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ABSTRACT
Background Chronic hepatitis B infection is endemic
in New Zealand and has high prevalence in New
Zealand M�aori. Previous longitudinal studies in
populations with predominantly vertically acquired
chronic hepatitis B have shown low spontaneous
hepatitis B surface-antigen (HBsAg) seroclearance rates:
0.5–1.4% annually (mean age of clearance 48 years).
We report the 28-year follow-up data on clinical and
serological outcomes in indigenous New Zealand M�aori
with early horizontally acquired HBV.
Methods In 1984, community seroprevalence study
identified 572 HBsAg-positive individuals, followed for
28 years. Liver-related mortality and hepatocellular
carcinoma (HCC) incidence were compared between
these 572 HBV carriers and 1140 HBsAg-negative
matched case-controls. Surviving HBsAg-positive
individuals have been followed up in 2012 with clinical
assessment, blood tests and liver transient elastography.
Rates of hepatitis B e-antigen (HBeAg) and HBsAg
seroconversion were determined.
Results After total 13 187.4 person-years follow-up,
15 HBsAg-positive patients have developed HCC
compared with none of the HBsAg-negative controls
(p<0.001). 12 HBsAg-positive patients died from liver-
related causes compared with none in the controls
(p<0.001). Spontaneous HBeAg-seroconversion occurred
in 91% of HBeAg-positive patients. Spontaneous HBsAg
loss occurred in 33% overall (annual clearance rate
1.34%), with higher rates at older ages (1.05% in
patients<20 years at entry vs 4.3% per annum
>40 years at entry, p<0.0001). Median ages of HBeAg
loss and HBsAg loss were 23 years (range 6–66 years)
and 40 years (range 4–80 years), respectively.
Conclusions Horizontally transmitted HBV in Maori is
similarly associated with increased risk of liver-related
mortality and HCC compared with Chinese, although
absolute incidence rates are lower. The rates of HBeAg
and HBsAg loss are high, and occur at an earlier age
than previously reported.

OBJECTIVE
An estimated 350 million people worldwide are
chronically infected with HBV. Chronic HBV infec-
tion is associated with significant health burden, as
up to 40% will develop active chronic hepatitis B
(CHB), with long-term risks of liver-related compli-
cations of cirrhosis, liver failure or hepatocellular

carcinoma (HCC). Although the overall rate of
chronic HBV infection in New Zealand is low
(<2%), it is endemic in certain ethnic groups and
areas of North Island.1 The highest prevalence of
CHB is found in the M�aori (5.6%), the Pacific
Islander Peoples (7.3%) and Asians (6.2%). In con-
trast, New Zealand European populations generally
have rates of CHB of less than 1%.2 3 There is also
a high incidence of HCC in New Zealand, ranging
from 6.6/100 000 person-years in the M�aori to 20/
100 000 person-years in the Chinese.4 CHB has

Significance of this study

What is already known on this subject?
▸ Chronic HBV infection is associated with

increased hepatocellular carcinoma (HCC),
cirrhosis and liver related mortality.

▸ Majority of natural history studies are from Asia
with vertically transmitted HBV genotypes B
and C, few long-term natural history studies of
horizontally transmitted HBV exist.

▸ Spontaneous HBsAg seroconversion in Asian
patients is low: annual rate 0.5–1.4%.

What are the new findings?
▸ Longest duration of follow-up (28 years) in a

population infected with HBV through early
horizontal rather than vertical transmission,
providing new information on natural history of
chronic HBV in this population.

▸ New Zealand Maori with horizontally
transmitted HBV have increased risk of HCC
and liver related mortality compared with
controls, but absolute incidence rates are lower
than Asian studies

▸ HBeAg and HBsAg seroconversion rates are
high, and occur at an earlier age than in Asian
populations.

How might it impact on clinical practice in
the foreseeable future?
▸ Identify baseline predictors for liver-related

complications in patients with early horizontally
acquired HBV infection.

▸ Allow individualised surveillance strategies,
stratified according to baseline risk.
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been shown to account for over 50% of all chronic liver disease
mortality among M�aori and Pacific peoples in New Zealand,
compared with only 10% among Europeans.5 In New Zealand,
the Government funded a national HBV screening programme
in 1999 following wide consultation with international experts.
All identified carriers were invited to participate in a long-term
follow-up programme, with 6 monthly monitoring for evidence
of CHB or HCC. For CHB surveillance, serum alanine amino-
transferase (ALT) levels were monitored as these correlate
closely with histological activity and rate of progression of fibro-
sis.6–8 For HCC surveillance, serum α foetoprotein (AFP) levels
were monitored 6 monthly in low-risk patients.9 In patients con-
sidered to be at higher risk for HCC, including those with
either significant fibrosis on biopsy or Fibroscan, or a family
history of HCC, abdominal ultrasound scans were also per-
formed at 6 monthly intervals.10

The most desirable outcome for patients with chronic HBV
infection is for HBsAg clearance before development of cirrho-
sis. However, spontaneous annual HBsAg clearance rates in lon-
gitudinal studies in Asians with vertically transmitted HBV have
been low, between 0.5% and 1.4%.11–17 It is important to
note that these studies had relatively short duration of follow-up
(4–12 years). In these studies, baseline predictors of HBsAg loss
include: increasing age, hepatitis B e-antigen (HBeAg) seronega-
tivity, male sex, lower HBV DNA (<5 log copies per mL) and
HBV genotype B (compared with genotype C). Recently these
baseline predictors have been incorporated into a risk-calculator
for HCC in patients with chronic HBV infection18 to determine
HCC risk. Antiviral therapy was also associated with higher
rates of HBsAg loss (2.4–5%).8 19

The largest longitudinal cohort study of the natural history of
CHB infection to date is the Risk Evaluation of Viremia
Elevation and Associated Liver Disease (REVEAL) study, con-
ducted in Taiwan in 1991. In this study, 3653 individuals with
CHB infection were followed up with abdominal ultrasound
and serological tests for a median of 11.4 years. The most
important independent predictor for cirrhosis, HCC, overall
mortality and liver-related mortality was baseline serum HBV
DNA level at study entry.20–22 This landmark study challenged
the current surveillance regimen with ALT and AFP; and raises
the question whether monitoring with HBV DNA should be
used as it is superior to ALT in determining long-term complica-
tions and need for treatment.23

However, subsequent papers have questioned whether the
findings in the REVEAL study could be generalised to other
patient populations. The principal differences between the
REVEAL study and this current New Zealand study are patient
ethnicity, mode of transmission, age of enrolment and HBV
genotype distribution. The REVEAL study population was
exclusively Chinese, while the New Zealand study was 79%
Polynesian (M�aori and Pacific Islander Peoples). A high propor-
tion of transmission in REVEAL was vertical, while in New
Zealand it is predominantly early horizontal, with a sharp
increase in the prevalence of exposure to hepatitis B markers in
early childhood, and very few children infected under the age
of 1 year.24 In Taiwan, the genotype distribution is predomin-
antly B (60%) and C (40%), while New Zealand is predomin-
ately C (40%) and D (40%).25 HBV genotypes have been linked
with different risks for progression to cirrhosis, HCC and
death.26–29 Studies in Asia have suggested that HBV genotype B
is associated with earlier age of HBeAg seroconversion, less
active hepatic necroinflammation, a lower rate of HCC and a
slower rate of progression to cirrhosis compared with genotype
C. Previous European studies have also reported better

outcomes in patients with genotype A compared with those
with genotype D.30 No study to date has compared all major
genotypes and conjecture remains as to whether genotypes C
and D, which are most predominant in New Zealand, have
similar poor outcomes.

The majority of the REVEAL study population was
HBeAg-negative (85%) and older (median age at enrolment
45 years). It remains unknown whether similar poor prognosis
applies to younger, HBeAg-positive patients.

In summary, the natural history of CHB infection has been
reported for older, predominantly e-antigen negative patients,
with vertically transmitted HBV genotypes B and C. This case-
control cohort study is the first study in young indigenous New
Zealand M�aori to evaluate the long-term impact of horizontally
acquired chronic HBV infection, predominantly genotypes C
and D after 28 years of follow-up.

METHODS
The Kawerau township was created in 1953 in the Eastern Bay
of Plenty of the North Island of New Zealand to service a news-
print, paper and lumber industry. Nearly all the workforce is
employed by the two industrial plants processing timber from
the commercial pine forests in the central North Island and
Eastern Bay of Plenty. The population of Kawerau at the 1981
census was 8568, comprising 61% European, 35% M�aori, and
2% Pacific Islander Peoples. Between February and April 1984,
a comprehensive population seroprevalence study was con-
ducted in the Kawerau township whereby all households in the
community were tested for current and past hepatitis B infection
(HBsAg and antiHBs by reverse passive haemagglutination
(RPHA)). Any individual found to be positive for HBsAg was
retested 6 months later and if persistently positive was con-
firmed with chronic HBV infection. Antibodies to hepatitis C
virus were not tested. At entry into the Kawerau Study, all parti-
cipants consented to testing of baseline sera and collection of
outcome data. This seroprevalence study was approved by the
local ethics committee and funded by the New Zealand Medical
Research Council in 1984. The current follow-up study was
approved by the Northern Y ethics committee in 2012 and
funded by the Health Research Council of New Zealand.

In the original 1984 seroprevalence study, 7901 of 8514
(93%) of the Kawerau population over the age of 6 months
were tested, of whom 485 were confirmed as patients with
chronic HBV infection (6.1%). An additional 87 individuals,
who resided in the Eastern Bay of Plenty but outside Kawerau
census boundaries, were also identified with chronic HBV infec-
tion through contact tracing and bleeding workers at the local
mill.

All HBsAg-positive individuals (n=572) entered into long-
term follow-up via the Hepatitis Foundation with 6 monthly
blood tests (liver function tests+AFP+hepatitis serology).
Ultrasound was only offered to those with the highest risk:
patients with cirrhosis or those with a first degree family history
of HCC.

For each HBsAg-positive individual from the Kawerau study,
we identified two healthy controls from the same cohort case-
matched for age, sex and ethnicity (n=1140). Two
HBsAg-positive individuals (both Pacific Island women) were
unable to be matched as there were no controls of the same age,
sex and ethnicity. In New Zealand, all carriers have a National
Health Identifier (NHI) number which allows them to be
tracked via the Ministry of Health’s health and pharmaceutical
data set if they have had a health encounter since the NHI
system was introduced in the late 1980s. NHI numbers for
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HBsAg-negative controls were obtained by inputting demo-
graphic information such as name, sex and date of birth into the
NHI database. Follow-up of controls was only through the vital
status (death/alive) based on death notifications on the NHI
system.

The survival status of patients on the NHI database is
updated instantly upon receipt of notification of death to the
Ministry of Health. ‘Cause of death’ data on the Ministry of
Health Mortality collection is updated to December 2008, after
which the cause of death was obtained through direct contact
with the patient’s General Practitioner, the Coroner’s office, or
by obtaining death certificates from the Department of Births,
Deaths and Marriages. All clinical records of those who pre-
sented to hospitals throughout the country were also reviewed
to ensure accuracy of the ‘cause of death’ coded in the
Mortality collection. All deaths up to 1 January 2012 were
included. The person-years of follow-up for each subject were
calculated from the date of enrolment to the date of death, or
to 1 January 2012, whichever came first.

In New Zealand, a national hepatoma database has been kept
since 1986. All cases and controls were crosschecked with this
national hepatoma database to ensure that all HCCs are
captured.

HBeAg loss was defined as conversion from HBeAg positivity to
HBeAg negativity, which persisted throughout the rest of follow-up.
HBsAg loss was defined as two consecutive HBsAg-negative tests.

All patients who were still alive in 2012 were invited to
attend local clinics for a clinical interview, physical examination
and transient elastography to determine the stage of liver fibro-
sis after 28 years follow-up. Liver cirrhosis was defined as a liver
stiffness measurement (LSM) >11 kPa according to previously
published cut-offs for CHB.31 Only those with >10 valid mea-
surements, IQR/median <30% and success rate >60% were
considered reliable measurements.

Statistical analysis
Time-to-events method was used for overall mortality analyses.
The cumulative probabilities of survival were analysed by the
Kaplan–Meier method and comparison between groups was

performed using the log-rank test. Cox proportional hazards
models were used to determine independent predictors of
outcome. All statistical procedures were performed with SAS
V.9.2. p Values less than 0.05 were considered statistically
significant.

RESULTS
Of the HBsAg-positive group, 452 (79%) were Polynesian
(M�aori and Pacific Island peoples), 120 (21%) were Caucasian;
359 (62.8%) were men, 213 (37.2%) were women. The median
age at enrolment in 1984 was 17 years (range 1–71 years). At
enrolment 41% were HBeAg-positive.

Of 572 HBsAg-positive cases identified in 1984, 565 (98.8%)
had follow-up data available in 2012. Total follow-up in the
HBsAg-positive group was 13 187.4 person-years, while in the con-
trols the total follow-up was 30 753.5 person-years. The median
number of follow-up visits per individual in the HBsAg-positive
group over the study period was 15 (range 1–115).

Only 25 of the HBsAg-positive cases (4%) had ever received
antiviral therapy; 4 of which received interferon therapy, the
rest were treated with nucleoside analogues.

Only one patient was positive for δ co-infection (hepatitis
delta virus (HDV)).

Overall mortality
A total of 54 deaths occurred in the HBsAg-positive group by
the end of 28 years of follow-up (9.4%), compared with 107
deaths in the HBsAg-negative group (9.4%), (p=0.94). Clinical
files were reviewed in 100% of cases and 97 (91%) of controls.

The cumulative probability of survival in the cases was 97.5%
and 90.2% at 10 years and 28 years of follow-up, respectively;
while in the controls, the cumulative probability of survival was
97.8% and 90.6% at 10 years and 28 years, respectively (figure 1).

Liver-related mortality
Twelve (2%) of HBsAg-positive patients died from a liver-related
complication (all due to advanced HCC) compared with none
in the HBsAg-negative controls (p<0.0001) (figure 2). No
patient died of liver failure or underwent liver transplantation.

Figure 1 Overall survival in HBsAg-positive cases compared with
HBsAg-negative controls. HBsAg, hepatitis B surface-antigen. Figure 2 Liver-related mortality.
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There was no difference in non-liver related causes of death
between the HBsAg-positive patients and HBsAg-negative con-
trols (table 1).

Hepatocellular carcinoma
Fifteen HBsAg-positive individuals developed HCC over
28 years of follow-up (2.6%). No HBsAg-negative controls
developed HCC during the study (figure 3). The incidence of
HCC was higher in the HBsAg-positive patients compared with
HBsAg-negative controls, but there was no difference in the rate
of other malignancies.

When the cohort was divided into two groups: <30 years at
study entry versus >30 years at study entry, the incidence of
HCC was still lower overall than previously reported: 61/
100 000 person-years and 327/100 000 person-years,
respectively.

The median age at diagnosis of HCC was 52 years (range 28–
73 years), 13/15 (87%) were men, 4/15 (27%) had a family
history of HCC. Fibrosis stage was available in nine patients, in
whom six had cirrhosis and one had advanced fibrosis. To date,
13/15 HCC cases have died, 12 from HCC progression and one
from a motor vehicle accident. All had advanced HCC at the
time of diagnosis and none were suitable for specific treatment.
Two patients are alive at the time of writing—one underwent

resection of a single small HCC in 2010 and remains
recurrence-free. The other received transarterial embolisation
for a large 7 cm HCC in 2010 and now has progressive disease
and is receiving palliative care.

Of the 15 patients who developed HCC during the study
period, 11 were receiving regular AFP surveillance for this com-
plication, in which 10 were asymptomatic and screen-detected
and one was diagnosed as an interval case following the onset
of symptoms. All four patients who were not receiving surveil-
lance, presented with symptomatic and advanced HCC.

All patients had elevated serum AFP levels (>10 ng/mL) at
diagnosis (median 416, range 40.2–2620 ng/mL), with a trend
towards higher levels in the four patients who were not receiv-
ing surveillance, (median 163.8 ng/mL vs 517.75 ng/mL),
although this did not reach statistical significance (p=0.92).

On multivariate analyses, older age at study entry and Maori
ethnicity were significant predictors of HCC and liver-related
death. HBeAg positivity was not a predictor of either outcome.

Cirrhosis (LSM>11 kPa)
Three hundred and forty-four of the 518 surviving patients
underwent transient elastography in 2012 (66%), of which 322
had reliable measurements (94%). There were 33 patients
(10%) with cirrhosis after a follow-up of 28 years (9016 patient-
years follow-up). The incidence of cirrhosis was 366/100 000
person-years.

On univariate analysis, patients with cirrhosis were more
likely to be older: median age 51 years (range 29–73) compared
with patients without cirrhosis: 44 years (range 29–85 years).
There was no difference in gender, ethnicity, HBeAg status at
entry and rate of HBsAg clearance between the two groups. On
multivariate analyses, increasing age at baseline was a statistically

Table 1 Causes of death

Carriers (n=572);
13 187.4 person-years

Mortality rate (per
100 000 person-years)

Controls (n=1140);
30 753.5 person-years

Mortality rate (per
100 000 person-year)

Mortality rate ratios
(95% CI) p Value

All cause
mortality

54 409 107 348 1.17 (0.85 to 1.63) NS

Cardiovascular 17 129 28 91 1.45 (0.80 to 2.66) NS
Injury/poisoning 9 68 24 78 0.86 (0.4 to 1.85) NS
Sepsis 0 0 6 20 – NS
HCC 12 91 0* 0 – <0.0001
Other cancers 10 76 28 91 0.85 (0.41 to 1.74) NS
Other causes 6 45 21 68 0.68 (0.27 to 1.68) NS

*Rates of HCC in the New Zealand general population range from 0.3/100 000 in Caucasians to 20/100 000 in Chinese.
HCC, hepatocellular carcinoma.

Figure 3 Incidence of hepatocellular carcinoma (HCC). HBsAg,
hepatitis B surface-antigen.

Table 2 Baseline characteristics of HBeAg-positive patients
compared with HBeAg-negative patients among HBsAg-positive
patients (n=572)

Baseline
characteristics

HBeAg-positive
(n=237)

HBeAg-negative
(n=335) p Value

Age (years)
median, range

10.6 (0.5–70.8) 22.5 (0.9–68) <0.0001

M�aori (%) 194 (82%) 250 (75%) 0.0524
Gender (M:F) 1.9:1 1.5:1 0.22

HBeAg, hepatitis B e-antigen; HBsAg, hepatitis B surface-antigen.
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significant predictor for cirrhosis: HR 1.0 (95% CI 1.0 to 1.1),
p<0.05.

HBeAg loss
In 1984, 237 patients (41%) were HBeAg-positive. Baseline
HBeAg-positive status was associated with younger age and
M�aori ethnicity (table 2).

In 2012, repeat HBeAg serology was obtained in 201/237
(85%) HBeAg-positive patients. During the 3051 person-years
of follow-up, 184 (92%) underwent HBeAg seroconversion, at a
median age of 23 years (range 6–66 years) (figure 4). Of those
who lost HBeAg 95% developed antibodies to hepatitis B e-
antigen (HBeAb). The overall annual rate of HBeAg loss was
6% overall, with a trend to lower HBeAg loss with increasing
age at baseline, p=0.98 (table 3).

On univariate analysis, HBeAg loss was associated with
younger age and M�aori ethnicity. Baseline ALT was not asso-
ciated with HBeAg loss. On multivariate analysis, M�aori ethni-
city was the only independent baseline predictor of HBeAg loss
(table 4).

Only 6 of the 21 HBeAg-positive patients who received anti-
viral treatment achieved HBeAg seroconversion (29%).

HBsAg loss
Repeat HBsAg serology was obtained in 438 (77%) patients in
2012. During the 10 849 person-years of follow-up, 145 (33%)

became HBsAg-negative, at a median age of 40 years (4–80
years). The overall rate of HBsAg loss was 1.34/100 person-
years overall (figure 5), and increased with increasing age at
baseline; p<0.0001 (table 5). Of those who lost HBsAg, 95%
developed detectable anti-HBs and 78% developed levels
>10 IU/L.

On univariate analysis, HBsAg loss was associated with
increasing age and HBeAg-negative status at baseline. Baseline
ALT level was not associated with HBsAg loss.

On multivariate analysis using Cox proportional hazards
models, increasing age at baseline remains a significant baseline
predictor of HBsAg loss (table 6)

No patients developed HCC or had a liver-related death after
HBsAg clearance.

DISCUSSION
Previous published studies of CHB have been largely cross-
sectional studies from specialised hepatology clinics, thereby
skewed towards patients with severe liver disease, referred for
antiviral therapy. Longitudinal community-based studies are
necessary to accurately determine the natural history of
untreated CHB. In the recent REVEAL study from Taiwan,
population screening identified 3653 HBsAg-positive patients,
who were subsequently followed in the community for 11
years.20–22 All patients were of Chinese ethnicity with predom-
inantly vertically transmitted HBV genotypes B and C. In this

Figure 4 HBeAg loss. HBeAg, hepatitis B e-antigen.

Table 3 Calculated annual rates of HBeAg loss according to age
at study entry

Age at
entry
(years)

Number of
individuals
(n)

M�aori
(%)

Person-years
of follow-up

Number
with
HBeAg
loss

Rate of
HBeAg loss
(per 100
person-years)

<20 193 83 2513 156 6.2
20–39 36 89* 472 26 5.5*
>40 8 25† 76 2 2.6*
Total 237 82 3061 184 6.0

*p=NS for comparisons with <20 years group.
†p<0.0001 for comparisons with <20 years and 20–39 years.
HBeAg, hepatitis B e-antigen.

Table 4 Multivariate analysis of baseline predictors of HBeAg loss
(n=237)

Variables OR (95% CI)

Gender
Female 1.0 (reference)
Male 1.0 (0.7 to 1.4)

Age at study entry
1-year increment 1.01 (0.99 to 1.03)

Ethnicity
Non-M�aori (reference)
M�aori 1.7 (1.1 to 2.7)*

*p<0.05; Cox proportional hazards models.
HBeAg, hepatitis B e-antigen.

Figure 5 HBsAg loss. HBsAg, hepatitis B surface-antigen.
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current New Zealand study, 572 Polynesian patients with pre-
sumably horizontally transmitted HBV genotypes C and D,
were followed for almost 30 years.

The major strengths of this current study are the longer dur-
ation of follow-up and use of transient elastography to stage
fibrosis.

The incidence of HCC in this current study is 114/100 000
person-years, which is lower than previous community-based
longitudinal studies: 470/100 000 person-years in a study from
Toronto, Canada,32 822/100 000 person-years in the REVEAL
study and 1158/100 000 person-years in the Beasley study from
Taiwan.33 The lower incidence of HCC in this current study
may reflect the younger age at study entry (median 17 years in
this study compared with 45 years in the REVEAL study).
Subgroup analysis for those >30 years of age at study entry
revealed an incidence that is still very much lower (327/100 000
person years) than that in the REVEAL study (where all subjects
were >30 years old). Difference in ethnicity (Polynesian vs
Asian), age of HBV infection (early childhood rather than at
birth) and HBV genotype distribution (D vs B/C) may also con-
tribute to the observed differences in HCC incidence in the
current and REVEAL studies. All liver-related mortality was due
to HCC and not decompensated cirrhosis, again probably due
to the young age of the population, with very few patients with
cirrhosis.

The incidence of cirrhosis in our cohort is also lower than
previously reported: 0.4% overall per annum compared with
0.7–0.9% in other studies. This is despite the use of transient
elastography to define cirrhosis, which is expected to be more

sensitive at picking up cirrhosis than ultrasound scans used in
other studies. This difference seen is again most likely due to
the younger age of our population.

The rate of spontaneous HBeAg loss was higher (6% per annum)
and occurred at an earlier age (median 23 years vs 30–39 years) in
this current study than in previous Asian studies.34 The rate of spon-
taneous HBsAg loss was also higher (1.34% per annum) and
occurred earlier (40 years vs 50 years) in this current study. Many
different host and viral factors determine spontaneous seroconver-
sion and the differences observed between the current and previous
Asian studies may reflect differences in ethnicity, age of HBV infec-
tion, median age of the cohort and HBV genotype.35 In the Alaskan
study, where HBV transmission is also through early horizontal
infection, the rate of spontaneous loss of HBeAg was higher (7.3%
per annum) but rate of HBsAg loss was lower (0.5% per annum)
than this current study.14 The high HBeAg loss in the Alaskan study
may reflect the specific HBV genotype (F) found in this population.

The age of HBsAg loss has been shown to be important in
determining risk of HCC as many patients who undergo late
HBsAg seroconversion will already have advanced fibrosis or cir-
rhosis. In our cohort, no patients to date have developed HCC
after HBsAg loss. Those patients that were found to have severe
fibrosis (LSM>8 kPa) or cirrhosis on transient elastography
were offered continued lifelong HCC surveillance.16 36–38

Limitations of this study include the lack of documentation of
other cofactors of liver disease in the original study (alcohol
use, aflatoxin or co-infection with hepatitis C/HIV), lack of
fibrosis data at baseline and limited availability of ultrasound
screening for HCC.

In summary, early horizontally acquired HBV infection in
M�aori and Pacific Island Peoples is associated with increased
liver-related mortality due to an increased rate of HCC com-
pared with non-HBV infected controls. However, the natural
history of chronic HBV infection in M�aori and Pacific Island
Peoples appears to be more benign than that observed in Asian
studies, with a lower observed incidence of HCC, liver-related
mortality and cirrhosis, and higher rates and earlier age of
HBeAg and HBsAg loss. Further studies should investigate
which host and viral factors determine this more favourable
outcome.
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