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Abstract: Background and Aims: The epidemiology of hepatitis B virus
(HBV) infection in North America may be changing as a result of
immigration from endemic countries. The purpose of this study was to
determine the prevalence of HBV genotypes, precore (PC) and core promoter
(CP) variants, and the proportion of patients meeting treatment criteria for
HBV. Methods: A cross-sectional study of consecutive HBV patients
attending a Canadian tertiary liver center was conducted. HBV DNA was
quantified by polymerase chain reaction assay. HBV genotypes and variants
were determined using a line probe assay. Results: Two hundred and
seventy-two patients were enrolled; 200 were not receiving treatment at
enrollment, of whom 116 were men and 84 women with a mean age 42 � 14
years. Among this group, 177 (88%) patients were Asian and 19 (10%) were
Caucasian and 69 (35%) patients were hepatitis B e antigen (HBeAg)
positive. Genotypes B and C were found in 42% and 50% untreated patients,
respectively; while CP and PC were detected in 52% and 43% patients,
respectively. Approximately 20% patients not receiving treatment (29%
HBeAg positive, 14% HBeAg negative) met AASLD guidelines for antiviral
therapy. If lower cutoff values for alanine aminotransferase and HBV DNA
levels were used, 49% patients would qualify for treatment. Conclusions: The
vast majority of patients at a Canadian tertiary referral center were Asian.
Virological and clinical characteristics of these patients reflect their country
of origin. Our findings highlight the need to monitor the changing patterns of
HBV infection in countries with large immigrant populations.
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There is a paucity of data on the epidemiology
and natural history of hepatitis B in North
America. Previous studies have focused on indi-
genous populations in Alaska and Canadian Inuit
or First Nations communities (1–3). Although
the overall incidence of acute hepatitis B in

the United States has decreased as a result of
vaccination, chronic hepatitis B virus (HBV)
infection remains prevalent in high-risk groups
such as immigrants from endemic areas, injection
drug users and human immunodeficiency virus
(HIV)-infected persons (4).

The prevalence of HBV genotypes varies with
geographical location; genotypes A and D are
most common in Europe, while genotypes B
and C are prevalent in Asia (5, 6). Several
HBV genotypes can be further classified into
subtypes. For example, genotype B is divided
into two subtypes: Ba (Asia) which shows recom-

Abbreviations: HBV, hepatitis B virus; DNA, deoxyribonucleic
acid; ALT, alanine aminotransferase; HBeAg, hepatitis B e
antigen; HBsAg, hepatitis B surface antigen; PCR, polymerase
chain reaction; PC, precore; CP, core promoter; HCC, hepato-
cellular carcinoma; IU, international units; ULN, upper limit of
normal; SD, standard deviation.
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bination with genotype C in the precore (PC)/
core promoter (CP) region and Bj (Japan) which
does not have recombination with other geno-
types (7, 8). Subtype Bj is found almost exclu-
sively in Japan whereas subtype Ba can be found
in many Asian countries (9). HBV genotypes have
been shown to play a role in liver disease and
response to antiviral therapy (10, 11). For exam-
ple, HBV genotype B has been associated with
hepatitis B e antigen (HBeAg) seroconversion at
an earlier age, less active liver disease, slower
progression to cirrhosis and a higher rate of
HBeAg response to interferon therapy compared
with genotype C (12–14).
PC stop [G1986A] and CP [A1762T1G1764A]

mutations are the most common naturally occur-
ring HBV variants. These mutations diminish or
abolish production of HBeAg, and are commonly
found in patients with HBeAg negative chronic
hepatitis (15, 16). PC and CP variants are com-
mon in Europe and Asia but until recently were
thought to be rare in North America (17, 18).
These variants have been reported to be asso-
ciated with more active liver disease and increased
risk of hepatocellular carcinoma, although they
have also been found in inactive carriers (19, 20).
A recent study of almost 700 patients with

chronic HBV infection in the United States found
that 65% of patients were born outside the
United States. All major genotypes were present
and there was a strong correlation between HBV
genotypes and race and country of birth (21).
Contrary to earlier studies, PC and CP variants
were common, being found in 27% and 44%
patients, respectively, indicating that HBeAg ne-
gative chronic hepatitis may be on the rise in the
United States (22). The prevalence of chronic
HBV infection in the United States is estimated
to be 0.5% based on NHANES III conducted in
1988–1994. However, very few Asian Americans
were included in that survey. Studies conducted
among Chinese Americans in California in 2001
showed that prevalence of chronic HBV infection
was approximately 10% (23, 24). These data
suggest that the prevalence of chronic hepatitis
B in the United States may remain high due to
immigration from HBV-endemic countries, and
the serologic and virologic profiles of patients
with chronic HBV infection in the United States
reflect the country of birth.
The aims of this study were to determine the

distribution of HBV genotypes, the prevalence of
HBeAg, PC and CP variants among patients with
chronic HBV infection; and to estimate the pro-
portion of patients seen in a large Canadian urban
tertiary referral center who meet current practice
guidelines for antiviral treatment (25, 26).

Patients and methods

Patients and initial evaluation

A cross-sectional study of consecutive patients
with chronic HBV infection seen by two hepatol-
ogists (FSHW and DKHW) at the University
Health Network, Toronto, Canada from July
2003 to February 2004 was performed. All adult
patients who were HBsAg positive for at least 6
months were eligible for the study. Patients were
enrolled irrespective of HBeAg status, alanine
aminotransferase (ALT) level, HBV DNA level
or antiviral treatment status. Patients were ex-
cluded for hepatitis C virus (HCV), hepatitis D
virus (HDV) or HIV coinfection and for conco-
mitant causes of liver disease including alcohol
consumption 450g/day. Written informed con-
sent was obtained from each patient, and approval
for this study was obtained from the Research
Ethics Board at the University Health Network in
Toronto and the Institutional Review Board at the
University of Michigan in Ann Arbor, MI.
All patients were tested for HBeAg, antibody

to HBeAg (anti-HBe), HBV DNA by polymerase
chain reaction (PCR) assay, liver panel [aspartate
aminotransferase (AST), ALT (upper limit of
normal [ULN], 40 IU/l), alkaline phosphatase
(ALP), albumin and total bilirubin], complete
blood count, international normalized ratio
(INR), and a-fetoprotein (AFP). An abdominal
ultrasound was also performed to determine if
there were features of cirrhosis: coarse liver
architecture, nodular liver surface or a blunt liver
edge and splenomegaly and to detect liver tu-
mors. Liver biopsy was performed based on
clinical indications. HBV serology was tested
using commercial enzyme-linked immunosorbent
assays from Abbott Laboratories (North Chi-
cago, IL). An extra tube of blood was collected,
spun, divided into aliquots and stored at � 80 1C
to determine HBV genotype and PC and CP
variants in patients not receiving antiviral ther-
apy. Patients receiving antiviral therapy were
likely to have undetectable or very low levels of
HBV DNA which would preclude determination
of HBV genotype, PC and CP variants. In addi-
tion, sequences in the PC and CP regions may
have been affected by treatment.

Clinical data

Clinical data obtained at enrollment included
ethnicity, country of birth, family history of
HBV infection and hepatocellular carcinoma, pre-
scription and over-the-counter medication usage,
previous or current antiviral treatment for HBV,
alcohol consumption and current symptoms.
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HBV DNA quantification

Serum samples were shipped to the University of
Michigan (laboratory of ASFL) for quantifica-
tion of HBV DNA using a PCR assay, COBAS
Amplicor HB Monitor Assay (Roche, Branch-
burg, NJ), with a lower limit of detection of
200 copies/ml (40 IU/ml).

Determination of HBV genotype and subtype and
detection of PC and CP variants

All samples from patients not receiving antiviral
treatment that had detectable HBV DNA were
tested for HBV genotypes and PC (G1896A) and
CP (A1762T and G1764A) mutations. HBV
DNA was extracted using methods described
previously (27, 28). HBV genotype, PC and CP
mutations were determined by a line probe assay
(InnoLiPA HBV Genotype assay and InnoLiPA
HBV PC assay; InnoGenetics Inc., Ghent, Bel-
gium) (29). Subtyping of genotype B samples was
performed by direct sequencing. Briefly, HBV
DNA was extracted and the PC and core region
was amplified during one round of PCR as
described previously (27). Specific primers used
for PCR were P1 (sense) 50-TCG CAT GGA
GAC CAC CGT GA-30 (nt 1603–1624) and P2
(antisense) 50-GAG TGC GAA TCC ACA CTC
CA-30 (nt 2285–2266). Bidirectional automated
sequencing was performed at the DNA sequen-
cing core facility (University of MichiganMedical
Center, Ann Arbor, MI) using the standard
protocol for the Applied Biosystems DNA Se-
quencer 377 (Perkin Elmer Corp., Foster City,
CA). P1 (sense) primer was used for sequencing.
Isolates were classified as Ba or Bj based on
sequence divergence in the PC and core region
of the HBV genome. Isolates were classified as Ba
based on the detection of T1740, G1752, G1764,
A1838, G2020 and C2167, whereas Bj had C1740,
C1799, G1838, A2020 and T2167 (7). Subtypic
classification was further verified by comparison
with reference sequences in a phylogenetic analy-
sis using LaserGene software version 5.07
(DNASTAR, Madison, WI).

Statistics

Statistical testing was performed using SPSS
version 13.0 (SPSS Inc., Chicago, IL). For com-
parison of continuous variables, the two-tailed
Student’s t-test was used. The two-tailed w2 test
was used to compare categorical data. Binary
logistic regression was used to test for factors
predictive of both elevated ALT (�1�ULN,
40 IU/l) and high HBV DNA (�5 log10 copies/
ml), elevated ALT (�1�ULN) alone and high

HBV DNA (�5 log10 copies/ml) alone in a multi-
variable analysis. Variables tested included age,
gender, HBV genotype, HBeAg status, PC and
CP variants, ALT and HBV DNA levels, where
appropriate. HBV DNA levels were logarithmi-
cally transformed for analysis. P-values � 0.05
were considered statistically significant.

Results

Baseline characteristics

In total, 272 consecutive patients with chronic
HBV infection were seen during the study period.
Seventy-two patients (26%) were on antiviral
therapy at enrollment (Table 1); the majority
(490%) was taking lamivudine and the remain-
der interferon-a. The mean age of the patients on
treatment was 47� 14 years and 44 (61%) were
male. Most patients in the treated group (93%)
were Asians born outside of Canada. At the time
treatment was initiated, 31 (43%) patients were
HBeAg positive, median ALT was 73 IU/l (range,
16–932 IU/l) and mean HBV DNA was 6.1�
1.8 log10 copies/ml.

Baseline characteristics of the remaining 200
patients not receiving antiviral therapy are also
shown in Table 1. Among this group, the mean
age of the patients was 42� 14 years, and more
than half (58%) were men. The predominant
ethnic group was Asian (88%), followed by
Caucasian (10%) and others (2%). Most patients
were born in China (47%), Hong Kong (17%),
Vietnam (13%) or other countries in Southeast
Asia (4%). Only 13 patients (5%) were born in
Canada. Sixty-nine (35%) patients were HBeAg
positive, while the remaining 131 (65%) were

Table 1. Characteristics of patients

Untreated Treatedn

Total patients 200 72
Mean age � SD (years) 42 � 14 47 � 14w
Male (%) 116 (58) 44 (61)
Race

Asian (%) 177 (88) 67 (93)
Caucasian (%) 19 (10) 5 (7)
African Canadian (%) 4 (2) 0 (0)

Canadian born (%) 13 (5) 4 (6)
HBeAg positive (%) 69 (35) 31 (43)
Median ALT (range) (IU/l) 41 (3–1075) 73 (16–932)z
Mean HBV DNA � SD (log copies/ml) 5.9 � 2.4 6.1 � 1.8
Cirrhosis by US (%) 33/155 (21) NA
Antiviral treatment

Interferon – 4
Lamivudine – 68

nCharacteristics at the time antiviral treatment was started. wP 5 0.02.
zPo0.001. NA, not available; HBeAg, hepatitis B e antigen; HBV,
hepatitis B virus.
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HBeAg negative. Ultrasound features of cirrhosis
were observed in 33 of 155 (21%) patients.
Compared with the treated patients, the pa-

tients not receiving antiviral treatment were
younger (42� 14 vs. 47� 14 years, P5 0.02)
and had lower median ALT level (41 vs. 73 IU/
l, Po0.001). There was no significant difference
between the two groups in terms of gender,
HBeAg status or HBV DNA levels.

HBV genotypes, PC and CP variants

HBV DNA was detectable in 160 (80%) patients
not receiving antiviral treatment. HBV genotype
was determined in 151 patients; the remaining
nine patients had HBV DNA levels o3 log10 co-
pies/ml. Genotypes B (42%) and C (50%) pre-
dominated, while genotypes A, D and others
accounted for 3%, 3% and 2%, respectively
(Fig. 1). No cases of mixed genotype infection
were detected. Subtyping results were obtained in
61 of 64 genotype B isolates; all isolates belonged
to subtype Ba and no subtype Bj was observed
(Fig. 2). PC variant was found among 66 (43%)
patients, CP variant in 79 (52%) patients, both
PC and CP mutations (double variants) in 36
(24%) patients, while wild-type sequences in both
regions were present in only 42 (28%) patients.

Comparison between HBeAg-positive and HBeAg-
negative patients

Among the 200 patients who were not receiving
antiviral therapy, 69 (35%) were HBeAg positive
and 131 (65%) were HBeAg negative (Table 2).
HBeAg-positive patients were significantly
younger than HBeAg-negative patients (35� 12
vs. 45� 13 years) but there was no difference in
gender between the two groups. Median ALT
levels were similar in HBeAg positive and in
HBeAg-negative patients, but the proportion of
HBeAg-positive patients with normal ALT
(o1�ULN) was significantly lower, 35% vs.
54% (P5 0.009). Mean HBV DNA level was
significantly higher among HBeAg-positive pa-

tients (8.1� 1.5 log10 copies/ml) compared to
HBeAg-negative patients (4.8� 2.0 log10 copies/
ml), and the proportion of HBeAg-positive pa-
tients with HBV DNA � 5 log10 copies/ml was
also higher (96% vs. 44%, Po0.001). A higher
proportion of HBeAg-negative patients had fea-
tures of cirrhosis on abdominal ultrasound (28%
vs. 10%, P5 0.01). PC and CP variants were also
more common among HBeAg-negative patients
(Po0.001).
The distribution of untreated patients accord-

ing to HBeAg status, ALT levels and HBV DNA
levels is illustrated in Fig. 3. Among 69 HBeAg-
positive patients, 23 patients had normal ALT,
of whom 20 had HBV DNA � 5 log10 copies/ml.
Forty-six HBeAg-positive patients had ALT �
1�ULN and HBV DNA � 4log10 copies/ml,
while 20 had ALT � 2�ULN and HBV
DNA � 5 log10 copies/ml. When HBeAg-positive
patients with normal ALT were compared with
those with elevated ALT, there was no significant
difference in age, platelet count, mean HBVDNA
levels, HBV genotype or CP variants. However,
there was a higher prevalence of males (60% vs.
30%, P5 0.02) and a trend towards a higher
prevalence of PC variants (33% vs. 13%,
P5 0.07) in the group with elevated ALT.
Among 131 HBeAg-negative patients, 70 had

normal ALT, of whom 53 had HBV DNA
o5 log10 copies/ml and 13 had undetectable
HBV DNA by PCR. Sixty-one HBeAg-negative
patients had elevated ALT, 51 had
ALT � 1�ULN and HBV DNA � 4 log10 co-
pies/ml, while 18 had ALT � 2�ULN and
HBV DNA � 5 log10 copies/ml. Compared with
patients with normal ALT, those with elevated
ALT showed no difference in age, gender, platelet
count, HBV genotype, PC or CP mutants. How-
ever, mean HBV DNA level was significantly
higher among patients with elevated ALT
(5.8� 1.9 vs. 3.9� 1.5 log10 copies/ml, Po0.001).

Comparison between patients with genotypes B and C

Comparisons between patients with genotypes B
and C are shown in Table 3. Sixty-five patients
were infected with genotype B and 75 with
genotype C. The mean age, gender distribution
and median ALT levels were not significantly
different between the two groups. Genotype C
patients had a higher prevalence of HBeAg (59%
vs. 37%, P5 0.01) and higher mean HBV DNA
level (7.3� 1.6 vs. 6.6� 1.8 log10 copies/ml,
P5 0.03). Genotype C patients were more likely
to have CP variants (Po0.001), whereas geno-
type B patients were more likely to have PC
variants (Po0.001). Among HBeAg-positive

A

B

C

D

Other

Fig. 1. Distribution of hepatitis B virus (HBV) genotypes. HBV
genotypes were determined in 151 patients not receiving anti-
viral therapy. Genotypes B and C were most common (42% and
50%, respectively); genotypes A, D and others accounted for
3%, 3% and 2%, respectively.
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patients, those with genotype B were significantly
younger (31� 9 years) compared with those with
genotype C (38� 12 years).

Predictors of elevated ALT and HBV DNA

When all 200 untreated patients were analyzed,
only the presence of HBeAg predicted concomi-
tant elevated ALT ( � 1�ULN) and high HBV
DNA (� 5 log10 copies/ml) (OR5 2.3, 95% CI
1.1–5.1) (Table 4). When HBeAg-positive patients
and HBeAg-negative patients were analyzed sepa-
rately, male gender and the presence of PC var-
iants were significantly associated with elevated

ALT and high HBVDNA among HBeAg positive
and HBeAg-negative patients, respectively.

Predictors of high HBV DNA ( � 5 log10 copies/
ml) only included HBeAg status, ALT � 1�
ULN, and the presence of PC variants (Table 5).
Among the HBeAg-positive patients, none of the
variables analyzed was predictive of high HBV
DNA, although there was trend for CP variants
(P50.06). For HBeAg-negative patients, elevated
ALT (OR5 5.3, 95% CI 1.8–15.4) and PC var-
iants (OR5 3.1, 95% CI 1.0–9.7) were associated
with high HBV DNA.

When all patients were analyzed (Table 6), the
only predictor of elevated ALT was HBV

Nucleotide Substitutions (×100)

0
13.4

24681012

185_babj
22_babj
13_babj
72_babj
85_babj
11_babj
188_babj
95_babj
88_babj
118_babj
122_babj
109_babj
12_babj
6_babj
111_babj
170_babj
186_babj
71_babj
124_babj
58_babj
177_babj
70_babj
199_babj
78_babj
120_babj
50_babj
123_babj
66_babj
AF100309[Ba_ref]
175_babj
132_babj
160_babj
9_babj
176_babj
145_babj
29_babj
163_babj
179_babj
52_babj
68_babj
140_babj
198_babj
172_babj
173_babj
147_babj
46_babj
157_babj
62_babj
178_babj
127_babj
131_babj
AB033556[C_ref]
D00329[Bj_ref]

Ba

Bj

Fig. 2. Subtypes of hepatitis B virus (HBV) genotype B. A phylogenetic analysis of HBV genotype B based on the precore/core region
is shown. Sequencing data from 61 patients clustered together with the reference Ba strain; no isolates clustered with the reference Bj
strain.
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DNA � 5 log10 copies/ml (OR5 7.2, 95% CI
2.5–21.0). Male gender and the presence of PC
variants predicted high ALT among HBeAg-
positive patients while elevated HBV DNA level
was predictive of elevated ALT (OR5 5.1, 95%
CI 1.8–14.6) among HBeAg-negative patients.

Discussion

In this study, we found that 90% of patients with
chronic HBV infection seen at a Canadian urban
tertiary referral liver clinic were Asian and 95%
of patients were born outside Canada. The pro-
portion of patients who were first generation
Asians was higher than a recent study in the
United States. This may be related to differences
in immigration patterns between Canada and the
United States, or location of the study. The
patients in this study were enrolled from the
clinics of two Chinese–Canadian hepatologists
in Toronto where approximately 15% of the
population is comprised of immigrants from
Asia (30), whereas the US study involved 17 liver
centers located all over the country (21).
As expected, in this predominantly Asian po-

pulation, the vast majority was infected with
HBV genotypes B and C, the most common
genotypes in Asia. All the genotype B isolates in
this study belonged to subtype Ba consistent with
the fact that 83% of the patients were born in
China, Hong Kong, Taiwan or Vietnam and none
in Japan. In this cross-sectional study, we found
that genotype B patients were less likely to be
HBeAg positive and to have lower HBV DNA
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Table 2. Comparison of untreated patients by HBeAg status

HBeAg1 HBeAg� P-value

No. of patients (%) 69 131 –
Mean age � SD (years) 35 � 12 45 � 13 o0.001
Male (%) 34 (49) 82 (63) 0.09
Normal ALT (%) 24 (35) 71 (54) 0.009
Median ALT (range) (IU/l) 51 (3–1054) 36 (11–1075) 0.09
Mean platelets � SD

(�103/mm3)
216 � 59 200 � 60 0.09

Mean HBV DNA � SD
(log10 copies/ml)

8.1 � 1.5 4.8 � 2.0 o0.001

HBV DNA � 5 log10

copies/ml (%)
66 (96) 57 (44) o0.001

HBV DNA � 4 log10

copies/ml (%)
68 (98) 83 (63) o0.001

PCR-positive (%) 68 (98) 102 (78) o0.001
PC variant (%) 18/68 (26) 48/84 (57) o0.001
CP variant (%) 24/68 (35) 54/84 (64) o0.001
Both PC1CP (%) 6/68 (9) 30/84 (36) o0.001
Wild type (%) 32/68 (47) 10/84 (12) o0.001
Cirrhosis by US (%) 6/57 (10) 27/98 (28) 0.01

ALT, alanine aminotransferase; HBV, hepatitis B virus; PCR, polymerase
chain reaction; PC, precore; CP, core promoter; HBeAg, hepatitis B e
antigen.
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levels. These findings are in accord with previous
reports that genotype B patients undergo HBeAg
seroconversion at a younger age (11).
At the time of enrollment, 26% of the patients

were receiving antiviral therapy. As expected,
patients receiving antiviral therapy were more
likely to have elevated ALT before treatment
than the patients who were not receiving antiviral
therapy. However, there was no difference in
HBeAg status and HBV DNA levels between

the treated and untreated patients. This may be
related to a high (57%) proportion of patients
receiving treatment for HBeAg negative chronic
hepatitis. It must be emphasized that the decision
to treat was based on many factors including
serial laboratory values, liver histology, presence
of cirrhosis and a history of prior hepatitis flares.
Not all of these data were collected, thus we could
not analyze factors leading to the decision to treat.

Table 3. Comparison of untreated patients with HBV genotype B and genotype C

Genotype B Genotype C P-value

All patients
No. of patients 65 75 –
Mean age � SD (years) 40 � 13 41 � 13 0.58
Male (%) 32 (49) 45 (60) 0.28
Median ALT (range) (IU/l) 47 (3–1075) 54 (12–1054) 0.35
Abnormal ALT (%) 39 (60) 50 (67) 0.48
HBeAg1 (%) 24 (37) 44 (59) 0.01
Mean HBV DNA � SD (log10 copies/ml) 6.6 � 1.8 7.3 � 1.6 0.03
HBV DNA � 5 log10 copies/ml (%) 49 (75) 68 (91) 0.02
HBV DNA � 4 log10 copies/ml (%)n 65 (100) 75 (100) –
Mean platelets � SD (� 103/mm3) 208 � 62 208 � 58 0.99
PC variant (%) 43 (66) 16 (21) o0.001
CP variant (%) 22 (34) 48 (64) o0.001
Cirrhosis by US (%) 10/52 (19) 12/60 (20) 0.92

HBeAg1 patients
No. of patients 24 44 –
Mean age � SD (years) 31 � 9 38 � 12 0.01
Median ALT (range) (IU/l) 47 (3–234) 56 (17–1054) 0.31
Abnormal ALT (%) 15 (63) 30 (68) 0.64
Mean HBV DNA � SD (log10 copies/ml) 8.2 � 1.3 8.1 � 1.3 0.81
HBV DNA � 5 log10 copies/ml (%) 23 (96) 43 (98) 0.77
HBV DNA � 4 log10 copies/ml (%)n 24 (100) 44 (100) –
Mean platelets � SD (� 103/mm3) 235 � 68 205 � 52 0.07
Cirrhosis by US (%) 1/20 (5) 5/36 (14) 0.55

HBeAg� patients
No. of patients 41 31 –
Mean age � SD (years) 45 � 12 46 � 13 0.77
Median ALT (range) (IU/l) 48 (17–1075) 50 (12–376) 0.52
Abnormal ALT (%) 24 (59) 19 (61) 0.82
Mean HBV DNA � SD (log10 copies/ml) 5.8 � 1.4 6.2 � 1.3 0.25
HBV DNA � 5 log10 copies/ml (%) 26 (63) 24 (77) 0.34
HBV DNA � 4 log10 copies/ml (%)n 41 (100) 31 (100) –
Mean platelets � SD (� 103/mm3) 192 � 54 211 � 68 0.21
Cirrhosis by US (%) 9/32 (28) 7/24 (29) 0.93

nFor patients in whom genotype could be determined, all had HBV DNA43 log10 copies/ml. Thus, all patients in this group also had HBV
DNA44 log10 copies/ml. ALT, alanine aminotransferase; HBV, hepatitis B virus; PC, precore; CP, core promoter; HBeAg, hepatitis B e antigen.

Table 4. Predictors of elevated ALT (� 1 � ULN) and high HBV DNA

(� 5 log10 copies/ml)

OR 95% CI P-value

All patients
HBeAg1 2.3 1.1–5.1 0.04

HBeAg1 patients
Male 3.8 1.1–13.8 0.04

HBeAg� patients
PC variants 2.6 1.1–6.6 0.04

HBeAg, hepatitis B e antigen; PC, precore; ULN, upper limit of normal.

Table 5. Predictors of high HBV DNA (� 5 log10 copies/ml)

OR 95% CI P-value

All patients
HBeAg1 18.8 2.2–163.0 0.008
ALT � 1 � ULN 5.8 2.0–16.7 0.001
PC variants 4.0 1.3–12.4 0.02

HBeAg1 patients
CP variants 9.8 1.1–101 0.06

HBeAg� patients
ALT � 1 � ULN 5.3 1.8–15.4 0.002
PC variants 3.1 1.0–9.7 0.05

HBV, hepatitis B virus; PC, precore; HBeAg, hepatitis B e antigen; ULN,
upper limit of normal.
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Reliance on abdominal ultrasound alone without
liver biopsy may have led to an underestimation
of the prevalence of cirrhosis in this study. Also,
due to the heterogeneity in treatment regimens
and variations in the duration of treatment, the
treated group could not be further analyzed.
Among the patients who were not receiving

treatment, 29% of the HBeAg-positive and 14%
of the HBeAg-negative patients were treatment
candidates using cutoff values of ALT � 2�ULN
and HBV DNA � 5 log10 copies/ml recom-
mended by current AASLD guidelines, which
are similar to European, Asia-Pacific and Cana-
dian guidelines (26, 31–33). Given the fluctuating
course of chronic HBV infection, it is possible
that a higher proportion of patients would meet
these criteria during follow-up testing. In addi-
tion, some patients with lower ALT and/or HBV
DNA levels may be considered for treatment
based on histological evidence of moderate/severe
inflammation and/or advanced fibrosis. Finally,
some investigators have proposed lowering the
threshold ALT and HBVDNA levels for initiating
antiviral treatment, particularly among HBeAg-
negative patients (34). If treatment criteria were
expanded to include those with ALT � 1�ULN
and HBV DNA � 4 log10 copies/ml, 49% would
be considered treatment candidates. Together with
the 26% patients who were receiving antiviral
therapy at enrollment, we estimate that 40–70%
of patients with chronic HBV infection seen in a
tertiary referral liver center would be treatment
candidates. However, the proportion of patients
with chronic HBV infection in the community that
are candidates for antiviral therapy is likely to be
substantially lower. As in the US study, we found
that most of the patients with chronic HBV
infection presenting to a Canadian tertiary referral
center were HBeAg negative. In addition, PC and
CP variants were found in almost half of our
patients, 42% and 53% patients, respectively.
These findings confirm that HBeAg negative var-
iants are not uncommon outside of Asia and
Southern Europe. Our data are similar to those

reported in a previous study of Chinese patients
seen in a hepatology clinic in Hong Kong (35).
As a group, the most important predictor of

elevated ALT and high HBV DNA level was
HBeAg status: HBeAg-positive patients were
two times more likely to have elevated ALT and
high HBV DNA compared with HBeAg-negative
patients. The degree of observed difference in
ALT and HBV DNA levels between HBeAg-
positive and HBeAg-negative patients is related
to the age of the patients and the referral pattern.
Inclusion of a high proportion of young patients
with perinatally acquired HBV infection, who are
in the immune tolerant phase, will skew the
HBeAg-positive group towards high HBV DNA
but low ALT levels, while inclusion of a high
proportion of patients in the inactive carrier
phase will skew the HBeAg-negative group to-
wards low HBV DNA and ALT levels. Lack of
an association between CP variants and liver
disease among all patients may be related to use
of single time-point laboratory values and rela-
tively short follow-up.
In summary, we found that most patients with

chronic HBV infection seen in an urban tertiary
liver clinic in Canada were Asian immigrants. We
acknowledge that the Asian background of the
two hepatologists in this clinic may have led to a
referral bias. However, other studies in North
America have confirmed that the pattern of HBV
infection is largely dictated by immigration from
endemic countries (21, 36). In this predominantly
Asian cohort, the prevalence of HBV genotypes
and PC and CP variants mimics that seen
in Asian countries (17, 35). Based on a single
evaluation, approximately 20% of patients (29%
HBeAg positive and 14% HBeAg negative) that
are currently not receiving antiviral therapy meet
current AASLD guidelines for treatment. Be-
cause of the fluctuating course of chronic HBV
infection, patients who do not meet criteria for
initiation of treatment during initial evaluation
should be closely monitored as HBV DNA and
ALT levels may increase during follow-up.
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Table 6. Predictors of elevated ALT (� 1 � ULN)

OR 95% CI P-value

All patients
HBV DNA � 5 log10 copies/ml 7.2 2.5–21.0 o0.001

HBeAg1 patients
PC variants 18.4 1.9–180.3 0.01
Male 4.3 1.1–16.8 0.03

HBeAg� Patients
HBV DNA � 5 log10 copies/ml 5.1 1.8–14.6 0.002

HBV, hepatitis B virus; HBeAg, hepatitis B e antigen; PC, precore; ULN,
upper limit of normal.
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