outside of the 
usual obstetrical indications (211). Prevention strate-
gies cannot eliminate risk, so babies should be tested 
for anti-HBs and HBsAg starting at age 9 months 
and 1–4 months after the last dose of the vaccine is 
administered to document that they are uninfected 
and immune (8). Although the incidence of vaccine 
escape mutations is rare, case reports have been re-
ported in fully immunized children; hence, if clini-
cally indicated, repeat serology may be considered 
for the child at an older age (228,229).

Recommendations for Management of HBV and 
Pregnancy

32. All pregnant women should be screened for 
HBsAg in the first trimester of pregnancy. 
(strong recommendation; class 1)

33. HBsAg-positive pregnant women should un-
dergo additional assessment for HBeAg, anti-
HBe, HBV DNA, and ALT and be referred to a 
specialist for management. (strong recommen-
dation; class 1)

34. TDF is the drug of choice for pregnant women 
and women of child-bearing potential who 
require immediate treatment for HBV. (strong 
recommendation; class 1)
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in vivo HBV DNA fluctuations. The Public Health 
Agency of Canada has set a threshold of 1,000 IU/
mL, above which HCWs infected with HBV are re-
stricted from performing EPPs. However, the prov-
ince of Quebec has set this threshold at 2,000 IU/mL 
(241). Current antiviral therapy for HBV can reduce 
HBV DNA to undetectable levels in most individu-
als within weeks to months and is recommended for 
HCWs who engage in EPPs who have a viral load 
above the established threshold. Because a level 
of 1,000 IU/mL does not fully align with clinically 
established indications for therapy and many indi-
viduals with a viral load in this range will have fluc-
tuations above and below this threshold, the pros 
and cons of initiating antiviral therapy should be 
discussed with any HCW performing EPPs who has 
detectable HBV DNA. The primary advantage is to 
minimize the risk of intermittent restrictions on per-
forming EPPs should the HBV DNA increase above 
the threshold, with the primary disadvantage being 
the need for long-term antiviral therapy strictly for 
the continued practice of EPPs.

All HCWs with chronic HBV, regardless of 
whether or not they perform EPPs or are on antiviral 
therapy, should be under the care of a physician with 
expertise in HBV management and followed up ac-
cording to standard recommendations in the general 
population. In addition, they should understand 
routine IPC practices to minimize the risk of trans-
mission and be instructed in how to report any po-
tential patient exposure in their workplace or facility.

Recommendations for the Management of HCWs 
with Hepatitis B

41. All HCWs who perform EPPs as defined by 
the US Centers for Disease Control and Pre-
vention (procedures performed on a difficult-
to-access area with limited visualization and 
significant risk of puncture to the HCW) have 
an ethical obligation to know their HBV status. 
(strong recommendation; class 2)

42. All susceptible HCWs, including students, 
should be immunized for HBV. (strong recom-
mendation; class 1)

43. HBV infection alone should not disqualify an 
infected person from study or practice in any 
health care field. (strong recommendation; 
class 2, level C)

44. HCWs infected with HBV should be under the 
care of an independent physician with exper-
tise in the management of HBV. (moderate rec-
ommendation; class 2, level B)

HBsAg-positive individuals from dentistry for a 
period. Two cases of HCW-to-patient transmission 
have been reported in Canada, one by an electro-
encephalogram technician involving a breach in 
infection prevention and control (IPC) practices 
and the other by an infected orthopedic surgeon 
(234,235). Synthesis of the data suggest that HCWs 
and students not involved in exposure-prone pro-
cedures (EPPs) do not transmit HBV unless there is 
a breach in IPC practices (232,236).

In general, the risk of transmission of HBV from 
a HCW to a patient requires (a) sufficient infectious 
virus circulating in the HCW’s blood, (b) a breach 
in the HCW’s skin integrity (eg, needle-stick, non-
intact skin because of a medical condition), and 
(c) exposure of a patient’s blood, wound, or mucous 
membranes to the HCW’s blood. The second and 
third criteria are what aid in defining EPPs; how-
ever, defining EPPs remains challenging because of 
vast, varying, and evolving surgical techniques in 
addition to individual patterns of practice. Essen-
tially, EPPs are procedures that occur in difficult-
to-access areas, with significant risk of a puncture 
wound to the HCW (237,238).  Updated US Centers 
for Disease Control and Prevention recommenda-
tions categorize only a limited number of proce-
dures as category I, increased risk, or EPPs for the 
transmission of HBV from provider to patient (236). 
These procedures include major abdominal, cardio-
thoracic, and orthopedic surgery; repair of major 
traumatic injuries; abdominal and vaginal hysterec-
tomy; cesarean section; vaginal deliveries; and ma-
jor oral and maxillofacial surgery, such as fracture 
reductions. Notably, no routine dental procedures 
are included as EPPs, and none of these Category 
I procedures is essential, or even commonly per-
formed, by medical or dental students.

Defining an HBV DNA threshold below which 
EPPs can safely be performed is also challenging 
because of incomplete data in the literature regard-
ing the HCW viral load at the transmission event, 
variability in viral load results even with commer-
cial assays reporting less than 10 IU/mL (239), and 
fluctuations in viral load in untreated individuals 
(240). Although the lowest documented HBV DNA 
documented in a surgeon transmitting HBV to a pa-
tient is 4 × 104 virus copies per millilitre (6.9 × 103 
IU/mL), viral load cut-offs of 200–2,000 IU/mL 
have been recommended in  Europe (53,232) and in 
the United States (236,237). These thresholds aim 
to be well below the lowest documented HCW-   to-
patient transmission event considering in vitro and 
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49. HCWs infected with HBV should understand 
routine IPC practices to minimize the risk of 
transmission and know how to report any po-
tential patient exposure in their workplace or fa-
cility. (strong recommendation; class 2, level A)

9.0.  MANAGEMENT OF HEPATITIS B 
IN IMMUNOSUPPRESSED 
PATIENTS (KE DOUCETTE)

Both HBsAg-positive and HBsAg-negative, anti-
HBc-positive individuals undergoing IS therapy 
or chemotherapy are at risk for HBV reactivation. 
The risk is generally classified as high (> 10%), 
moderate (1%–10%), or low (< 1%) (53,242–244), 
although there are new and emerging therapies for 
which the risk remains somewhat uncertain. HBV 
reactivation may result in ALT flares, fulminant 
liver failure, and death. Table 10 summarizes the 
IS therapies and relative risks of HBV reactivation. 
Because HBV infection is not well predicted by risk 

45. HCWs infected with HBV who do not perform 
EPPs do not need restrictions placed on their 
pra ctice. (moderate recommendation; class 2, 
level B)

46. HCWs infected with HBV should be restricted 
from performing EPPs if their HBV DNA is 
above 1,000 IU/mL. (moderate recommenda-
tion; class 2, level B)

47. For HCWs infected with HBV who perform 
EPPs, consideration should be given to treat-
ing at any viral load, after a discussion of the 
potential risks and benefits, given the common 
fluctuations in HBV DNA in untreated indi-
viduals and the risk of interruption in practice 
should such a fluctuation occur. (moderate 
recommendation; class 3)

48. HCWs infected with HBV who perform EPPs 
should have HBV DNA monitored every 3–6 
months regardless of whether or not they are 
on antiviral therapy. (moderate recommenda-
tion; class 2, level B)

Table 10: Risk of HBV reactivation with immunosuppression and chemotherapy in HBsAg-Positive and HBsAg-Negative, anti-HBc 
positive Patients 

Risk group and HBV serology Immunosuppressive or chemotherapy

High-risk group (> 10%)
HBsAg positive OR 
HBsAg negative and anti-HBc positive (high risk  
regardless of anti-HBs titre levels)

B-cell-depleting agents such as rituximab and ofatumumab

HBsAg positive Anthracycline derivatives such as doxorubicin and epirubicin
Corticosteroid therapy for ≥4 weeks (prednisone  
equivalent > 10–20 mg/day)

Moderate-risk group (1%–10%)
HBsAg positive OR 
HBsAg negative and anti-HBc positive (may be lower  
risk and monitoring may be sufficient if high  
anti-HBs titres > 100 IU/L)

TNF-α inhibitors: etanercept, adalimumab, certolizumab, 
 certolizumab, infliximab

Other cytokine inhibitors and integrin inhibitors: abatacept, 
ustekinumab, natalizumab, vedolizumab

Tyrosine kinase inhibitors: imatinib, nilotinib, ibrutinib
HBsAg positive Corticosteroid therapy for ≥ 4 wk (prednisone equivalent < 10 mg/day)
HBsAg negative and anti-HBc positive (may be lower  
risk and monitoring may be sufficient if high  
anti-HBs titres > 100 IU/L)

Corticosteroid therapy for ≥4 weeks (prednisone  
equivalent > 10–20 mg/day)

Anthracycline derivatives: doxorubicin and epirubicin
Low-risk group (< 1%)
HBsAg positive OR 
HBsAg negative and anti-HBc positive (low risk  
especially if high anti-HBs titres > 100 IU/L)

Traditional immunosuppressive agents: azathioprine, 
6- mercaptopurine, methotrexate

Intra-articular corticosteroids
Corticosteroid therapy for ≤1 week

HBsAg negative/anti-HBc positive (low risk  
especially if high anti-HBs titres > 100 IU/L)

Corticosteroid therapy for ≥ 4 wk (prednisone  
equivalent < 10 mg/day)

anti-HBc = antibody to HBV core; HBsAg = hepatitis B surface antigen; HBV = hepatitis B virus; TNF = tumour necrosing factor
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Figure 9: Algorithm for management of hepatitis B in immunosuppressed patients. All patients should be screened for HBV and 
offered vaccination if at risk. HBsAg-positive patients should receive prophylaxis with most regimens. HBsAg-negative, anti-
HBc-positive patients with immunosuppression may be treated with first-generation NA (LAM) because of the lower risk of 
resistance in those with undetectable HBV DNA. In patients that are HBsAg negative, anti-HBc positive with high anti-HBs titres 
(>100 IU/L) on low-moderate risk IMS, monitoring may be acceptable.
anti-HBc = antibody to HBV core; anti-HBs = antibody to HBsAg; ETV = entecavir; HBsAg = hepatitis B surface antigen; HBV = hepatitis 
B virus; IS = immunosuppression; LAM = lamivudine; NA = nucleos(t)ide analogue; NACI = National Advisory Committee on Immuniza-
tion; TAF = tenofovir alafenamide; TDF = tenofovir disoproxil fumarate.

All negativeAll patients receiving IS 

Check HBsAg, anti-HBs 

& anti-HBc

Vaccinate in 
accordance with 
NACI guidelines

HBsAg (+) HBsAg (-)

Total anti-HBc (+)

Consult HBV expert: 
Indications for therapy 

independent of IS?

Yes - treat No – review 
IS regimen

Moderate/High risk IS 
regimen

Low risk IS Low/Moderate IS 
regimens

Potent IS (B cell-
depleting agents such as 

rituximab and 
ofatumumab; 

haematopoietic stem cell 
transplant or organ 

transplant)≥

Treat with TDF, TAF or 
ETV 

Continue x 1yr after end of 
IS (18mo if potent IS)

Monitor ALT q3mo & HBV 
DNA while on therapy and 

at least 12mo after 
stopping antiviral therapy

Prophylaxis not required

Monitor ALT q3mo & HBV 
DNA q6-12mo+ while on IS 

therapy

If increasing HBV 
DNA, reassess 

indications for therapy

Start LAM. (Alternative 
TDF, TAF or ETV) 

Continue x12-18 mos 
after end of IS

Monitor ALT q3mo & 
HBV DNA q3-6mos while 
on and at least 12 mos 
after stopping antiviral 

therapy

6mo or any potent IS

factor–based screening, all candidates for IS or che-
motherapy should be screened for HBsAg, anti-
HBc, and anti-HBs before therapy. Those who are 
non-immune should be vaccinated in accordance 
with Canadian  National Advisory Committee on 
Immunization recommendations (8).

Figure 9 outlines the approach to management 
of HBsAg-positive and HBsAg-negative, anti-HBc-
positive (with or without detectable anti-HBs) 
patients undergoing immunosuppression or che-
motherapy. For those at lower risk for reactivation, 
monitoring is recommended, whereas for those at 
higher risk for reactivation, prophylactic antiviral 

therapy is recommended. Although the use of LAM 
in this setting has been extensively studied and de-
creases the risk of reactivation and death (245,246), 
more recent studies have shown that potent NAs 
such as ETV are superior to LAM in preventing 
reactivation in those at high risk for reactivation 
(247,248). As such, a potent NA is preferred for those 
who are at high risk for reactivation (ie, especially 
if they are HBsAg positive with detectable HBV 
DNA). The risk of HBV reactivation continues for 
at least 6–12 months after completion of immuno-
suppression, and even longer in those undergoing 
potent immunosuppression with  B-cell-depleting 
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therapy (≤2 years). Thus, NA therapy should con-
tinue for at least 6–12 months after completion of IS 
therapy or until immune reconstitution (249). New 
immune-modulating therapies are rapidly being 
developed, and the effect of these drugs on HBV 
reactivation is not always clear at the time they are 
introduced into clinical use. For new agents for 
which the risk is unknown, monitoring ALT every 
1–3 months is recommended as a minimum, with 
HBV DNA monitoring every 3–6 months.

Recommendations for Management 
of  Hepatitis B in Immunosuppressed Patients

50. All patients undergoing immunosuppression 
or chemotherapy should be screened for HB-
sAg, anti-HBc, and anti-HBs before therapy. 
(strong recommendation; class 2, level A)

51. HBsAg-positive patients are at high risk of 
reactivation and should undergo either moni-
toring or prophylactic NA therapy (especially 
with moderate to potent immunosuppression). 
(strong recommendation; class 2, level A)

52. HBsAg-negative, anti-HBc-positive patients 
may be at risk of reactivation and, based on their 
degree of risk, should undergo either monitoring 
(if they have high anti-HBs titres of > 100–1,000 
IU/L) or prophylactic NA therapy (especially if 
they are on B-cell-depleting therapies). (moder-
ate recommendation; class 2, level C)

53. Potent NAs (ETV, TDF, or TAF) are preferred 
when prophylaxis is used; LAM is an alter-
native especially for HBsAg-negative, anti-
HBc-positive cases. (strong recommendation; 
class 2, level A)

54. After completion of IS therapy, monitoring or 
prophylaxis, as applicable, should continue 
for at least 12 months or until immune re-
constitution, or longer in those who received 
B-cell-depleting therapies. (strong recommen-
dation; class 2, level B)

10.0.  HBV-ASSOCIATED RENAL 
DISEASE AND MANAGEMENT OF 
HEPATITIS B IN PATIENTS WITH 
END-STAGE RENAL DISEASE 
(E KELLY, MM MA)

10.1. Extrahepatic HBV and renal disease
Extrahepatic manifestations of HBV, including re-
nal disease, may occur in patients with CHB as a 
result of circulating immune complex deposition 

and complement activation (250). Renal extrahe-
patic manifestations of HBV include membrano-
proliferative glomerulonephritis, membranous 
nephropathy, polyarteritis nodosa, immunoglobu-
lin A nephropathy, mesangial proliferative glomer-
ulonephritis, and amyloidosis (251). Polyarteritis 
nodosa is a rare systemic complication of chronic 
HBV infection that causes inflammation of the 
small- and medium-sized blood vessels (252). Poly-
arteritis nodosa can affect multiple organ systems, 
leading to multiorgan failure. In glomerulonephri-
tis (GN) associated with hepatitis B infection, the 
deposition of circulating immune complexes in the 
glomeruli of kidneys cause the severe destruction of 
the glomeruli. GN occurs mainly in male children 
in HBV-endemic areas. In children, GN is usually 
self-limited without progression to renal failure. In 
adults, hepatitis B– induced GN can be severe and 
can progress to renal failure. An immune complex 
serum sickness–like syndrome can cause arthritis 
and dermatitis, but the syndrome tends to resolve 
without significant sequelae. Cryoglobulinemia has 
been reported in association with hepatitis B infec-
tion. In general, a kidney biopsy demonstrating 
HBV antigen deposition is required for diagnosis 
(253). Treatment with antiviral therapy should be 
considered, and agents with high potency but lower 
nephrotoxicity such as ETV or TAF are preferred.

10.2.  Management of HBV in patients with 
renal failure

All NAs used for treatment of HBV undergo renal 
clearance. The NAs have been demonstrated to af-
fect renal function in some patients on long-term 
HBV therapy. Mechanisms of injury include altera-
tion in tubular transport and mitochondrial injury. 
Cases of severe tubular damage leading to Fanconi 
syndrome have been described with long-term use 
of TDF, mostly in individuals co-infected with HBV 
and HIV (254–257). In such cases, there are reports 
of successful improvement in renal function (eGFR) 
with a switch to ETV (254). Although eGFR declines 
are more common with TDF, other NAs have also 
shown a risk for progressive renal injury. Therefore, 
careful monitoring for all patients on antiviral ther-
apy is indicated. Renal function should be monitored 
every 6 months while patients are on HBV antiviral 
therapy. In addition, among patients initiating TDF, 
monitoring serum phosphorus levels and urine pro-
tein and glucose before treatment initiation, and at 
least annually while on therapy, is recommended. If 
signs of declining renal function or development of 
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HBV infection, the mortality rate differs according 
to the study population. Patients who have cir-
rhosis are estimated to progress to decompensated 
cirrhosis at a rate of 3% annually, usually during 
the first 5 years after the development of cirrho-
sis. The 5-year survival rate is 84% in patients with 
compensated cirrhosis, but it decreases to 14%–
35% in individuals with decompensated cirrhosis 
( section 2.0) (263–265)

In a known cirrhotic patient, decompensated 
cirrhosis is defined by at least a new-onset episode 
of jaundice or by the presence of ascites, hepatic 
encephalopathy, or variceal bleeding. Several stud-
ies have shown that patients with high levels of vi-
ral replication, demonstrated by either a positive 
HBeAg or a high HBV DNA serum concentration, 
have a four to six times increased risk of hepatic 
decompensation during follow-up. Besides viral 
replication, additional risk factors for the progres-
sion of the severity of the liver disease include ALT 
flares, the presence of HDV or HCV co-infection, 
age, male sex, and the severity of fibrosis (section 
3.0). In patients with advanced cirrhosis, risk fac-
tors for short-term mortality are hepatic dysfunc-
tion (low serum albumin, low platelets, increased 
serum bilirubin), the presence of ascites or hepatic 
encephalopathy, advanced age, and signs of por-
tal hypertension (50,53,54,264–266). Patients with 
decompensated cirrhosis should be referred for 
consideration of liver transplantation and treated 
with NAs as soon as possible. High Child-Pugh or 
Model for End-Stage Liver Disease scores are pre-
dictors of poor survival. The Model for End-Stage 
Liver Disease score is used to prioritize patients for 
liver transplantation in Canada (267,268).

In patients with decompensated cirrhosis, NA 
treatment must be started as soon as possible, ir-
respective of ALT level, HBeAg status, and HBV 
DNA. Studies have shown that early treatment re-
sults in better results than delayed treatment with 
improved 5-year survival rates (60% versus 46%, 
respectively). PEG-IFN alpha is contraindicated 
in patients with severe liver disease. Among NAs, 
ETV or TDF is the preferred treatment option in 
view of their potency and low rate of development 
of resistance. In patients with prior LAM resistance, 
TDF is the preferred choice (see section 6; Figures 
6–7, Table 9). Lifelong treatment is recommended. 
Although NAs have a good safety profile, there are 
few reports on their tolerability and safety in pa-
tients with severe liver disease (171,269–273). Lactic 
acidosis has been reported as a very rare side effect 

hypophosphatemia or proteinuria occur, a switch to 
another agent should be considered.

Among patients with established chronic kid-
ney disease initiating antiviral therapy, options for 
therapy include TDF, ETV, or TAF. TDF and ETV 
require dose adjustment for eGFR of less than 50 
mL/min (258), whereas TAF does not require dose 
adjustment if eGFR is less than or equal to 15 mL/
min. Although pharmacokinetic studies and case 
reports have not shown significant differences be-
tween patients with eGFR of less than 15 mL/min 
and those on renal replacement therapy (259,260), 
TAF has not been approved for use with those pa-
tients. In recent registered clinical trials, TAF was 
shown to be superior to TDF in preservation of 
glomerular and tubular renal function at 48 weeks 
and showed less progression to chronic kidney dis-
ease up to 48 weeks (170,171,260). Data have also 
shown reduced proteinuria, albuminuria, and tu-
bular protein losses in individuals co-infected with 
HIV and HBV on TAF (261,262). Longer term clini-
cal data on the efficacy of TAF are lacking. Either 
ETV or TAF is recommended as a first-line treat-
ment for patients with impaired eGFR (< 60 mL/
min), with a preference for TAF for patients with 
prior exposure or resistance to LAM. Among pa-
tients on hemodialysis or with eGFR of less than 
15 mL/min, currently available treatment options 
include renally dosed ETV or TDF (see Section 6.0).

Recommendations for Management of Hepatitis 
B and Renal Disease

55. Biopsy-proven renal disease caused by CHB is 
an indication for hepatitis B treatment. (strong 
recommendation; Class 1)

56. Renal function should be monitored every 
6–12 months while patients are on NA therapy; 
urine protein and glucose and fasting phos-
phate should be monitored annually. (strong 
recommendation; class 2, level B)

57. Among patients with signs of worsening re-
nal function (decline in eGFR) while on TDF, a 
switch to ETV or TAF is recommended. (strong 
recommendation; class 2, level A).

11.0.  MANAGEMENT OF HEPATITIS B 
AND DECOMPENSATED CIRRHOSIS 
(C FOURNIER AND JP VILLENEUVE)

Worldwide, CHB infection is responsible for a 
third of all cases of cirrhosis and more than half 
a million deaths annually. In patient with chronic 
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NA is the standard of care after liver transplant and 
prevents reinfection of the graft in more than 95% of 
cases (277–279). ETV or TDF is the preferred treat-
ment option. TDF is the best alternative for patients 
with prior LAM resistance. ETV (and possibly TAF) 
appear preferable in patients with post-transplant 
renal impairment (53,54,275,280,281). The route of 
administration, dosing, and duration of treatment 
with HBIg vary from one transplant centre to the 
other. Subcutaneous and intramuscular HBIg have 
an efficacy similar to that of intravenous HBIg and 
are usually preferred in the long term (282). The 
combination of HBIg and potent NAs has allowed 
a decrease in the dose of HBIg after transplant with 
the aim of achieving anti-HBs levels of about 50–100 
IU/L. In selected patients with a low risk of HBV 
recurrence (ie, undetectable HBV DNA at trans-
plant, HBeAg negative, no HCC, no HIV or HDV 
co-infection, good adherence to treatment), HBIg 
can be discontinued 6–12 months after transplant 
(279,283,284). Because HBIg is costly and inconve-
nient and NAs have become more efficacious, the 
question of whether HBIg is needed at all has been 
raised. Studies using prophylaxis with NAs alone 
suggest that this is feasible with a low rate of HBsAg 
recurrence (284,285). HBsAg-negative transplanted 
patients receiving a liver from a donor with evidence 
of past HBV infection (HBsAg-negative and anti-
HBc-positive donor) are at risk of HBV reactivation 
because of immunosuppression and should receive 
lifelong prophylaxis with NAs. A  first- generation 
NA (LAM) is a reasonable choice in recipients of 
anti-HBc-positive grafts especially if high anti-HBs 
titres (286,287).

Recommendations for Management of Hepatitis 
B and Liver Transplantation

61. All HBV patients considered for liver trans-
plantation should be treated with NAs. (strong 
recommendation; class 1)

62. A combination of HBIg and NAs (ETV or TDF) 
is the standard of care after liver transplant. 
(strong recommendation; class 2, level A)

63. In selected patients with a low risk of HBV 
recurrence, HBIg can be discontinued 6–12 
months after transplant. (moderate recom-
mendation; class 2, level A)

64. HBsAg-negative transplanted patients receiving 
a liver from a donor with evidence of past HBV 
infection (ie, anti-HBc positive, HBsAg nega-
tive) should receive lifelong prophylaxis with 
NAs. (strong recommendation; class 2, level A)

of NAs by inhibiting mitochondrial polymerase γ 
in liver and muscle, which remains a concern in 
patients with advanced decompensated cirrhosis 
(274). In patients with HBV–HIV co-infection and 
compensated liver disease, TDF has been reported 
to result in a decrease in renal function and a de-
crease in bone mineral density, and these findings 
have rarely been described in HBV monoinfection 
(274,275). The dosage of NAs must be adjusted to 
renal function. Because of its favourable safety pro-
file with regard to kidney function, TAF could be 
an interesting option for patients with decompen-
sated cirrhosis, but data on the safety of TAF in this 
population are lacking (section 10.0) (171,272,273). 
Antiviral therapy with NAs significantly modifies 
the natural history of decompensated HBV cirrho-
sis. Undetectable HBV DNA can be achieved in a 
majority of patients. Treatment results in a clini-
cal and biochemical improvement in 40%–50% of 
cases, and approximately one-third of cases can be 
delisted for liver transplantation (273).

Recommendations for Management of Hepatitis 
B and Decompensated Cirrhosis

58. NA treatment of adults with decompensated 
cirrhosis should be initiated promptly, regard-
less of HBV DNA, HBeAg status, or ALT level. 
(strong recommendation; class 1)

59. Potent antiviral therapy with an NA with a 
low rate of drug resistance must be initiated. 
TDF or ETV are the preferred options. (strong 
recommendation; class 1)

60. TAF is a potential option for patients with de-
compensated cirrhosis, but long-term data on 
the safety of TAF in this population are lacking. 
(moderate recommendation; class 2, level B)

12.0.  MANAGEMENT OF HEPATITIS B 
IN LIVER TRANSPLANTATION 
(C FOURNIER AND JP VILLENEUVE)

Because of the efficacy of NA treatment, HBV-related 
severe liver disease has become an uncommon indi-
cation for liver transplantation in Canada. HCC is 
the most common indication for liver transplant in 
HBV patients. Before the advent of hepatitis B immu-
noglobulin (HBIg) and NAs, recurrent HBV infec-
tion after liver transplantation was a major problem, 
but it is now very rare (276). All HBV patients con-
sidered for liver transplantation should be treated 
with NAs to achieve undetectable HBV DNA levels 
at the time of transplant. A combination of HBIg and 
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HBV is established and irrespective of CD4+ T cell 
count. Monitoring for HBV-specific immune re-
constitution during the initial three months after 
anti-retroviral initiation is required (292). There is 
a small risk for proximal tubular nephropathy (ie, 
Fanconi syndrome) and osteopenia with the use of 
TDF. This risk is greater with TDF than with TAF. 
Emerging data suggest HIV and HBV efficacy as 
well as safety in TAF recipients co-infected with 
HIV and HBV (293). Therefore, TAF may represent 
a preferred antiviral in the context of HIV–HBV 
co-infection.

Some populations of HIV-infected individuals 
are at greater risk for exposure to HBV, for example, 
men who have sex with men and persons who in-
ject drugs (294). All people living with HIV should 
be screened for HBV infection and immunity. If a 
patient is anti-HBs negative, then HBV immuniza-
tion should be pursued because it is effective in 
preventing infection (295) (see section 1.0). HIV–
HBV co-infection is not a contraindication to liver 
transplantation assuming all other eligibility cri-
teria are met. Post-transplant outcomes including 
survival are comparable to those of people with 
HBV monoinfection (275,278). In addition, HBsAg-
positive individuals who would potentially benefit 
from HIV pre-exposure prophylaxis with TDF and 
emtricitabine should have such prophylaxis initi-
ated, regardless of HBV status. However, HBV sta-
tus should be closely monitored for virological and 
biochemical flares once pre-exposure prophylaxis 
is no longer needed. There is no risk of anti-HBV 
resistance with TDF treatment interruptions.

Recommendations for Management of HBV–
HIV Coinfection

67. All people living with HIV should be screened 
for HBV infection and immunity. If an indi-
vidual is anti-HBs and anti-HBc negative, 
then HBV immunization should be pursued. 
(strong recommendation; class 2, level A)

68. HIV treatment with dual HBV-active antivi-
rals should be initiated once the diagnosis of 
HIV and HBV is established and irrespective 
of CD4+ T cell count. (strong recommenda-
tion; class 2, level A)

69. On-treatment monitoring of HBV is the same 
as for people with HBV monoinfection, but 
HBV therapy is continued until HBsAg loss. 
(moderate recommendation; class 2, level C)

70. Patients who have interruptions in HIV ther-
apy that included dual-active HBV antivirals 

13.0.  MANAGEMENT OF ACUTE 
HEPATITIS B INFECTION 
(JP VILLENEUVE)

Antiviral therapy is generally not necessary for pa-
tients with acute hepatitis B, because 90%–95% of im-
munocompetent adults will recover spontaneously 
clinically and virologically, including seroconversion 
to anti-HBs (section 3.0). Severe or fulminant acute 
hepatitis B is a rare but potentially life- threatening 
manifestation of the disease. Severe acute hepatitis 
B is usually defined by the presence of coagulopa-
thy (international normalized ratio > 1.5) or marked 
jaundice for more than 4 weeks; fulminant hepati-
tis, by the presence of hepatic encephalopathy. Two 
small randomized controlled trials of LAM versus 
placebo in patients with severe acute hepatitis B 
found no difference in clinical or biochemical out-
comes between the two groups (288,289).

Despite the lack of benefit from these small un-
derpowered trials, an argument has been made to 
treat with NA patients with severe or fulminant 
acute hepatitis B who are candidates for liver trans-
plantation to reduce the risk of recurrent hepatitis 
B after transplant (53,54). TDF, ETV, or even LAM 
are reasonable choices and have been shown to be 
safe in acute hepatitis B.

Recommendations for Management of Acute 
Hepatitis B Infection

65. More than 90%–95% of immunocompetent 
adults with acute hepatitis B do not require 
specific treatment because they will fully re-
cover spontaneously. (strong recommenda-
tion; class 2, level A)

66. Patients with severe or fulminant acute hep-
atitis B can be treated with NAs if they are 
considered for liver transplantation. (strong 
recommendation; class 2, level C).

14.0.  HBV AND HIV CO-INFECTION 
(CL COOPER)

Approximately 6%–8% of Canadians living with 
HIV are co-infected with HBV (290). Co-infection 
is associated with more rapid progression of liver 
fibrosis and a heavy burden of HCC, cirrhosis, and 
end-stage liver disease (291). Antivirals including 
TDF, TAF, LAM , and emtricitabine possess activity 
against both HIV and HBV. As such, they should 
be included in HIV antiretroviral regimens. Treat-
ment by physicians with HIV and HBV expertise 
should be initiated once the diagnosis of HIV and 
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DNA should be measured if ALT does not 
normalize or increases during or after comple-
tion of DAA treatment. HBV antiviral therapy 
should be initiated promptly for patients in 
whom HBsAg or detectable HBV DNA with 
elevated ALT emerges. (moderate recommen-
dation; class 2, level C)

16.0.  HBV–HDV CO-INFECTION 
(CS COFFIN)

HDV is a small satellite single-stranded RNA 
virus. It can only occur in the presence of con-
comitant HBV infection and is spread by similar 
blood-borne or parenteral routes as well as by 
sexual transmission (305). HDV co-infection can 
occur simultaneously with acute HBV infection 
or as a superinfection in chronically infected HBV 
carriers, and it is considered the most severe form 
of viral hepatitis in humans. The complete HDV 
antigen consists of the viral genome, 2 delta iso-
form proteins, encapsulated by a lipid envelope 
embedded with HBV surface proteins. HDV en-
try is also mediated by binding of the HBV pre-
S1 to the hepatocyte bile acid receptor (NCTP; 
section 2.0), thus explaining the reliance of HDV 
on HBV to complete its life cycle (306). It is es-
timated that approximately 15–20 million people 
worldwide have HDV co-infection, or 5% of all 
persons with HBV infection (307). There is sig-
nificant geographic variation worldwide; HDV is 
endemic in parts of Western and Central Africa, 
South America, certain parts of Asia (India and 
Pakistan), Turkey, Southern Italy, and countries 
from the former Soviet Union. In particular, the 
Amazon Basin and Mongolia have the highest re-
ported rates of HDV infection, affecting approxi-
mately 60%–65% of HBsAg-positive individuals 
(307). In the United States and Europe, it is esti-
mated that about 8% of HBV carriers have HDV 
co-infection, especially among persons who inject 
drugs (305). Prevalence rates in Canada are simi-
larly low, based on limited epidemiological stud-
ies (308,309). Commercially available diagnostic 
tests for HDV screening are not widely available 
in many regions worldwide, and HBsAg-positive 
individuals are not routinely screened; hence, the 
prevalence of HDV is likely underestimated. The 
recommended screening test is antibody (immu-
noglobulin G) to HDV antigens. To confirm active 
infection or viremia, HCV RNA by PCR method-
ology is recommended, which is quantified on 

should be monitored for HBV reactivation if 
they are unable to continue with an anti-HBV 
antiviral. (strong recommendation; class 2, 
level B)

15.0.  HBV–HCV CO-INFECTION 
(CL COOPER)

Because of shared risk factors, HBV and HCV can 
be found concurrently (296,297). Fibrosis progres-
sion is accelerated, and HCC risk is increased (298). 
Screening for one is recommended in the presence 
of the other (53,54). There is a risk of HBV flare in 
HBsAg-positive individuals initiating DAA ther-
apy for hepatitis C (299). On the basis of subop-
timal data, this risk appears to be low; often only 
HBV DNA increases but, in its most severe form, 
it can result in fulminant hepatitis (300,301). Co-
initiation of a HBV antiviral concurrent with DAA 
dosing should be considered, with HBV NA ther-
apy maintained for 12 weeks after the completion 
of anti-HCV DAA treatment (302). An acceptable 
alternative is to monitor these patients without 
initiating HBV antiviral therapy. Irrespective of 
whether an HBV antiviral is initiated, liver en-
zymes should be monitored at least every 4 weeks, 
and while a patient is on DAA therapy, HBV DNA 
levels should be monitored for up to 24 weeks after 
completion (53). Similar ALT monitoring is advised 
for HBsAg-negative, anti-HBc-positive individu-
als, especially if cirrhotic. The incidence of HBsAg 
and HBV DNA re-emergence with DAA treatment 
is uncommon (< 10% are reported to show low-
level HBV viremia) in the anti-HBc-positive popu-
lation (303,302,304).

Recommendations for Management of HBV–
HCV Coinfection

71. All HCV patients should be tested for HBsAg 
before HCV DAA therapy is initiated. (strong 
recommendation; class 2, level B)

72. HBsAg-positive patients should undergo 
monthly ALT and every-3-month HBV DNA 
monitoring while on HCV DAA and until 24 
weeks after treatment. HBV antiviral therapy 
should be initiated promptly for patients with 
a rise in ALT and HBV DNA (> 1 log IU/mL) 
during or after completion of DAA therapy. 
(moderate recommendation; class 2, level C)

73. HBsAg-negative and anti-HBc-positive (with 
or without anti-HBs) patients should be moni-
tored with ALT while on HCV DAA and un-
til 24 weeks after treatment. HBsAg and HBV 
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(96 weeks) with PEG-IFN alpha and TDF did not 
demonstrate any improvement in response rates 
(315). However, long-term follow-up of the pa-
tients treated with high-dose IFN (mean 5.2 years, 
range extending to 12 years) demonstrated more 
frequent loss of HDV RNA, increased survival 
rates, and lower likelihood of clinical liver disease 
progression (316). Despite HDV patients’ poor 
response rates to IFN therapy, the potential for 
long-term clinical benefits in responders supports 
a recommendation for treatment in patients with 
chronic HDV infection. However, careful selection 
of patients for treatment, taking into consideration 
ALT levels, the degree of histologic fibrosis, and 
tolerance of side effects, is recommended. A clini-
cal score (ie, baseline event anticipation) has been 
developed to predict patients who are at increased 
risk of liver-related complications, and should be 
considered in treatment decisions (317). HDV is 
considered an “orphan” disease; hence, new thera-
pies are urgently needed. Clinical trials have been 
performed targeting HBsAg (given HDV reliance 
on the HBV surface to complete its life cycle); they 
have included entry inhibitors (MyrcludexB), anti-
sense molecules (see Section 18.0), and nucleic acid 
polymers to block particle release, as well as pre-
nylation inhibitors (318).

There is a reported risk of HBV reactivation 
with suppression of HDV; thus, monitoring for 
HBV flares is recommended during PEG-IFN 
therapy, and some recommend consideration of 
anti-HBV therapy to block residual HBV replica-
tion, especially in patients who have underlying 
advanced fibrosis or cirrhosis (318). All HDV–HBV 
co-infected patients with cirrhosis should undergo 
HCC surveillance—starting at recommended ages 
for HBV monoinfected patients of African or Asian 
descent—as well as consideration of early-age 
screening of those with more advanced liver dis-
ease (greater than stage 3 fibrosis) (319).

Recommendations for HBV and HDV Coinfection

74. HBV-positive patients from HDV-endemic 
 areas who have a history of injection drug use, 
abnormal ALT despite antiviral therapy, and 
advanced liver disease should be screened for 
HDV co-infection. (strong recommendation; 
class 2, level B).

75. HDV screening should use an approved assay 
for HDV antibody detection followed by con-
firmatory HDV RNA by PCR. (strong recom-
mendation; class 2, level B)

the virus copies per millilitre or, more recently, an 
international standard of international units per 
milliliter (305).

Both acute HDV–HBV coinfection and HDV su-
perinfection lead to a more severe viral hepatitis 
and liver disease. Compared with individuals with 
HBV monoinfection, co-infected individuals are 
more likely to progress to cirrhosis (> 80%), even 
within 2 years of infection, and are at higher risk of 
developing HCC and liver decompensation (307). 
As a result of complex viral interactions, HDV co-
infection can lead to suppression of HBV replica-
tion and vice versa (310), with fluctuating levels of 
HBV DNA, quantitative HBsAg, and HDV RNA 
over time with active hepatitis. Non-invasive as-
sessment of fibrosis (ie, FibroScan) and other scores 
are not well validated or do not perform well in 
patients with chronic HDV; hence, liver biopsy 
is considered the gold standard for assessing the 
stage of disease (311).

Treatment options for HDV are limited, other 
than liver transplantation for patients with end-
stage liver disease who meet other transplant cri-
teria. The HBV NAs are not effective against HDV. 
The only currently approved therapy is IFN (PEG-
IFN) administered for a minimum of 48 weeks, 
with some studies extending therapy to 96 weeks 
(312). However, PEG-IFN is only effective in about 
20%–30% of HDV co-infected individuals, as con-
firmed by serum HDV RNA negativity at the end 
of treatment, according to sensitive PCR (HDV 
RNA) tests. The most comprehensive evaluation of 
PEG-IFN alpha treatment with long-term outcome 
reporting has been conducted in two studies by 
the Hep-Net-International Delta Hepatitis Inter-
vention Trial (HIDIT) study group. In the HIDIT-1 
study, patients received either PEG-IFN alpha-2a 
and ADV or either drug alone. In the PEG-IFN 
treated arm, about 25% of patients achieved HDV 
RNA negativity that was sustained for 24 weeks 
after the end of treatment, compared with 0% of 
those treated with ADV (313). A long-term, 5-year 
follow-up of patients from the HIDIT–1 study 
showed that, despite testing HDV negative at end 
of treatment, 70% of patients who were treated in 
either of the PEG-IFN arms were positive at least 
once during follow-up, with 44% being HDV RNA 
positive at end of follow-up (314). This highlights 
the need for close follow-up of patients even when 
HDV RNA negativity is achieved. A second study 
(HIDIT–2; published in abstract form) aimed 
at determining the benefit of longer treatment 
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17.2.  Natural history of HBV infection 
in pediatrics

The great majority of children are asymptomatic 
at presentation. An exception is children who may 
present with acute liver failure. Asian children, 
mostly infected by vertical transmission, show de-
layed HBeAg seroconversion around puberty (321, 
322), either spontaneously or induced by treatment, 
in comparison with those infected by horizontal 
transmission, in whom HBeAg seroconversion is 
observed before age 10 years. Other studies have 
reported lower rates of HBeAg seroconversion by 
age 18 years (~50%), especially in Asian children 
infected by vertical transmission (323). 

Several factors predict HBeAg seroconver-
sion, such as an increase in serum ALT levels (in 
general, more than two times normal values); a 
decrease in circulating HBV DNA or viral replica-
tion (324), and liver inflammatory activity shown 
by liver biopsy (indicated only in particular cir-
cumstances before the beginning of treatment). It 
should be noted that the presence of moderate or 
severe hepatitis, as well as the presence of fibrosis, 
on histology is infrequent in children with chronic 
HBV infection, although recent data suggest that 
approximately 25% of children in the United States 
and Canada who underwent liver biopsy due to a 
clinical indication have fibrosis higher than Stage 2 
(325). Treated children show a tendency to sero-
convert from HBeAg to HBe antibody faster than 
untreated patients, but at the end of the pediatric 
age range (< 18 years), the difference is not statisti-
cally significant (Figure 3A).

Approximately 20% of children seroconvert 
from HBsAg positive to negative and express HBs 
antibody before age 18 years, with no significant 
differences between treated and untreated chil-
dren. Spontaneous clearance of HBsAg occurs 
mainly after horizontal transmission in children 
who have already shown HBeAg seroconversion 
(326). Extrahepatic complications such as glo-
merulonephritis are rare—fewer than 1% of chil-
dren—but in most cases, they will require antiviral 
treatment (section 10.0). HDV co-infection is rare 
in Canadian children, but it has been associated 
with more severe forms of hepatitis and rapid 
progression to advanced fibrosis, with poor re-
sponse to available treatments (327). Cirrhosis oc-
curs in 3% of infected children, usually at a young 
age. In long-term follow-up, these children are 
at risk for development of HCC, which is rarely 
reported in non-cirrhotic children (328). In some 

76. PEG-IFN therapy (180 µg once weekly) for 48 
weeks should be considered in individuals 
without contraindications to IFN treatment. 
(moderate recommendation; class 1)

77. HBV should be monitored during PEG-IFN 
therapy, and anti-HBV NA should be consid-
ered to block residual viral replication, espe-
cially if patients are cirrhotic and given the 
risk of more aggressive disease progression. 
(moderate recommendation; class 3)

78. Research on HDV epidemiology, including 
detailed long-term natural history studies and 
new therapies, is urgently needed. (strong rec-
ommendation; class 3)

17.0.  MANAGEMENT OF HEPATITIS 
B IN PEDIATRIC PATIENTS 
(SR MARTIN AND F ALVAREZ)

17.1. Prevalence of HBV infection in children
Since 2013, no data have been available in Canada 
on the prevalence of either acute or chronic HBV 
infection in pediatric patients. However, several 
publications from pediatric centres throughout the 
country provide some information on the Cana-
dian experience. In 2009, Statistics Canada reported 
a prevalence of around 0.4% (95% confidence in-
terval: 0.2%–0.7%) in patients between ages 14 and 
49 years, thus including some adolescents. Data 
from the government of Canada in 2013 showed 
that the peak of acute and chronic infection is ob-
served around adolescence (Figure 1) (section 1.0). 
In 2009, higher prevalence was observed among 
non-White and foreign-born people. In the same 
age group, a higher percentage of previously re-
solved HBV infection was found—less than 2.7% 
in Canadian-born people and 9.9% in foreign-born 
people.

A recent report from a pediatric centre in On-
tario described a study population in which 85% 
of children with chronic HBV infection were Asian 
(320). Another series from Quebec indicated that 
around 43% were Asian and, in most cases, were 
adopted children from Asia (321); this centre has 
lately observed no changes in the followed popu-
lation with chronic HBV. Data published by the 
Canadian Public Health Services in 2013 are pro-
vided in Figure 1 and available online at https://
www.canada.ca/en/public-health/services/ 
publications/diseases-conditions/report-hepati-
tis-b-c-canada-2013.html.
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Guillain-Barré, cryoglobulinemia, polyarteri-
tis nodosa), or HIV, HCV, or HDV co-infection 
and detectable HBV DNA (no liver biopsy 
required)

3. Moderate to severe liver inflammation with 
F2–F4-stage fibrosis on liver biopsy

4. Family history of HCC in children with high 
viral load (333)

5. Liver transplant in HBV-infected recipients, re-
cipient of anti-HBc-positive donor organ and 
treatment with IS or cytotoxic medications in 
HBsAg-positive individual or anti-HBc-posi-
tive individual, as outlined in sections 9.0 and 
12.0 (no liver biopsy required).

17.3.2.  Summary of HBV Treatment Options 
in Pediatrics

1. IFN alpha can be used in treatment of chil-
dren younger than age 1 year at a dose of 6 
MIU/m2 subcutaneously three times per week 
(maximum of 10 mIU/dose) for 6 months. 
The pivotal large, multinational, randomized 
controlled trial of IFN alpha in children with 
HBeAg-positive infection found higher rates 
of HBeAg loss and negative HBV DNA in 
treated children compared with controls (26% 
versus 11%; p = 0.03) after 24 weeks of therapy 
(334). The factors associated with response 
were elevated ALT, low serum HBV DNA lev-
els, female sex, and young age (< 5 years)—
factors that also identify children who will 
spontaneously seroconvert. Long-term follow-
up studies suggest that untreated children 
may have similar rates of HBeAg seroconver-
sion as IFN alpha–treated children. Although 
treatment promotes earlier seroconversion 
by about 3 years, the long-term benefit in the 
disease’s natural history has not been demon-
strated (335,336). Moreover, IFN treatment is 
costly and difficult to administer, and it is as-
sociated with significant side effects (growth, 
neurotoxicity, cytopenia, and exacerbation of 
autoimmune disorders) that must be balanced 
with finite treatment duration, long-lasting 
response, and no risk of inducing resistance. 
PEG-IFN has been evaluated for hepatitis B 
in pediatrics (www.clinicaltrials.gov identifier 
NCT01519960) and has been used to treat chil-
dren with hepatitis C; hence, some providers 
consider using this antiviral drug.

2. LAM can be used for children younger than age 
2 years at a dose of 3 mg/kg/day (maximum 

cases, resolution of the infection (HBeAg and HB-
sAg seroconversion) can lead to involution of the 
fibrosis. HBeAg-negative hepatitis is observed in 
around 5% of children in long-term follow-up and 
is more common in children with HBV genotype 
D infection who live in countries around the Medi-
terranean basin (329).

17.3. Hepatitis B treatment in children
Although children with persistently normal ALT 
levels and low or undetectable HBV DNA usu-
ally have a favourable long-term outcome (329), 
the benefits of treating chronic HBV infection in 
children with respect to long-term complications 
such as cirrhosis and HCC remain to be clearly 
demonstrated. The spontaneous HBeAg serocon-
version rate among children is high, comparable 
to that induced by treatment, such that treatment 
may not be necessary (145,321,329–332). Pub-
lished trials on any of the previously mentioned 
therapies show 20%–24% HBeAg seroconver-
sion versus 10% for placebo. However, by age 18 
years, no difference in the rate of HBeAg serocon-
version was observed between groups; hence, the 
long-term benefits of earlier treatment in children 
with ALT less than three to four times the normal 
level remain unclear. Accordingly, the decision to 
treat takes into account the presence and degree 
of persistent inflammatory activity associated 
with high levels of HBV DNA (and its surrogate, 
HBeAg positivity) and balances this with the cost 
and limited long-term data on outcomes of chil-
dren exposed to treatment. Data predominantly 
based on studies with Asian cohorts (Taiwan) 
suggest that earlier treatment should be consid-
ered even for young persons with normal liver 
enzymes (43,51). At present, non-invasive evalua-
tion of the liver by TE (ie, FibroScan) for children 
with CHB has not been validated and does not 
evaluate inflammatory activity; hence, in children 
liver biopsy may be necessary to confirm signifi-
cant liver disease.

17.3.1.  Summary of indications for HBV treatment 
in children

1. Persistently elevated serum ALT levels in a 
child with elevated HBV DNA levels (ALT > 
1.5 times normal, during 1 year of observation; 
HBV DNA > 2,000 IU/mL; no liver biopsy 
required)

2. Children with cirrhosis, HBV-associated ex-
trahepatic complications (glomerulonephritis, 
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17.4. Monitoring of children with hepatitis B
Monitoring of children with chronic HBV infection 
serves to identify the status of the disease—accord-
ing to the classic description of HBV natural his-
tory (ie, immune-tolerant, immune active, inactive, 
and reactivation phases of hepatitis B)  (section 3.0, 
Table 3, Figure 3A)—and complications of the in-
fection, particularly cirrhosis and HCC. At a mini-
mum, all children with chronic HBV infection 
should be monitored annually with complete blood 
cell count, serum aminotransferases, AFP, HBV 
profile (HBV serology and HBV DNA), and liver 
ultrasound with TE or liver stiffness measurement 
(ie, FibroScan, if available). In general, whether 
HBeAg negative or positive, children with elevated 
ALT and HBV DNA should be monitored more fre-
quently (ie, monthly to  every 3 months depending 
on severity of ALT flare). Children who are on NA 
treatment should be monitored every 3  months, 
and more frequently if receiving PEG-IFN.

Recommendations for Management of HBV in 
Pediatric Patients

79. There is no indication for treatment of children 
without complications in the immune-tolerant 
(phase 1) and inactive (phase 3) phases of 
chronic HBV infection. (moderate recommen-
dation; class 2, level B)

80. Children with chronic HBV infection, either 
HBeAg positive or negative, should be fol-
lowed once a year by ultrasound examination 
of the liver (ideally with elastography or fibro-
sis assessment) and serum AFP, in addition to 
ALT and HBV DNA. (moderate recommenda-
tion; class 3)

81. In HBeAg-positive children with serum ALT 
more than 1.3–2 times the normal values, 
monitoring every 3 months for at least 1 year, 
to document decreasing or low levels of serum 
HBV DNA, is recommended before consider-
ing treatment to account for possible spontane-
ous seroconversion. (strong recommendation; 
class 2, level C)

82. Treatment should be considered for children 
with cirrhosis, extrahepatic disease, and co- 
infection. (strong recommendation; class 2, 
level C)

83. ETV and TDF are drugs that are orally admin-
istered and exhibit a high genotypic barrier to 
resistance and a favourable side effect profile. 
Thus, ETV should be considered as a first-line 
therapy for children older than age 3 years and 

100 mg) for 1 year. In HBeAg-positive children 
with elevated ALT, response rates to 1 year 
of LAM were similar to those to IFN alpha 
(23% of treated children cleared HBeAg and 
HBV DNA versus 13% with placebo) (337). 
A follow-up to this study showed the durabil-
ity of virologic response to be more than 90% 
2 years after stopping therapy (338). However, 
as with adult disease, LAM resistance devel-
oped in 19% of patients after 1 year. Although 
an additional 2 years of LAM increased the 
virologic response rates, the YMDD mutation 
rate increased to 64% after 3 years of therapy 
(339). Thus, LAM is not a suitable for use with 
young children because this group of patients 
has high viral loads and may require many 
years of therapy or treatment years later after 
a period of inactive disease. The presence of 
LAM resistance will severely limit future treat-
ment choices.

3. ADV may be used in children older than age 
12 years at a dose of 10 mg by mouth once 
daily for more than 1 year. In a large pediatric 
study, higher rates of HBeAg seroconversion 
versus placebo (15.9% versus 5.3%) were ob-
served after treatment with 48 weeks of ADV 
(340). No benefit was found in children ages 
2–11 years. Dose-related effects on renal func-
tion and bone health and concerns with the 
emergence of resistance in adult studies limit 
the use of ADV in pediatrics.

4. ETV has been used in children older than age 
2 years at a dose of 0.015 mg/kg (maximum 
of 0.5 mg/day) in children weighing less than 
32.5 kg and 0.5 mg/day in those weighing 
more than 32.6 kg for more than 1 year. HBeAg 
seroconversion and HBV DNA of less than 
50  IU/mL were 24.2% versus 3.3% in those 
 receiving placebo at week 48 (p < 0.0008). 
Emergent resistance was 0.6% and 2.6% at the 
end of the first and second years of treatment, 
respectively (341). Comparable adverse events 
were reported between those receiving ETV 
and placebo.

5. TDF has been used with children older than 
age 12 years at a dose of 300 mg daily for 
more than 1 year. After 42 weeks of treatment, 
HBeAg seroconversion was 21% versus 15% 
(nonsignificant) in the placebo group. No par-
ticular adverse event is recorded in treated pa-
tients; however, monitoring of renal function 
is suggested (342).

 h
ttp

s:
//c

an
liv

j.u
tp

jo
ur

na
ls

.p
re

ss
/d

oi
/p

df
/1

0.
31

38
/c

an
liv

j.2
01

8-
00

08
 -

 M
on

da
y,

 J
an

ua
ry

 0
6,

 2
02

0 
9:

32
:1

4 
A

M
 -

 U
ni

ve
rs

ity
 o

f 
C

al
ga

ry
 I

P 
A

dd
re

ss
:1

36
.1

59
.4

9.
12

0 



CS Coffin, SK Fung, et al.

196     Canadian Liver Journal Fall 2018

3. Antisense molecules: These agents bind to vi-
ral messenger RNA and interfere with viral 
protein production, including HBsAg (phase 
1 clinical trials have been conducted by Ionis 
Pharma and Glaxo-Smith-Kline).

4. Silencing RNAs: These agents interfere and 
destroy viral RNA and have been tested in 
phase 1 and 2 studies (Roche Pharmaceuticals 
and Arbutus Biopharma).

5. HBsAg inhibitors: These molecules inhibit 
HBsAg expression and production. Two 
agents from Replicor Pharma have also been 
tested for HBV and HDV (delta co-infection) 
in phase 2 clinical trials.

18.2.  Anti-HBV agents targeting the host immune 
system

1. Therapeutic vaccines: It is believed that 
adaptive and innate immune responses are 
important to clear chronic HBV infection. 
Therapeutic vaccines are being evaluated to 
reverse T cell exhaustion. A number of candi-
date molecules are in clinical study, including 
recombinant peptide-based vaccines, DNA-
based vaccines, viral vector-based vaccines, 
and cell-based vaccines. These agents are in 
phase 1 and 2 clinical trials (GlobeImmune, In-
ovio, Transgene, and Ichor medical systems).

2. Agents that activate the innate immune sys-
tem: These molecules activate various path-
ways of the innate system and aim to promote 
clearance of persistent HBV infection. Agents 
include toll-like receptor agonists, toll-like re-
ceptor 7 or 8 agonists, and RIG-1 and NOD-2 
agonists in phase 1 and 2 clinical trials (Glo-
beimmune, Transgene, Gilead Sciences, 
SpringBank Pharmaceuticals).

19.0.  SUMMARY (CS COFFIN AND SK 
FUNG)

Despite the availability of an effective vaccine for 
more than three decades, hepatitis B is a serious 
global pathogen that leads to significant morbid-
ity and mortality in many Canadians. Advances in 
HBV virological and serological diagnostic tests, 
non-invasive tests for assessment of liver disease, 
and antiviral therapy have led to improved prog-
nosis for many patients diagnosed with hepatitis 
B. However, important gaps in HBV management 
in Canada remain, including prevention (ie, uni-
versal infant or neonatal vaccination), diagnosis 

TDF for those older than age 12 years. PEG-
IFN treatment may also be considered, which 
must be weighed against the significant side 
effects and potential impact on central ner-
vous system development (strong recommen-
dation; class 1, level A)

84. NAs should be continued for 1 year after the 
disappearance of HBeAg and the appear-
ance of anti-HBe (seroconversion) before at-
tempting cessation. (strong recommendation; 
class 1, level A)

85. After seroconversion, whether spontaneous 
or treatment induced, children should be fol-
lowed every 3 months for at least 1 year. Af-
ter confirmation of immune inactive status 
(phase 3, persistently normal ALT, HBV DNA 
< 2,000 IU/mL), monitoring should be contin-
ued every 6 months. (strong recommendation; 
class 2, level B)

18.0.  OVERVIEW OF NEW THERAPIES 
(A RAMJI)

These guidelines discuss the utilization of ap-
proved regimens for the management of hepati-
tis B. A number of molecules in various stages of 
development are being investigated to treat HBV. 
Broadly, these can be divided into DAAs that tar-
get the virus and interfere in the replication pro-
cess or DAAs that target the host immune system 
to promote HBV elimination. A combination of 
these mechanisms will likely be needed if persis-
tent hepatitis B infection is to be cleared to achieve 
a functional or virological cure. A list of ongoing 
HBV clinical trials can be found at http://www.
hepb.org and https://www.clinicaltrials.gov.

18.1.  Direct-acting anti-HBV (target the viral 
replicative pathway; section 2.0)

1. Entry inhibitors: The mechanism of action is 
through highly specific binding and competi-
tion for the HBV NCTP receptor, thus prevent-
ing the HBV from entering into hepatocytes. 
Myrcludex-B (Hepatera Russia with MYR 
Germany) is in phase II study and has also 
been tested for treatment of HBV and HDV 
(delta coinfection).

2. Capsid inhibitors: These molecules target and 
block viral capsid assembly. There are multi-
ple molecules in phase 1 and 2 clinical trials 
(ie, including agents from Janssen, Arbutus 
Biopharma, and Assembly Biosciences).
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anti-HBc – antibody to HBV core
anti-HBe – antibody to HBeAg
anti-HBs – antibody to HBsAg
CASL –  Canadian Association for the Study  

of the Liver
CHB – chronic hepatitis B
DAA – direct-acting antiviral therapy
eGFR – estimated glomerular filtration rate
EPPs – exposure-prove procedures
ETV – entecavir
GFR – glomerular filtration rate
HBcrAg – HBV core-related antigen
HBeAg – HBV e antigen
HBIg – hepatitis B immunoglobulin
HBsAg – hepatitis B surface antigen
HBV – hepatitis B virus
HBV cccDNA –  HBV covalently closed circular 

DNA
HCC – hepatocellular carcinoma
HCV – hepatitis C virus
HCWs – health care workers
HDV – hepatitis delta virus
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