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Hepatitis B virus (HBV) is a major global pathogen, 
with an estimated 240 million chronic HBV carri-
ers worldwide,1,2 especially in Asia and sub-Saharan 

Africa. Despite universal childhood vaccination in Canada 
since the mid-1990s, chronic HBV infection (positive test 
result for hepatitis B surface antigen [HBsAg] for > 6 mo) 
affects about 260 000 Canadians, particularly those who 
were born in HBV-endemic regions and those living in 
larger urban centres.2 Chronic HBV infection can lead to 
severe liver disease including cirrhosis, liver failure and liver 
cancer.3 Current potent oral antiviral therapies (e.g., 
nucleos/tide analogues) rarely lead to HBsAg clearance but 
are highly effective in suppressing HBV replication and pre-
venting liver disease development.4,5 Ongoing monitoring of 
all chronic HBV carriers is recommended to determine liver 
disease risk and need for antiviral therapy. Monitoring 
includes laboratory assessments (alanine aminotransferase 

[ALT] levels, HBV DNA levels or viral load, and serology of 
HBV e antigen [HBeAg] and HBV e antibody [HBeAb])4 as 
well as ultrasonography for liver cancer surveillance based 
on age and presence of other risk factors (e.g., family history 
of liver cancer, coinfection).4–7

HBV infection is reportable to the Public Health Agency of 
Canada, but the prevalence and incidence of the infection in 
Canada is likely underestimated owing to a lack of standardized 
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Background: Despite universal vaccination, chronic hepatitis B virus (HBV) infection remains a public health concern in North America 
owing to immigration. We aimed to characterize the number of people with a positive result of testing for HBV surface antigen 
(HBsAg) in Calgary, a large urban Canadian health care region, and to assess whether recommended laboratory tests and specialist 
consultation were done for those identified as HBsAg-positive.

Methods: Based on laboratory and Alberta Health Services administrative data, we identified all adults (age > 18 yr) with a positive 
HBsAg test result from Jan. 1 to Dec. 31, 2014 within the Calgary Zone. Demographic and relevant laboratory data were extracted 
within 6 months of a positive HBsAg test result, and referral to hepatology (2011–2014) was identified from data on referral to a cen-
tralized clinic. Parametric and nonparametric statistical methods were used for analyses.

Results: We identified 1214 HBsAg-positive people (584 women [48.1%]; median age 44 [interquartile range (IQR) 36–55] yr). A total 
of 1192 people (98.2%) had alanine aminotransferase testing (median level 23 [IQR 16–34] U/L; 117 [9.8%] with elevated levels), 682 
(56.2%) had testing for HBV DNA (median level 2.8 [IQR 2.1–3.8] logIU/mL), 630 (51.9%) had HBV e antigen testing (negative result 
in 548 [87.0%]), and 145 (11.9%) had HBV e antibody testing (positive result in 111 [76.6%]). Overall, 144 people (11.9%) received 
anti-HBV treatment, and 390 (32.1%) were referred to a hepatologist.

Interpretation: Many HBsAg-positive people in Calgary did not receive the recommended laboratory assessments. The results high-
light the necessity of continual public health efforts to screen for chronic HBV infection in Canada and to ensure adequate follow-up in 
order to reach the World Health Organization’s goal of viral hepatitis elimination by 2030.
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nationwide reporting practices.8 The Public Health Agency of 
Canada estimated rates of chronic HBV infection in 20128 but 
excluded data from Ontario, which has a relatively high preva-
lence of chronic HBV infection. The 2016 report on HBV by 
the agency lacked data from 2 provinces (Newfoundland and 
Labrador, and Prince Edward Island) and 2 territories (North-
west Territories and Nunavut).9 Furthermore, as a result of 
differences in reporting practices, the agency’s estimates of the 
prevalence and incidence of chronic HBV infection in British 
Columbia were lower than those reported by the BC Centre 
for Disease Control.10

The World Health Organization has advocated for tar-
geted prevention and treatment strategies in an ambitious ini-
tiative to eliminate viral hepatitis as a public health threat by 
2030.11 A key service coverage target is to increase diagnosis 
of HBV infection and identify those needing treatment to 
30% by 2020 and 90% by 2030.

We hypothesized that there is suboptimal follow-up and 
referral of chronic HBV carriers in Calgary, a large urban 
Canadian centre. To increase understanding and appreciation 
of the burden of chronic HBV disease in Canada, we aimed to 
identify the number of HBsAg-positive adults in Calgary and to 
characterize the relevant laboratory investigations performed.

Methods

Setting and study population
We conducted a retrospective cohort study that used adminis-
trative data to identify all adults (age > 18 yr) with positive 
results of testing for HBsAg within the Calgary Zone of 
Alberta Health Services between Jan. 1 and Dec. 31, 2014. 
Each individual record included in the Alberta Health Ser-
vices data repository has a unique identifier (provincial health 
number) that is given to Alberta residents registered with the 
Alberta Health Care Insurance Plan, a universal plan that cov-
ers more than 99% of residents.12

Data sources
Available demographic (sex and age) and laboratory (ALT and 
HBV DNA levels, and HBeAg and HBeAb serology) infor-
mation for the cohort was extracted from the Alberta Health 
Services data repository within 6 months of an HBsAg-
positive test result. We obtained clinical referral data, includ-
ing appointment dates, from the Cerner Millennium system, 
used for clinical scheduling for hepatologists in Calgary. We 
extracted treatment information from the Alberta Pharmacy 
Information Network. Provincial registry and laboratory 
administrative data were cross-referenced with clinical referral 
data, including data for people who subsequently received 
antiviral treatment, obtained from the electronic referral and 
treatment database at the Calgary Liver Unit, Division of 
Gastroenterology and Hepatology, University of Calgary. 
The Calgary Liver Unit, serving a catchment area of 1.2 mil-
lion in southern Alberta, operates a centralized outpatient 
referral clinic for all patients with viral hepatitis. Details on 
the Calgary Liver Unit clinic referral structure, patient assess-
ment and treatment database have been previously pub-

lished.13–16 It is standard clinical practice for all newly referred 
patients with hepatitis B to undergo liver fibrosis assessment 
by transient elastography (FibroScan [Echosens]). Serologic 
testing for HBsAg and HBeAb was performed by immunoas-
say at the Alberta Provincial Laboratory (Abbott Architect), 
and serum HBV DNA levels were determined by means of 
the Abbott RealTime HBV assay, with a lower limit of detec-
tion of 10 IU/mL (Abbott Diagnostics).

Statistical analysis
Clinically significant laboratory test results were defined as an 
ALT level twice the upper limit of normal (≥  38 U/L in 
females and ≥  60 U/L in males) and an HBV DNA level of 
3.3 logIU/mL (2000 IU/mL) or greater.4,5 We used the Fisher 
exact test or χ2 test for categorical data and the Kruskal–Wallis 
or Student t test for continuous data based on data fulfilment 
of normal distribution assumptions. Continuous variables were 
summarized as median and interquartile range (IQR), and cat-
egorical variables were expressed as number and percentile. 
We performed all statistical analyses using Stata 14.1 (Stata-
Corp) with an a priori significance level of 0.05.

Ethics approval
The study received ethics approval from the University of 
Calgary Conjoint Health Research Ethics Board, according to 
the Declaration of Helsinki.

Results

A total of 1214 people (584 women [48.1%]; median age 
44 [IQR 36–55] yr) tested positive for HBsAg within the Cal-
gary Zone between Jan. 1 and Dec. 31, 2014. In addition, 
24 people (2.0%) tested positive for hepatitis C virus antibody 
(anti-HCV), indicating previous or current HCV infection. 
Of the 24, 19 received HCV RNA testing; all results were 
positive, thus confirming HBV–HCV coinfection.

Of the 1214 HBsAg-positive people, 1192 (98.2%) were 
tested for ALT, 682 (56.2%) for HBV DNA, 630 (51.9%) for 
HBeAg, and 145 (11.9%) for HBeAb; 125 people (10.3%) 
received testing for all 4 measures. Test results are given in 
Figure 1.

Although 117 people were found to have clinically signifi-
cant ALT levels, potentially needing consideration for antiviral 
therapy, 49 (41.9%) did not have concomitant HBV DNA 
testing within the assessment period. Despite the incomplete 
laboratory testing in many cases, 31 people (21 men [67.7%]; 
median age 42 [IQR 33–55] yr) were found to have both ele-
vated ALT and elevated HBV DNA levels, thereby potentially 
meeting criteria for ongoing close follow-up and/or needing 
referral for consideration of anti-HBV therapy. However, only 
13 (41.9%) of the 31 were subsequently treated for HBV 
infection.

Treatment and clinical referral
A total of 144 people (11.9%) received anti-HBV therapy. The 
most common antiviral therapy was tenofovir (104 patients 
[72.2%]), followed by entecavir (26 [18.0%]), pegylated-
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interferon (9 [6.2%]), lamivudine (3 [2.1%]), adefovir 
(1  [0.7%]) and telbivudine (1 [0.7%]). At last follow-up, the 
median transient elastography measurement in 121 patients 
was 6.9 (IQR 4.3–10.2) kPa.

Overall, 390 (32.1%) of the 1214 people received specialist 
consultation with a hepatologist between 2011 and 2016, of 
whom 389 (99.7%) were tested for ALT, 286 (73.3%) for 
HBV DNA, 273 (70.0%) for HBeAg and 60 (15.4%) for 
HBeAb (Table 1). A total of 54/389 patients (13.9%) had 
clinically significant ALT elevation, and 231/273 (84.6%) 
were HBeAg-negative. Of the 390 patients, 14 (3.6%) were 
identified as potentially eligible for antiviral therapy owing to 
clinically significant ALT and HBV DNA levels; 7 (50%) of 
the 14 received anti-HBV treatment.

Of the 824 people who did not see a specialist, 803 (97.4%) 
had ALT testing, similar to the proportion of people who saw 
a specialist. Compared to those with specialist consultation, 
significantly fewer people without specialist consultation had 
testing for HBV DNA (396 [48.0%], p < 0.01), HBeAg (357 
[43.3%], p < 0.01) and HBeAb (85 [10.3%], p = 0.01) (Table 
1). Six (35%) of the 17 people potentially eligible for anti-
HBV therapy received antiviral treatment; this proportion was 
not significantly different from that among people who saw a 
specialist.

Interpretation

Of 1214 HBsAg-positive people in a single large urban Cana-
dian centre in 2014, only 1 in 10 had testing for all 4 labora-
tory measures, and most (67.9%) had no consultation with a 
specialist over a 5-year period (2011–2016). Only 13.0% of 
those tested for HBeAg had a positive result, but this finding 
is not surprising given the age of the cohort (median 44 yr), 
who would have transitioned to the so-called inactive carrier 
phase or the later-state HBeAg-negative/reactivation phase. 
Data are not available on the prevalence of basal core pro-
moter/precore mutations to confirm the latter.

About 300 000 people, including those born in Canada and 
those born elsewhere, moved to Calgary between 2005 and 
2015.17 Migration — namely, immigration of people from 
HBV-endemic areas — contributes to an increased incidence of 
HBV infection in Canada and other Western countries (e.g., 
United States) as the prevalence of HBV infection among 
immigrants is generally higher than that of their adoptive coun-
try.18,19 Interestingly, many developed countries similarly report 
suboptimal diagnostic and management rates for chronic HBV 
infection.20–24 It is also noteworthy that 19 (1.6%) of our 
1214 subjects were found to be coinfected with HCV (i.e., posi-
tive for anti-HCV and HCV RNA), another major risk factor 

HBsAg-positive people
n = 1214

ALT
n = 1192 (98.2%)

HBV DNA
n = 682 (56.2%)

HBeAg
n = 630 (51.9%) 

Median level 23
(IQR 16–34) U/L

Detectable
n = 533 (78.2%)

Negative
n = 548 (87.0%)

Clinically 
significant level
n = 117 (9.8%) 

Clinically 
significant level
n = 179/682 

(26.2%)

Undetectable
n = 149/682 

(21.8%)

Clinically significant ALT and 
HBV DNA levels 

n = 31

Received anti-HBV treatment 
n = 13 (41.9%)

HBeAb
n = 145 (11.9%) 

Positive
n = 111 (76.6%)

HBV DNA
n = 433 (79.0%) 

Median level 2.4
(IQR 1.4–3.3) 

logIU/mL

Median level 2.8
(IQR 2.1–3.8)

logIU/mL

Figure 1: Results of laboratory investigations in 1214 people with positive results of testing for hepatitis B surface antigen (HBsAg) in Calgary in 
2014. ALT = alanine aminotransferase, HBeAb = HBV e antibody, HBeAg = HBV e antigen, HBsAg = hepatitis B surface antigen, HBV= hepati-
tis B virus, IQR = interquartile range.
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for chronic liver disease. A study in a US National Veterans 
cohort showed that chronic HCV carriers with documented 
HBV viremia were at significantly higher risk for cirrhosis 
compared to those with HBV monoinfection.25

Our findings are similar to those of a study on care deliv-
ery and outcomes among US veterans with chronic HBV 
infection, in which a low rates of recommended laboratory 
testing (ALT 97%, HBV DNA 44%, HBeAg/anti-HBe 
< 50%) and liver imaging were found.26 In both our cohort 
and the US veterans, a higher proportion of people who 
received specialist care than of those who did not receive spe-
cialist care had HBV DNA and HBeAg testing. Our findings 
are also compatible with data from the Hepatitis B Research 
Network, a prospective observational cohort of 1625 adult 
chronic HBV carriers in 21 clinical centres in the US and 
Toronto in which 74% (50% male; median age 42 yr) were 
HBeAg-negative.27

Limitations
The current study is limited owing to the use of retrospec-
tive administrative laboratory data, some of which were not 
available before 2011. Thus, many of the people identified in 
the 1-year study period may not have had newly diagnosed 
chronic HBV infection, and it is unknown whether some 
had specialist assessment and were deemed not to need anti-
viral therapy or ongoing close follow-up. Nonetheless, we 
expect that a substantial number of cases were newly diag-
nosed because repeat HBsAg testing is not usually necessary, 
as spontaneous HBsAg loss is rare, reported to occur in less 
than 1% of chronic HBV carriers.28–30 A further limitation is 
the inability to distinguish between acute and chronic HBV 
infection. However, the number of acute HBV infections in 
Canada is expected to be minimal. For example, in 2013, 
only 27 people were identified as experiencing acute HBV 
infection in Alberta.9 In fact, it is likely that the current 

Table 1: Laboratory assessments performed in 1214 people with positive results of testing for 
hepatitis B surface antigen in Calgary in 2014, by whether they received a specialist 
consultation

Test; variable

No. (%) of people*

p value

Specialist 
consultation
n = 390

No specialist 
consultation
n = 824

ALT 389 (99.7) 803 (97.4) 0.01

Median level (IQR), U/L 23.5 (17–36) 22 (16–33) 0.02

Level ≥ 2 times upper limit of 
normal†

54 (13.9) 63 (7.8) < 0.01

HBV DNA 286 (73.3) 396 (48.0) < 0.01

Median level (IQR), logIU/mL 2.4 (1.1–3.5) 2.5 (1.5–3.4) 0.4

< 1 logIUmL 79 (27.6) 75 (18.9) < 0.01

≥ 3.3 logIUmL† 77 (26.9) 103 (26.0) 0.8

HBeAg 273 (70.0) 357 (43.3) < 0.01

Negative result 231 (84.6) 317 (88.8) 0.2

HBeAb 60 (15.4) 85 (10.3) 0.01

Positive result 45 (75.0) 66 (77.6) 0.8

HBV DNA testing in people with 
ALT level ≥ 2 times upper limit 
of normal

37 (68.5) 31 (49.2) 0.04

Median level (IQR), logIU/mL 2.8 (1.5–4.9) 4.1 (1.4–5.8) 0.5

< 1 logIUmL 7 (18.9) 6 (19.4) 1.0

≥ 3.3 logIUmL 14 (37.8) 17 (54.8) 0.2

HBV DNA testing in HBeAb-
negative people

186 (80.5) 247 (77.9) 0.5

Median level (IQR), logIU/mL 2.5 (1.2–3.3) 2.5 (1.6–3.3) 0.3

< 1 logIUmL 51 (27.4) 39 (15.8) < 0.01

≥ 3.3 logIUmL 46 (24.7) 60 (24.3) 0.9

Note: ALT = alanine aminotransferase, HBV = hepatitis B virus, HBeAb = HBV e antibody, HBeAg = HBV e antigen, IQR = 
interquartile range.
*Except where noted otherwise.
†Clinically significant level.
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study may underestimate the burden of HBsAg-positive 
cases. We excluded all those with a positive result of testing 
for HBsAg who did not have an ordering physician based in 
the Calgary Zone or were not registered within the Calgary 
Zone or the provincial health care system (i.e., did not have 
a provincial health number). Furthermore, just before the 
study, some people may have moved within the province or 
had specialist assessment or testing in a laboratory or health 
care facility outside the designated health care region, 
thereby influencing our results. Nevertheless, the findings 
suggest that there are significant gaps in care for chronic 
HBV carriers.

We do not have current data on the number of people who 
had ultrasound surveillance for liver cancer. This is an area of 
investigation by coauthors of the current study (A.A.A. and 
K.W.B.) using an automated liver cancer screening database 
in partnership with a specialist radiology/ultrasound referral 
clinic in Calgary. Future directions of study will include 
exploring the cost-effectiveness of HBV screening and/or sur-
veillance in Alberta and Canada. Future studies will have a 
longer follow-up period, capturing all available laboratory and 
provincial health administrative data from 2011. The results 
will be used to provide feedback to public health and primary 
care physicians regarding appropriate screening, testing and 
referral for chronic HBV carriers.

Conclusion
Our study suggests that the burden of chronic HBV infection 
is substantial in a single urban centre in Canada. The findings 
indicate that management of HBV infection in Canada, a 
developed nation, falls short of the standards of the World 
Health Organization. To achieve the World Health Organi-
zation goal of elimination of viral hepatitis by 2030, further, 
stringent preventive actions and disease surveillance are 
required, not only in HBV-endemic areas but also in Canada 
and other developed nations. The current study contributes to 
filling the knowledge gap regarding the epidemiologic charac-
teristics of HBV infection in Canada and highlights the need 
for a concerted public health effort for surveillance and treat-
ment of chronic HBV infection.
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