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Objective. There is increasing evidence to suggest that, among those with chronic hepatitis B virus infection, the natural history
and rate of progression to cirrhosis and hepatocellular carcinoma is influenced by hepatitis B virus genotype. The unique hepatitis
B virus genotype C4 circulates among Indigenous Australians. The aim of this work is to describe the process of establishing this
cohort and review the first 6 years of available data in an effort to understand the real-world clinical care and natural history of this
subgenotype.

Method. We followed a longitudinal cohort of Indigenous Australians from the Northern Territory of Australia with estab-
lished subgenotype C4 infections. We assigned phases of disease according to Gastroenterological Society of Australia and Asian
Pacific Association for the Study of the Liver criteria using clinical and laboratory information that had been collected for clinical
management.

Results.  Of 193 patients followed over a median of 38 months, 58 (30%) individuals transitioned from 1 disease phase to an-
other, 10 (5%) cleared hepatitis B e antigen, and 6 cleared hepatitis B surface antigen (3%). In this relatively young cohort (median
age 40.3 years), 26 (13%) had cirrhosis by the end of the follow up period, with the majority of these being in the immune control

phase of disease.
Conclusions.

In this cohort of hepatitis B subgenotype C4 patients, we report an aggressive and dynamic clinical phenotype.

High rates of cirrhosis at a young age appear to occur in the early phases of disease.
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INTRODUCTION

The worldwide literature increasingly supports the importance
of hepatitis B virus (HBV) genotype with respect to the nat-
ural history of chronic hepatitis B (CHB) [1, 2], as well as the
risk of cirrhosis [3, 4] and hepatocellular carcinoma (HCC) [5,
6]. Genotype C HBV, which predominates in Southeast Asia
[7], has been associated with a higher risk of progression to
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cirrhosis [4], longer duration of hepatitis B e antigen (HBeAg)
positivity [8, 9] and a higher incidence of HCC [10] compared
to genotype B. Some genotypes, such as B5 (previously classi-
fied as B6), prevalent in Alaskan natives have been suggested
to have a more benign course [11, 12]. There is no current ev-
idence to support any significant difference in response to nu-
cleotide/nucleoside antiviral therapy on the basis of genotype
[13]; however, genotype C HBV appears to be less responsive to
interferon therapy than genotypes A and B [14].

The Indigenous population of the Northern Territory (NT)
of Australia have a high prevalence of CHB with a recently es-
timated seroprevalence of 6% [15]. To date, where the HBV
genotype has been reported, NT Indigenous Australians have
been infected exclusively with subgenotype C4 [16]. Hepatitis
B subgenotype C4 only has ever been identified in Indigenous
Australians and has molecular characteristics previously associ-
ated with more rapid progression to cirrhosis and an increased
risk of HCC [17]. Genotype C4 has 2 distinct clades—C4a
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and C4b—that demonstrate clear geographical distribution,
with the C4b clade in the East Arnhem and Katherine/Central
Australia regions, while the C4a clade is found more commonly
in the western NT regions [18]. The natural history of HBV gen-
otype C4 is currently unknown.

The CHARM (Characterizing Hepatitis B in Northern
Australia Through Molecular Epidemiology) study originally
was established to determine the prevalent genotype(s) of HBV
in the NT. We have expanded this study into a longitudinal
cohort [16]. The aim of this work is to describe the process of
establishing the cohort and review the first 6 years of available
data in an effort to understand the real-world clinical care and
natural history of HBV/C4 in Indigenous Australians.

METHODS

Ethical approval was obtained from the Human Research Ethics
Committee of the NT Department of Health and Menzies
School of Health Research (HREC-09/105). A prospective co-
hort study was conducted. Patients were recruited between June
2010 and September 2016 through the Royal Darwin Hospital
Viral Hepatitis Service, which has regular outreach clinics to re-
mote communities across the NT, spread over an area of over 1
million km® At the time of enrollment into the study, baseline
information about location of birth and early life, mother’s birth
location, risk factors for viral hepatitis, treatment, and current
liver disease was collected. The results of routine blood tests for
full blood count, electrolytes, creatinine, liver function, coag-
ulation profile, and serology for hepatitis C virus, hepatitis D
virus, and human immunodeficiency virus were recorded.
Blood for HBV viral load was obtained and, where able,
genotype and full genome sequencing was performed at
the Victorian Infectious Diseases Reference Laboratory in
Melbourne. Viral sequences were determined with methods
as previously published [16, 18]. We assessed whether the fol-
lowing mutations were associated with patients with cirrhosis
as these mutations previously have been associated with more
rapid disease progression: basal core promotor (BCP) G1613A,
T1753A/G, A1762T, G1764A, C1766T, preS deletion, and core
deletion [17]. If there was an insufficient amount of HBV DNA
detected (<400 IU/ml), the sample was not genotyped.
Cirrhosis was considered to be present if either transient
elastography (TE) using a Fibroscan (Echosens, Paris) had
shown a median liver stiffness score of greater than 10kPa [19]
or there was at least 1 abnormality suggestive of cirrhosis on at
least 2 of the following 3 domains: clinical assessment, blood
tests, and imaging. A portable Fibroscan 402 was used to deter-
mine TE, operated by trained individuals. Valid readings ful-
filled the following criteria: the median of at least 10 readings; a
success rate of measurements >60% and an interquartile range
[IQR]/median ratio of <30%. Relevant findings in the (1) clin-
ical domain contained the presence of >5 spider naevi, asterixis,

ascites, or splenomegaly; (2) blood test domain comprised in-
ternational normalized ratio >1.3 (and not on anticoagulation
therapy), platelet count <150 x 10°/L, albumin <35g/dL or
serum bilirubin >17Umol/L; and iii) imaging domain from ei-
ther ultrasound or CT scan revealed splenomegaly, enlarged
portal vein diameter, reverse flow in the portal vein, or enlarged
caudate lobe of the liver. Advanced fibrosis was defined as a me-
dian liver stiffness score by Fibroscan >8kPa.

At the time of recruitment into the study, a management plan
based on the stage of CHB infection and the severity of concurrent
liver disease was recommended in line with Gastroenterological
Society of Australia (GESA) [20] and Central Australian Rural
Practitioners Association (CARPA) guidelines [21]. Clinical and
laboratory data obtained during the course of standard clinical
follow up subsequently were collected. This information included
all repeat episodes of the clinical and laboratory parameters col-
lected at the initial recruitment visit and, in addition, body mass
index (BMI), alpha fetoprotein (AFP), Hepascore [22], Fibroscan
results, and treatment. Clinical review and repeat blood tests
were recorded if available at 6 monthly intervals from the date of
recruitment and included in the analysis if they occurred within a
2-month window on either side of the allocated 6 monthly review
date. If HCC screening had been completed as part of standard
clinical care, these data were collected as well. Follow up occurred
until September 2016, last record of results, or death, whichever
was earlier.

Each patient was allocated a disease phase from the following
phases: immune tolerance, immune clearance, immune control,
immune escape, or resolved infection. The phase was allocated
at the date of enrolment and at the last point of follow up using
GESA criteria and the Asian Pacific Association for the Study of
the Liver (APASL) definitions as described in Table 1. For the
GESA criteria, an abnormal Alanine aminotransferase (ALT)
was defined as =30 IU/L for men and =19 IU/L for women;
for the APASL criteria, the abnormal ALT was >54 IU/L for
both men and women [20, 23]. If both HBeAg and anti-HBe
were negative or either 1 was equivocal, the individual case
was reviewed manually and assigned a phase using all available
information.

Data were entered into a purpose-built web-based data-
base and analyzed using STATA version 14 (Statacorp, College
Station, TX). Results are presented as mean+/- standard devi-
ation for normally distributed parameters and median +/- in-
terquartile range for non-normally distributed parameters. All
patients recruited who had confirmed CHB were included in
this longitudinal cohort, including those who did not have a
sufficient viral load for genotyping.

RESULTS

Between June 2010 and September 2016, we recruited 193 parti-
cipants from 38 remote communities in 6 regions of the NT. Of
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Table 1.
Association for the Study of the Liver Definitions

Definitions of the Phases of Chronic Hepatitis B and Recommended Follow Up using Gastroenterological Society of Australia and Asian Pacific

Phase Definition

Follow Up Recommendations

GESA: Immune tolerance
APASL: Immune tolerant >20 000 1U/ml
GESA: Immune clearance

APASL: Immune reactive

GESA: Immune control
APASL: Low replicative
GESA: Immune escape
APASL: Reactivation

ml, normal ALT®

GESA: Resolved infection

APASL: HBsAg sero-clearance ously been HBsAg positive

All patients over 50 years of age and anyone with either cirrhosis or a family history of hepatocellular car

cinoma

HBsAg positive, HBeAg positive, abnormal ALT®

HBsAg positive, HBeAg negative, hepatitis B viral load <2000 U/

HBsAg positive, HBeAg positive, normal ALT, hepatitis B viral DNA  Minimum of 12 monthly liver function

tests and hepatitis B viral load

GESA consider treatment for all;

APASL consider treatment if ALT>2xULN
or > F2 fibrosis

Minimum of 6 monthly liver function
tests and annual hepatitis B viral load

HBsAg positive, HBeAg negative, hepatitis B viral load >2000 IU/ml GESA consider treatment for all;

APASL consider treatment if ALT>2xULN
or >F2° fibrosis

HBsAg negative, hepatitis B viral load not detected, having previ-

6 monthly ultrasound and alpha
fetoprotein in addition to standard care

Abbreviations: ALT, alanine aminotransferase; APASL, Asian Pacific Association for the Study of the Liver; GESA, Gastroenterological Society of Australia; HBsAg, Hepatitis B surface antigen;

HBeAg, Hepatitis B e antigen; ULN, upper limit of normal.

@ Abnormal ALT as per GESA >19 for a female and >30 for a male, as per APASL > laboratory defined ULN (> 54).

© .. or alternative explanation for raised ALT.

° F2 fibrosis is defined as moderate fibrosis on transient elastography or on liver biopsy by portal fibrosis with infrequent septa.

these, 125 (65%) had sufficient detectable HBV DNA to enable
genotyping and all were subgenotype C4. Sixty-eight subjects did
not have sufficient HBV DNA detected to perform genotyping.
Patients were followed for a median of 38 months (IQR, 17-58;
range, 1-75) for a total of 605 person years. During follow up, 11
individuals passed away and none were lost to follow up. Baseline
demographics and clinical parameters at study entry as well as the
latest time point recorded are detailed in Table 2.

Participants’ hepatitis B disease phase at study entry, as de-
fined by GESA criteria, is shown in Figure 1 (comparison be-
tween GESA and APASL criteria is provided in Supplementary
Figure 1). Over the reviewed time period 10 (5%) individuals
changed their HBeAg status: 8 from positive to negative (with
all 8 of these individuals developing anti-HBe), 1 positive to
equivocal, and 1 negative to positive. Median age at HBeAg
seroconversion was 32 years (range, 19-53 years). There was a
total of 240 person years of follow up for individuals HBeAg
positive at baseline, which equates to an HBeAg seroconversion
rate of 3.33% (95% confidence interval [CI], 1.4-6.5) per year.

Six individuals cleared hepatitis B surface antigen (HBsAg)
during the follow up period. The median age of HBsAg clear-
ance was 43.5 years (range, 27-64 years). This equates to an
overall seroconversion rate of 3.1% or a 1% (95% CI, 0.4%2.2%)
per year rate. None of the participants who cleared HBsAg were
on treatment. One case was anti-HBcIgM positive (27 years),
which may have been due to acute HBV.

Fifty-eight individuals changed their phase of disease over
the period of follow up; this includes 19 patients who have re-
ceived or are receiving antiviral treatment. This is a 9.6% (95%
CI, 7.3-12.4) per year rate of change in phase of disease. The
median ALT level at study enrolment was 31 U/L at and final
follow up was 29 U/L. Fibroscan results were available for 111

(57%) individuals and median liver stiffness score was 5.3kPa
(range, 2-66.4). Liver stiffness scores stratified by baseline dis-
ease phase are presented in Figure 2.

In 16 participants, HBV treatment already had commenced
or was initiated at the enrollment visit. At the end of follow up,
31 individuals were taking antiviral medication; no individual
received interferon therapy (Table 2). At the final time point
of follow up, 26 (13%) individuals had evidence of cirrhosis,
and, of these, 13 (50%) were on treatment. The median age of
those with cirrhosis was 48 years (IQR, 37-52 years). The most
common phase of disease for patients with cirrhosis both at
entry to the study and at the latest follow up point was the im-
mune control phase. As a proportion, 5 of 12 (42%) patients in
the immune escape phase had cirrhosis at latest follow up.

The median BMI for patients with cirrhosis was 26.2 (IQR,
24.2-27.8) and for patients without cirrhosis was 22.5 (IQR,
19.7-25.9). Of the patients with cirrhosis, 7 of 26 reported haz-
ardous alcohol intake (as defined by >2 standard drinks per day)
compared with 25 of 167 patients without cirrhosis (P = .13).
There were no coinfections with hepatitis C virus or HIV.

Of the 125 participants with sequence data available, 8.8%
(3 of 34) participants with C4a clade had cirrhosis, compared
with 16.5% (15 of 91) of participants with C4b clade (P = .28).
Sixty-seven participants had full genome sequencing data avail-
able. Of those diagnosed with cirrhosis (13 of 67), 92% (12 of
13) had at least 1 mutation known to be associated with more
rapid disease progression or the development of HCC, or both,
compared with 55% (30 of 54) of those without cirrhosis (X2
test, P = .014). The most common mutations observed in those
with cirrhosis were BCP G1764A (84.6%; 11 of 13), A1762T
(69.2%; 9 of 13), C1766T (53.8%; 7 of 13) and core deletion
(15.4%; 2 of 13).
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Table 2. Baseline Demographics and Clinical Details at Study Entry and the Latest Time Point Recorded for the Chronic Hepatitis B Patients

N =193 Study Entry Latest Time-point
Median age (IQR) 40.3 years (31.3-50.3) 40.2 years (31.7-51.5)
Male 101 (562%)

Indigenous Australian ethnicity
BMI median (IQR)

Vaccine status

Unknown

1 dose received

2 doses received

Fully vaccinated®

Alcohol use

None

0-2 STD drinks® per day

3-4 STD drinks per day

>4 STD drinks per day

Unknown

HBeAg status

Positive

Negative

Equivocal

Unknown

Anti-HBe status

Positive

Negative

Equivocal

Unknown

HBV DNA viral load (IU/ml) median (IQR)
ALT U/L median (IQR)

% participants with an ALT U/L > laboratory ULN (lower cut off)®
Platelets (x 10%L) median (IQR)
Albumin (g/L) median (IQR)
Creatinine (umol/L) median (IQR)
Evidence of cirrhosis

Median liver stiffness score (kPa)
Phase of disease

Immune tolerance

Immune clearance

Immune control

Immune escape

Resolved infection

Unable to phase®

Currently receiving antiviral treatment
Entecavir

Tenofovir

Death during follow up®

193 (100%)
22.8 (19.9-26.4)

148 (76 %)
11 (6%)
6 (3%)
28 (15%)

133 (69%)
21 (11 %)
12 (6%)
19 (10%)
8 (4%)

66 (34%)
126 (65%)
0

1(1%)

121 (63%)

67 (35%)

2 (1%)

3 (1%)

684 (43-7.729,938)
31 (19-44)

17 (61)

239 (202-279)
42 (40-44)

72 (61-87)

21 (11%)

GESA

24 (12%)
42 (22%)
102 (53%)
20 (10%)
4 (2%)
1(1%)

16 (8.3%)
12 (75%)
4 (25%)

APASL
44 (23%)
22 (11%)
118 (61%)
4(2%)
4(2%)
1(1%)

58 (30%)
134 (69%)
1(1%)

0

127 (66%)
60 (31 %)
6 (3%)

0

<20 (<20-184)
29 (20-41)

11 (63)

235 (188-287)
41 (39-44)

76 (63-90)
26 (13%)

5.3 (range, 2-66.4)

GESA
22 (11%)
35 (18%)
110 (57 %)
12 (6%)
10 (6%)
4 (2%)
31 (16%)
23 (74%)
8 (36%)
11 (6%)

APASL
49 (25%)
8 (4%)
121 (63%)
1(1%)
10 (5%)
4(2%)

Abbreviations: ALT, alanine aminotransferase; APASL, Asian Pacific Association for the Study of the Liver; BMI, body mass index; GESA, Gastroenterological Society of Australia; HBeAg,

Hepatitis B e antigen; Anti-HBe, Hepatitis B e antibody; HBV, Hepatitis B virus; IQR, interquartile range; STD, standard; ULN, upper limit of normal.

? Fully vaccinated was defined as having received 3 vaccines.
® A standard drink was defined as 10g of alcohol.
¢ Laboratory upper limit of normal is 54 U/L and the lower cut off is 19 U/L for women and

9 .. due to lack of available e markers.

30U/L for men.

¢ Cause of death known for 4 individuals includes breast cancer, parotid cancer, vulvar cancer, and end stage renal disease.

Sixty-six participants (34%; 66 of 193) qualified for HCC
screening based on being over 50 years old or having cirrhosis.
Of these, 39% (26 of 66) had an ultrasound and AFP in the past
6 months before analysis and 50% (33 of 66) had HCC screening
in the last year.

Of those recruited in the last year before analysis, 65% (11

of 17) had HCC screening in the last 6 months. There were no

diagnoses of HCC during the follow up period and none of the

deaths in the study period were due to a known HCC (cause of
death was available for 4 of 11 deaths).
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Figure 1.

Disease Phase at Study Entry Using Gastroenterological Society of Australia Criteria by Age Group

DISCUSSION

This work describes the clinical follow up over a median period
of 38 months for patients with HBV subgenotype C4. Using the
lower cut-off values for abnormal ALT to define the phase of
disease, 30% (58 of 193) of individuals transitioned into a dif-
ferent phase of disease over a relatively short period of follow
up. This highlights the importance of viewing CHB as a dy-
namic disease requiring regular reassessment to evaluate the
need for treatment and not labelling patients as “inactive car-
riers,” implying a benign static prognosis.

The rate of seroconversion from HBeAg positive to anti-HBe
positive has been reported to be 8%-12% per year in a summary
of all genotypes [24] and 6% per year in the REVEAL group,
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Figure 2. Median Liver Stiffness Scores Grouped By Disease Phase at Entry
Using Gastroenterological Society of Australia Criteria In these violin plots, the
median is represented by the white circle and the box indicates the interquartile
ranges; the violin plot itself represents the estimated kernel density. The horizontal
line at 10 kPa indicates the liver stiffness score cut off for cirrhosis.

which only included genotypes B and C [25]. We document a
HBeAg seroconversion rate of 3.3% (95% CI, 1.4-6.5) per year
in our C4 patients, lower than that in the literature for other
genotypes. The age distribution of individuals in each phase of
disease at study entry is consistent with published evidence that
genotype C is associated with a significantly older age of HBeAg
seroconversion [26]. In our cohort, the median age of HBeAg
seroconversion was 32 years, with 4 individuals seroconverting
after the age of 40 years. One individual seroreverted to HBeAg
positive, which also has been described more commonly in gen-
otype C disease [27]. Seroconversion of HBeAg after the age of
30 is associated with a significantly higher incidence of cirrhosis
and HCC [28].

Six individuals became anti-HBs positive, hence “clearing”
their CHB infection at a rate of 1% (95% CI, 0.4-2.2) per
year, which is line with commonly quoted clearance rates of
1%-2% per year but lower than the 2.3% documented in a large
Taiwanese cohort [29].

Importantly, in this cohort ALT levels infrequently were
raised (median, 28 U/L) and using the standard local laboratory
cut-off of 54 U/L as per the APASL recommendations would
alter the disease phase classification of a large number of pa-
tients. The lower, gender-specific ALT level cut-offs were based
initially on a group of Italian blood donors [30]; subsequently,
other larger studies support these lower “normal” values [31,
32]. These revised cut-off levels also are accepted now and re-
commended by European and American professional bodies
[33, 34]. A large study based in Hong Kong [35] compared his-
tology from liver biopsy to ALT levels in a group of 211 HBeAg
positive CHB patients and 108 anti-HBe positive individuals.
This study concluded that ALT did not predict significant liver
injury with 22.5% of HBeAg positive patients with normal
ALT having F3 or greater fibrosis on biopsy. It also is impor-
tant to note that there is not a validated normal ALT range for
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Indigenous Australians. Differences in criteria for ALT is the
major reason that there is a significant difference between in-
dividuals allocated to immune tolerance and clearance when
using the APASL versus the GESA criteria. In the Australian
context, this is particularly important as an abnormal ALT is 1
of the qualifying criteria for accessing government-funded an-
tiviral treatment.

We previously have reported that the majority of C4 hepa-
titis B viruses that have had full genome sequence analysis have
mutations that have been associated with increased rates of pro-
gression to cirrhosis and HCC [17]. Thirteen percent of this
group of relatively young patients had evidence of cirrhosis and
another 7 (4%) had evidence of advanced fibrosis. In this study,
there appears to be a significant difference between patients
with cirrhosis and at least 1 mutation previously associated with
more rapid disease progression, or the development of HCC,
or both (x’, P = .014). We observed a higher prevalence of cir-
rhosis in participants with HBV clade C4b compared with C4a
(16.5% and 8.8%, respectively). Although this finding did not
reach statistical significance, it is an observation that requires
further study to assess if this could be a contributing factor for
the higher prevalence of cirrhosis in some regions of the NT.

We used a median liver stiffness score of greater than 10kPa
to define cirrhosis in this cohort. There has been much debate
regarding the optimum cut-off to be used to define cirrhosis
using TE, with a range of cut-offs being described in the lit-
erature. European guidelines recommend a cut-off of >12kPa
for severe fibrosis/cirrhosis if ALT is elevated and of >9kPa for
those with a normal ALT [36]. A Taiwanese study used >10kPa
as their cut-off for F4 fibrosis (cirrhosis) for those with CHB
specifically. They found a sensitivity and specificity of 0.8 and
0.77, respectively, using >10kPa as the liver stiffness measure-
ment [37]. Although these findings were based on relatively
small numbers, patients with CHB in the NT of Australia are
more similar to Southeast Asian populations based on hepatitis
B genotype compared to European cohorts. Using the higher
cut-off of >12kPa would have reduced the number of our parti-
cipants with cirrhosis from 26 to 22.

The small number of patients with cirrhosis (n = 26) precluded
using a multivariate logistic regression model incorporating
variables such as age, gender, clade, alcohol use, and BMI [38].
However, we did observe relatively small numbers of partici-
pants with high BMI (median BMI in patients with cirrhosis of
26.2 compared with 22.5 in patients without cirrhosis). There
also was no significant difference in reports of hazardous al-
cohol intake when comparing those with or without cirrhosis.

The majority of cirrhotic individuals in our C4 cohort were
in the immune control phase both at study entry and final
follow up, but 1 was in the immune tolerance and 7 in the im-
mune clearance phase. This is at odds with standard thinking
about the natural history of CHB, which is that significant fi-
brosis and cirrhosis are uncommon in the early phases [24].

Alternatively, the majority of liver damage in C4 CHB may be
occurring in early disease phases and persisting when HBV
viral loads are low and ALT has normalized. In reviewing 1387
patients with CHB over 1 year of follow up, Kumar et al [39]
also found that of those with persistently normal ALT levels
(<40 TU/ml), 40% of HBeAg positive patients and 13% of
HBeAg negative patients had greater than grade 2 fibrosis on
liver biopsy. These patients were predominantly nongenotype
C HBV meaning these figures are likely to be even higher in
those with genotype C.

At the latest follow up time point, 16% of participants were
on treatment for hepatitis B. In the most recent nationwide
mapping in 2017, the proportion of patients with CHB who
were receiving treatment in Australia was 8.3%, with the pro-
portion in the NT overall being 5.2% [40]. It is reccommended
that all patients with cirrhosis with any detectable viral load are
commenced on antiviral treatment [33]; this again highlights
the importance of regular reassessment of patients living with
CHB to assess for changes in status that may indicate the need
for treatment. In our cohort, only 50% of participants with cir-
rhosis were on treatment. Two participants with cirrhosis had
undetectable HBV DNA and, therefore, did not meet criteria
for treatment in Australia. During our analysis, if we found that
a patient with CHB and cirrhosis was not on treatment this was
fed back to the treating physicians in the communities for treat-
ment to be initiated. The low treatment rate we observed may be
a reflection of the high number of patients with cirrhosis being
in immune control phase (not usually a phase where treatment
would be recommended) and highlights the importance of edu-
cation in the remote communities to offer treatment to all CHB
patients with cirrhosis regardless of disease phase.

The main limitation of this study is that all follow up data
were collected retrospectively and, therefore, were incomplete.
This now has motivated a shift to the collection of prospective
follow up data. We have included patients who were already on
or have commenced treatment in the study as it would clearly be
unethical to not commence treatment when it is warranted, but
this will modify the natural history of the disease. In diagnosing
cirrhosis, we did not use the gold standard of liver biopsy, so the
prevalence of cirrhosis could have been overestimated.

A relatively small proportion of participants underwent HCC
screening (39%). This reflects the need for systematic follow up
of these populations and the need for a hepatitis B register to
enable governance in remote and logistically challenging set-
tings. The Hep B PAST (Partnership Approach to Sustainably
eliminating chronic hepatitis B in the NT) was developed to im-
prove the cascade of care for individuals living with CHB in the
NT. The success of this is reflected in increased HCC screening
rates the last year of follow up (65%). We did not document
any incident cases of HCC in this cohort; we suggest that this
likely is a consequence of the short duration of follow up to date
plus the initial low rates of HCC screening—noting that rates
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of HCC are high overall in the NT Indigenous Australian pop-
ulation [41].

Another limitation of the study is that the data were collected
from a relatively small sample size and HBV genotype was only
available for 65% of participants. We cannot be certain that all
participants were infected with subgenotype C4; however, of
those tested, 100% had this subgenotype. It is difficult to ascer-
tain whether these results are generalizable to the Australian
population, because it is unclear how far outside of the NT
subgenotype C4 extends at this stage.

This study is the first to report clinical follow up of a cohort of
individuals with subgenotype C4 CHB. Our results support the
molecular virological findings previously reported, suggesting
that C4 has an aggressive phenotype associated with a relatively
high prevalence of cirrhosis. Our data also highlight the dy-
namic nature of CHB, reinforcing the need for regular moni-
toring and re-evaluation of the need for treatment. We show
that, in subgenotype C4 patients, the majority of those with cir-
rhosis were already in this state by the immune control phase;
therefore, in order to try and prevent or modify this outcome,
earlier assessment and initiation of treatment may be required.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader,
the posted materials are not copyedited and are the sole responsibility of
the authors, so questions or comments should be addressed to the corre-
sponding author.

Acknowledgments

We would like to thank all of the Royal Darwin Hospital Infectious
Diseases registrars for their work in the hepatitis outreach clinics and to
Territory Pathology for processing our clinical samples. We also would like
to thank the Indigenous communities of the NT for participating in this
research.

Financial support. The project was supported by an Australian National
Health and Medical Research Council project grant (no. 1060811).
S.Y.C.T. and ].S.D. are National Health and Medical Research Council
(NHMRC) Career Development Fellows. ].D. is an NHMRC Early Career
Fellow.

Author contributions. ].D. was involved in study concept and design, re-
cruitment, analysis, and writing the first draft. E.L.S. was responsible for
analysis and developing subsequent drafts of the paper. M.L. performed
laboratory work on the participant samples, reviewed and provided input
into subsequent drafts of the paper, and performed phylogenetic analysis.
RE, TS, and K/J. did laboratory work, phylogenetic analysis, reviewing
and provided input into subsequent drafts of the paper. K.M. collected
data, analyzed data, and provided input into subsequent drafts of the paper.
PB. designed, collected data, analyzed data, and provided input into sub-
sequent drafts of the paper. B.C.C. designed, analyzed, and provided input
into subsequent drafts of the paper. S.L. was involved in study concept and
design, laboratory work, analysis, and providing input into subsequent
drafts. Finally, J.S.D. and S.Y.C.T. were involved in study concept and de-
sign, recruitment, analysis, and providing input into subsequent drafts.

References
1. McMahon BJ. The influence of hepatitis B virus genotype and subgenotype on the
natural history of chronic hepatitis B. Hepatol Int 2009; 3:334-42.
2. Liu CJ, Kao JH. Global perspective on the natural history of chronic hepatitis B:
role of hepatitis B virus genotypes A to J. Semin Liver Dis 2013; 33:97-102.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

. Chu CM, Liaw YE Genotype C hepatitis B virus infection is associated with a

higher risk of reactivation of hepatitis B and progression to cirrhosis than geno-
type B: a longitudinal study of hepatitis B e antigen-positive patients with normal
aminotransferase levels at baseline. ] Hepatol 2005; 43:411-7.

. Chan HL, Wong GL, Tse CH, et al. Hepatitis B virus genotype C is associated

with more severe liver fibrosis than genotype B. Clin Gastroenterol Hepatol 2009;
7:1361-6.

. Yu MW, Yeh SH, Chen PJ, et al. Hepatitis B virus genotype and DNA level and

hepatocellular carcinoma: a prospective study in men. J Natl Cancer Inst 2005;
97:265-72.

. Yang HI, Yeh SH, Chen PJ, et al; REVEAL-HBV Study Group. Associations be-

tween hepatitis B virus genotype and mutants and the risk of hepatocellular carci-
noma. J Natl Cancer Inst 2008; 100:1134-43.

. Shi W, Zhu C, Zheng W, et al. Subgenotyping of genotype C hepatitis B virus: cor-

recting misclassifications and identifying a novel subgenotype. PLOS ONE 2012;
7:e47271.

. Kao JH, Chen PJ, Lai MY, Chen DS. Hepatitis B virus genotypes and spontaneous

hepatitis B e antigen seroconversion in Taiwanese hepatitis B carriers. ] Med Virol
2004; 72:363-9.

. Chu CJ, Hussain M, Lok AS. Hepatitis B virus genotype B is associated with

earlier HBeAg seroconversion compared with hepatitis B virus genotype C.
Gastroenterology 2002; 122:1756-62.

Chan HL, Hui AY, Wong ML, et al. Genotype C hepatitis B virus infection
is associated with an increased risk of hepatocellular carcinoma. Gut 2004;
53:1494-8.

Sakamoto T, Tanaka Y, Simonetti J, et al. Classification of hepatitis B virus gen-
otype B into 2 major types based on characterization of a novel subgenotype in
Arctic indigenous populations. ] Infect Dis 2007; 196:1487-92.

Osiowy C, Simons BC, Rempel JD. Distribution of viral hepatitis in indigenous
populations of North America and the circumpolar Arctic. Antivir Ther 2013;
18:467-73.

Raimondi S, Maisonneuve P, Bruno S, Mondelli MU. Is response to antiviral treat-
ment influenced by hepatitis B virus genotype? ] Hepatol 2010; 52:441-9.
Janssen HL, van Zonneveld M, Senturk H, et al; HBV 99-01 Study Group;
Rotterdam Foundation for Liver Research. Pegylated interferon alfa-2b alone or
in combination with lamivudine for HBeAg-positive chronic hepatitis B: a ran-
domised trial. Lancet 2005; 365:123-9.

Davies ], Li SQ, Tong SY, et al. Establishing contemporary trends in hepa-
titis B sero-epidemiology in an Indigenous population. PLOS ONE 2017;
12:0184082.

Davies J, Littlejohn M, Locarnini SA, et al. Molecular epidemiology of hepatitis
B in the Indigenous people of northern Australia. ] Gastroenterol Hepatol 2013;
28:1234-41.

Littlejohn M, Davies J, Yuen L, et al. Molecular virology of hepatitis B virus, sub-
genotype C4 in northern Australian Indigenous populations. ] Med Virol 2014;
86:695-706.

Yuen LKW, Littlejohn M, Duchéne S, et al. Tracing ancient human migrations
into Sahul using hepatitis B virus genomes. Mol Biol Evol 2019; 36:942-54.
Kemp W, Levy M, Weltman M, Lubel J; Australian Liver Association (ALA).
Australian Liver Association (ALA) expert consensus recommendations for the
use of transient elastography in chronic viral hepatitis. ] Gastroenterol Hepatol
2015; 30:453-62.

Digestive Health Foundation. Gastroenterological Society of Australia Chronic
Hepatitis B recommendations, 2009. https://cart.gesa.org.au/membes/files/
Clinical%20Guidelines%20and%20Updates/CHB.pdf. Accessed January 12,
2019.

Centre for Remote Health. CARPA Standard Treatment Manual. 7th ed. Alice
Springs, New Territory: Centre for Remote Health; 2017.

Adams LA, Bulsara M, Rossi E, et al. Hepascore: an accurate validated predictor
of liver fibrosis in chronic hepatitis C infection. Clin Chem 2005; 51:1867-73.
Sarin SK, Kumar M, Lau GK, et al. Asian-Pacific clinical practice guidelines on
the management of hepatitis B: a 2015 update. Hepatol Int 2016; 10:1-98.
McMahon BJ. The natural history of chronic hepatitis B virus infection.
Hepatology 2009; 49:545-55.

Chen CJ, Yang HI. Natural history of chronic hepatitis B REVEALed. ]
Gastroenterol Hepatol 2011; 26:628-38.

Livingston SE, Simonetti JP, Bulkow LR, et al. Clearance of hepatitis B e an-
tigen in patients with chronic hepatitis B and genotypes A, B, C, D, and E
Gastroenterology 2007; 133:1452-7.

Chen CH, Lu SN, Lee CM, et al. Patients with interferon-induced HBeAg sero-
conversion have a higher risk of HBV reactivation and HBeAg seroreversion.
Hepatol Int 2014; 8:365-74.

Chen YC, Chu CM, Liaw YFE. Age-specific prognosis following spontaneous
hepatitis B e antigen seroconversion in chronic hepatitis B. Hepatology 2010;
51:435-44.

Hepatitis B Subgenotype C4 « OFID « 7


https://cart.gesa.org.au/membes/files/Clinical%20Guidelines%20and%20Updates/CHB.pdf
https://cart.gesa.org.au/membes/files/Clinical%20Guidelines%20and%20Updates/CHB.pdf

29.

30.

31

32.

33.

34.

35.

Liu J, Yang HI, Lee MH, et al; REVEAL-HBV Study Group. Incidence and deter-
minants of spontaneous hepatitis B surface antigen seroclearance: a community-
based study. Gastroenterology 2010; 139:474-82.

Prati D, Taioli E, Zanella A, et al. Updated definitions of healthy ranges for serum
alanine aminotransferase levels. Ann Intern Med 2002; 137:1-10.

Ruhl CE, Everhart JE. Upper limits of normal for alanine aminotransferase ac-
tivity in the United States population. Hepatology 2012; 55:447-54.

Zhang P, Wang CY, Li YX, et al. Determination of the upper cut-off values of
serum alanine aminotransferase and aspartate aminotransferase in Chinese.
World ] Gastroenterol 2015; 21:2419-24.

European Association for the Study of the Liver. EASL Clinical Practice
Guidelines: management of chronic hepatitis B virus infection. ] Hepatol 2012;
57:167-185.

Lok AS, McMahon BJ. Chronic hepatitis B: update 2009. Hepatology 2009;
50:661-2.

Seto WK, Lai CL, Ip PP, et al. A large population histology study showing the lack
of association between ALT elevation and significant fibrosis in chronic hepatitis
B. PLOS ONE 2012; 7:32622.

36.

37.

38.

39.

40.

41.

European Association for the Study of the Liver. EASL-ALEH clinical practice
guidelines: non-invasive tests for evaluation of liver disease severity and prog-
nosis. ] Hepatol 2009; 63:237-264.

Wang JH, Changchien CS, Hung CH, et al. FibroScan and ultrasonography
in the prediction of hepatic fibrosis in patients with chronic viral hepatitis. J
Gastroenterol 2009; 44:439-46.

Peduzzi P, Concato ], Kemper E, Holford TR, Feinstein AR. A simulation study of
the number of events per variable in logistic regression analysis. ] Clin Epidemiol
1996; 49:1373-9.

Kumar M, Sarin SK, Hissar S, et al. Virologic and histologic features of chronic
hepatitis B virus-infected asymptomatic patients with persistently normal ALT.
Gastroenterology 2008; 134:1376-84.

Australasian Society for HIV, Viral Hepatitis and Sexual Health Medicine. Viral
Hepatitis Mapping Project: National Report 2017. https://ashm.org.au/prod-
ucts/product/Viral-Hepatitis-Mapping-Project-2017. Published 2019. Accessed
September 26, 2019.

Parker C, Tong SY, Dempsey K, et al. Hepatocellular carcinoma in Australia’s
Northern Territory: high incidence and poor outcome. Med J Aust 2014; 201:470-4.

8 o« OFID « Davies et al


https://ashm.org.au/products/product/Viral-Hepatitis-Mapping-Project-2017
https://ashm.org.au/products/product/Viral-Hepatitis-Mapping-Project-2017

