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Abstract
AIM
To describe the characteristics of people diagnosed with 
acute and chronic hepatitis B virus (HBV) infection in 
British Columbia (BC).

METHODS
We used data from the BC Hepatitis Testers Cohort (BC-
HTC), which includes all individuals tested for hepatitis 
C virus (HCV) or human immunodeficiency virus (HIV) 
or those diagnosed with HBV or active tuberculosis 
in BC since 1990. These data were integrated with 
prescription drug, medical visit, hospitalization and 
mortality data. HBV cases were classified as acute or 
chronic according to provincial guidelines. We compared 
characteristics of individuals by HBV infection group 
(acute, chronic and negative). Factors associated with 
acute or chronic HBV infection were assessed with 
multinomial logistic regression models in comparison to 
the HBV negative group. 

RESULTS
46498 of the 1058056 eligible BC-HTC participants were 
diagnosed with HBV infection. 4.3% of HBV positive 
individuals were diagnosed with acute HBV infections 
while 95.7% had chronic infections. Problematic alcohol 
use, injection drug use, and HIV or HCV co-infection 
were more common among individuals diagnosed 
with acute HBV compared to those with chronic 
infections and HBV negative individuals. In multivariable 
multinomial logistic regression models, we observed 
significant associations between acute or chronic HBV 
diagnosis and being male, age at HBV diagnosis or 
birth cohort, South and East Asian ethnicity, HCV or HIV 
infection, and injection drug use. The odds of acute 
HBV decreased with increasing age among people who 
inject drugs, while the opposite was true for chronic 
HBV. Persons with acute HBV were predominantly White 
(78%) while those with chronic HBV were mostly East 
Asian (60%). Relative to Whites, East Asians had 12 
times greater odds of being diagnosed with chronic 
HBV infection. These odds increased with increasing 
socioeconomic deprivation.

CONCLUSION
Differences in the profiles of people diagnosed with acute 
and chronic HBV infection necessitate differentiated 
screening, prevention, care and treatment programs. 

Key words: Hepatitis B virus; Ethnicity; Drug use; Acute 

hepatitis B; BC Hepatitis Testers Cohort; North America 

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Substance use, major mental illness and 
hepatitis C virus or human immunodeficiency virus 
co-infection were more common among individuals 
with acute HBV compared with those diagnosed with 
chronic hepatitis B virus (HBV). Acute HBV was mainly 
diagnosed in the White population, while chronic HBV 
was mostly diagnosed among people with East Asian 
ethnicity. The risk of acute HBV was highest among the 
younger population who injected drugs, while the risk 
of chronic HBV infection was highest among East Asian 
people with lower socioeconomic status. Differences in 
the profiles of people diagnosed with acute and chronic 
HBV suggest the need for different interventions for 
both population groups. 

Binka M, Butt ZA, Wong S, Chong M, Buxton JA, Chapinal N, 
Yu A, Alvarez M, Darvishian M, Wong J, McGowan G, Torban M, 
Gilbert M, Tyndall M, Krajden M, Janjua NZ. Differing profiles 
of people diagnosed with acute and chronic hepatitis B virus 
infection in British Columbia, Canada. World J Gastroenterol 
2018; 24(11): 1216-1227  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i11/1216.htm  DOI: http://dx.doi.
org/10.3748/wjg.v24.i11.1216

INTRODUCTION
Hepatitis B virus (HBV) affects 257 million people world­
wide, including approximately 200000 Canadians[1-4]. 
Chronic HBV infection is associated with 66% of the 
1.34 million viral hepatitis-related deaths reported 
worldwide and is responsible for a substantial disease 
burden from liver cancer and end-stage liver disease[2]. 

HBV vaccination is highly effective in preventing 
infection[1,3,5]. Mother to child transmission during 
childbirth is the most common mode of infection in 
HBV-endemic countries, while infection typically occurs 
through sexual transmission and injection drug use in 
Canada and other developed countries[1,3,5]. Over 90% 
of children and 50% of adults display no symptoms 
with acute infection[1,3,5]. The asymptomatic nature 
of this disease makes diagnosis difficult, leading to 
chronic illness in 5% of infected adults, 30% to 50% of 
children, and 90% of infected neonates[1,3,5]. Childhood 
vaccination programs have led to a dramatic reduction 
in the occurrence of acute infections in developed 
countries, including Canada and the United States[1,3,6]. 
The record low number of reported acute HBV infections 
in British Columbia (BC) in 2015 have been attributed 
to successful vaccination programs[7]. However, certain 
high risk groups, including men who have sex with 
men (MSM) and people who inject drugs (PWID), 
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continue to acquire and transmit HBV infection[8,9]. As 
HBV infection is mostly asymptomatic, identifying the 
factors associated with acute and chronic infection 
could determine avenues for closing gaps in screening, 
vaccination and other prevention programs. 

In many developed countries, a relatively larger 
number of people are diagnosed with chronic HBV, 
compared with acute HBV, each year[5,10-13]. Data 
from Canada, the United States and other developed 
countries indicate that most chronic HBV infections are 
diagnosed among immigrants from HBV-endemic Asia-
Pacific countries[10,12-14]. Our previous work suggests that 
49% of persons with chronic HBV and decompensated 
cirrhosis and 46% of those with HCC in BC were 
diagnosed late in the course of their infections[15]. The 
rate of late diagnosis has declined but is still substantially 
higher for HBV compared to hepatitis C virus (HCV)[15]. 
Therefore, establishing the characteristics of individuals 
who are more likely to be infected with HBV could 
enhance the planning of screening programs to further 
reduce late diagnoses within the province.

Individuals diagnosed with acute and chronic HBV 
infections may differ with regards to demographics and 
risk behavior[1,5]. These distinctions may have implica­
tions for interventions targeted at either population. 
Analyses based on these differences could also identify 
areas for the optimal integration of such HBV programs 
with currently available health services. We are unaware 
of any study comparing large population level data 
for both acute and chronic HBV. Previous studies have 
mainly focused on chronic HBV epidemiology, with 
limited data on acute HBV, or acute HBV only[10,11,16-18]. In 
this study, we describe the characteristics of individuals 
with acute and chronic HBV infections and identify the 
factors associated with HBV infection within the BC 
Hepatitis Testers Cohort (BC-HTC). 

MATERIALS AND METHODS
The cohort 
The BC-HTC includes over 1.7 million individuals tested 
for hepatitis C virus (HCV) or human immunodeficiency 
virus (HIV) at the BC Centre for Disease Control Public 
Health Laboratory, or reported to BC public health as 
a confirmed case of HCV, HBV, HIV/AIDS or active 
tuberculosis (TB) since 1990[19]. Cohort data are 
integrated with data on medical visits, hospitalizations, 
prescription drugs, cancers and deaths[19]. Details of 
cohort creation and epidemiological characteristics 
have been reported previously and are summarized 
in Supplementary Table 1[19]. This analysis is based on 
data collected between April 1, 1990 and December 
31, 2015. 

Study population
BC-HTC participants who were included in the 
provincial registry of reported HBV cases, those who 
tested positive for HBV DNA or HBeAg, and those who 

were recorded as having received treatment for HBV 
were considered as cases of HBV. HBV cases recorded 
in the BC provincial registry with an acute diagnosis 
were classified as acute HBV infections, while the 
remainder were designated as having chronic HBV 
(Supplementary Table 2). Individuals who were not 
diagnosed with HBV but were tested for HBsAg or anti 
HBV core total were denoted as being HBV negative. 

Definitions and covariates
We assessed potential risk factors at HBV diagnosis or 
at the last negative test, including age, birth cohort, 
sex, infection with HIV, HCV or TB, problematic alcohol 
use, illicit drug use, major mental illness, and material 
and social deprivation. HIV, HCV or TB diagnoses were 
based on laboratory confirmation or being reported 
as a confirmed case in the public health reportable 
disease database. Assessment of problematic alcohol 
and illicit drug use, and major mental illness was 
based on associated diagnostic codes in administrative 
health datasets evaluated across the entire dataset 
prior to the first positive or the last negative test 
(Supplementary Table 2).

Ethnicity classification was based on the validated 
name recognition software Onomap[20,21]. Onomap 
sensitivity and specificity relative to self-identified 
ethnicity, determined on a subset of the BC-HTC (n 
= 5962), was 93% and 98.6% for South Asians, and 
67% and 99.5% for East Asians. Race/ethnicity was 
grouped as White, South Asian (Pakistani, Indians, 
Bangladeshis, Nepalese and Sri Lankans), East Asian 
(Chinese, Filipinos, Japanese, Korean and South-
East Asians), and Others (Black, Central Asian, Latin 
American, Pacific Islander and West Asian individuals). 
Socioeconomic status was assessed using the Quebec 
Material and Social deprivation Index[22].

Statistical analysis
We compared characteristics of individuals by HBV 
infection group (acute, chronic and negative) with 
Pearson’s chi-square tests for categorical variables and 
Kruskal Wallis tests for median age. Factors associated 
with acute or chronic HBV infection were assessed with 
multivariable multinomial logistic regression models in 
comparison with the HBV negative group.

RESULTS
1058056 individuals were eligible for inclusion in this 
analysis. Of these, 46498 individuals were diagnosed 
with HBV infection while 1011558 were HBV negative. 
4.3% of HBV positive individuals were diagnosed 
with acute HBV infections while 95.7% had chronic 
infections (Table 1). 

Characteristics of acute, chronic and hepatitis B 
negative individuals 
About two-thirds of acute infections (70.7%) and half 
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Table 1  Characteristics of hepatitis B testers in the British Columbia Hepatitis Testers Cohort by hepatitis B diagnosis, 1990-2015 n (%)

HBV positive HBV negative

Acute Chronic All positive P  value

n  = 2015 n  = 44483 n = 46498 n = 1011558
Sex 
   Female 590 (29.3) 20094 (45.2) 20684 (44.5) 563440 (55.7) 0.000
   Male 1425 (70.7) 24387 (54.8) 25812 (55.5) 448072 (44.3)
   Unknown 0 (0.0) 2 (0.0) 2 (0.0) 44 (0.0)
Birth Cohort
   < 1945 204 (10.1) 5385 (12.1) 5589 (12.0) 103498 (10.2) 0.000
   1945-1964 1001 (49.7) 20316 (45.7) 21317 (45.8) 297768 (29.4)
   1965-1974 577 (28.6) 9852 (22.1) 10429 (22.4) 199121 (19.7)
   > 1974 233 (11.6) 8930 (20.1) 9163 (19.7) 411171 (40.6)
Age group at HBV diagnosis (yr)
   < 25 306 (15.2) 5163 (11.6) 5469 (11.8) 137379 (13.6) 0.000
   25-34 653 (32.4) 9963 (22.4) 10616 (22.8) 264809 (26.2)
   35-44 552 (27.4) 11835 (26.6) 12387 (26.6) 220745 (21.8)
   45-54 317 (15.7) 9202 (20.7) 9519 (20.5) 165884 (16.4)
   55-64 115 (5.7) 4954 (11.1) 5069 (10.9) 117550 (11.6)
   > 64 72 (3.6) 3366 (7.6) 3438 (7.4) 105191 (10.4)
   Median [IQR] 35 [28-45] 41 [31-51] 40 [31-50] 39 [29-53] 0.000
Year of HBV diagnosis
   1990-1999 1388 (68.9) 14068 (31.6) 15456 (33.2) 47343 (4.7) 0.000
   2000-2004 362 (18.0) 11246 (25.3) 11608 (25.0) 126715 (12.5)
   2005-2009 196 (9.7) 8968 (20.2) 9164 (19.7) 219195 (21.7)
   2010-2015 69 (3.4) 10201 (22.9) 10270 (22.1) 618305 (61.1)
Ethnicity
   East Asian 278 (13.8) 26578 (59.7) 26856 (57.8) 139306 (13.8) 0.000
   Other 35 (1.7) 1651 (3.7) 1686 (3.6) 41452 (4.1)
   South Asian 125 (6.2) 1420 (3.2) 1545 (3.3) 83200 (8.2)
   White 1577 (78.3) 14834 (33.3) 16411 (35.3) 747600 (73.9)
HCV
   Negative 1296 (64.3) 39575 (89.0) 40871 (87.9) 964780 (95.4) 0.000
   Positive 719 (35.7) 4908 (11.0) 5627 (12.1) 46778 (4.6)
HIV
   Negative 1888 (93.7) 43370 (97.5) 45258 (97.3) 1006511 (99.5) 0.000
   Positive 127 (6.3) 1113 (2.5) 1240 (2.7) 5047 (0.5)
HCV and HIV
   Positive 82 (4.1) 712 (1.6) 794 (1.7) 1768 (0.2) 0.000
Active tuberculosis
   Negative 2004 (99.5) 44101 (99.1) 46105 (99.2) 1008555 (99.7) 0.000
   Positive 11 (0.5) 382 (0.9) 393 (0.8) 3003 (0.3)
Problematic alcohol use
   No 1807 (89.7) 42544 (95.6) 44531 (95.8) 959326 (94.8) 0.000
   Yes 208 (10.3) 1939 (4.4) 2147 (4.6) 52232 (5.2)
Illicit drug use
   No 1617 (80.2) 41558 (93.4) 43175 (92.9) 944910 (93.4) 0.000
   Yes 398 (19.8) 2925 (6.6) 3323 (7.1) 66648 (6.6)
Injection drug use
   No 1718 (85.3) 42040 (94.5) 43758 (94.1) 960849 (95.0) 0.000
   Yes 297 (14.7) 2443 (5.5) 2740 (5.9) 50709 (5.0)
Major mental illness
   No 1788 (88.7) 41410 (93.1) 43198 (92.9) 874387 (86.4) 0.000
   Yes 227 (11.3) 3073 (6.9) 3300 (7.1) 137171 (13.6)
Material deprivation quintile
   Q1 (most privileged) 320 (15.9) 7076 (15.9) 7396 (15.9) 228694 (22.6) 0.000
   Q2 303 (15.0) 6753 (15.2) 7056 (15.2) 189225 (18.7)
   Q3 320 (15.9) 7797 (17.5) 8117 (17.5) 189823 (18.8)
   Q4 425 (21.1) 9564 (21.5) 9989 (21.5) 198263 (19.6)
   Q5 (most deprived) 585 (29.0) 12226 (27.5) 12811 (27.6) 185193 (18.3)
   Unknown 62 (3.1) 1067 (2.4) 1129 (2.4) 20360 (2.0)
Social deprivation quintile
   Q1 (most privileged) 247 (12.3) 9952 (22.4) 10199 (21.9) 184233 (18.2) 0.000
   Q2 267 (13.3) 9032 (20.3) 9299 (20.0) 180059 (17.8)
   Q3 314 (15.6) 7574 (17.0) 7888 (17.0) 173461 (17.1)
   Q4 383 (19.0) 7336 (16.5) 7719 (16.6) 199229 (19.7)
   Q5 (most deprived) 742 (36.8) 9522 (21.4) 10264 (22.1) 254216 (25.1)
   Unknown 62 (3.1) 1067 (2.4) 1129 (2.4) 20360 (2.0)

Data collected at baseline (date of diagnosis for HBV positive or last negative test for HBV negative) unless otherwise indicated. HIV: Human 
immunodeficiency virus; HCV: Hepatitis C virus; HBV: Hepatitis B virus; IDU: Injection drug use; OST: Opioid substitution therapy; Q: Quintile.
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of chronic HBV infections (54.8%) were diagnosed 
among males. In contrast, HBV negative individuals 
were predominantly female (55.7%). The 1945-1964 
birth cohort formed the majority of persons with 
either acute or chronic HBV infections (acute: 49.7%; 
chronic: 45.7%) but represented a smaller proportion 
of the HBV negative group (29.4%). Age at HBV 
testing or diagnosis was significantly lower among 
persons with acute HBV compared to those with 
chronic infections and HBV negative individuals (median 
age: 35 vs 41 and 39 years; P < 0.001). Additionally, 
females were more likely to be tested or diagnosed at 
a younger age compared to males (median age: 37 vs 
41 years, P < 0.001).

The majority of HBV negative individuals (73.9%) 
and those with acute HBV (78.3%) were White. 
Chronic HBV infections, however, were more frequently 
diagnosed among East Asians (59.7%). Material 
deprivation was more common among HBV positive 
individuals than among HBV negative persons [Q5 
(most deprived): acute HBV: 29.0%; chronic HBV: 
27.5%; HBV negative: 18.3%]. In contrast, social 
deprivation was predominant within each HBV group, 
though highest among individuals with acute HBV [Q5 
(most deprived): acute HBV: 36.8%; chronic HBV: 
21.4%; HBV negative: 25.1%] (Table 1). 

A larger proportion of persons with acute HBV 
experienced problematic alcohol use, illicit drug use, 
and injection drug use relative to those with chronic 
infections and HBV negative individuals (problematic 
alcohol use: 10.3%, 4.4%, 5.2%, P < 0.001; illicit 
drug use: 19.8%, 6.6%, 6.6%, P < 0.001; injection 
drug use: 14.7%, 5.5%, 5.0%, P < 0.001) (Figure 
1A, Table 1). Conversely, major mental illness was 
most prevalent among HBV negative individuals (HBV 
negative: 13.6%; acute HBV: 11.3%, chronic HBV: 
6.9%; P < 0.001).

HCV and HIV co-infections were more common 
among people diagnosed with acute HBV than among 

persons with chronic HBV and HBV negative individuals 
(HCV: 35.7%, 11.0%, 4.6%, P < 0.001; HIV: 6.3%, 
2.5%, 0.5%, P < 0.001) (Figure 1B, Table 1). Active 
TB was less prevalent in the cohort, but more common 
among those with chronic HBV relative to HBV negative 
individuals and those with acute HBV (0.9%, 0.3%, 
0.5%; P < 0.001). The cohort also consisted of 749 
persons with HBV/HCV/HIV triple infection, who mostly 
had acute HBV infections (acute HBV: 4.1%, chronic 
HBV: 1.6%; HBV negative: 0.2%, P < 0.001) (Table 1).

Factors associated with acute and chronic HBV infection
In multivariable multinomial logistic regression models, 
we observed significant associations between acute 
or chronic HBV diagnosis and being male, age at 
HBV diagnosis or birth cohort, South and East Asian 
ethnicity, HCV or HIV infection, and injection drug use 
(Table 2 and Supplementary Table 3). However, the 
magnitude and direction of association for various 
variables differed for acute and chronic HBV. 

South and East Asians had higher odds of acute 
or chronic HBV compared to Whites, with East Asians 
having 12 times greater odds of chronic HBV (ORacute: 
East Asian: 1.76, 95%CI: 1.53-2.02; South Asian: 
1.66, 95%CI: 1.37-2.02; ORchronic: East Asian: 
12.45, 95%CI: 12.15-12.77; South Asian: 1.26, 
95%CI: 1.19-1.33) (Table 2). 

Individuals with HCV or HIV infection had 5 times the 
odds acute HBV infection compared to their HBV negative 
counterparts (OR: HIV: 5.29, 95%CI: 4.30-6.51; 
HCV: 5.23, 95%CI: 4.65-5.87). For chronic infections, 
however, the odds of infection were slightly elevated 
among people with HIV co-infection (OR: 5.73, 95%CI: 
5.29-6.20), but much lower among those infected with 
HCV (OR: 2.89, 95%CI: 2.77-3.01) (Table 2). 

Injection drug use was associated with increased 
odds of both acute and chronic HBV (ORacute: 
1.84, 95%CI: 1.57-2.17; ORchronic: 1.67, 95%CI: 
1.58-1.77). In contrast, individuals with major mental 

Figure 1  Comorbidities and co-infections in the British Columbia Hepatitis Testers Cohort, 1990-2015. A: Distribution of problematic alcohol use, injection drug 
use, and major mental illness by hepatitis B diagnosis; B: Distribution of co-infections by HBV diagnosis. HBV: Hepatitis B virus; HCV: Hepatitis C virus; HIV: Human 
immunodeficiency virus.
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illness had lower odds of either infection (ORacute: 
0.73, 95%CI: 0.62-0.85; ORchronic: 0.74, 95%CI: 
0.71-0.78). Material deprivation was also associated 
with increased odds of acute and chronic HBV infection 
(Q5: ORacute: 1.35, 95%CI: 1.17-1.55; ORchronic: 
1.35, 95%CI: 1.30-1.39) (Table 2). Although social 
deprivation was associated with higher odds of acute 
HBV infection (ORacute: 1.56, 95%CI: 1.34-1.82), it 
was not significantly associated with a chronic infection 
(ORchronic: 1.00, 95%CI: 0.97-1.03).

In an additional model, composite variables (age at 
HBV diagnosis and injection drug use, and race/ethnicity 

and material deprivation) were used to determine 
joint effects on HBV infection (Figure 2, Table 3). In 
this model, there was a graded decrease in the odds 
of acute HBV with increasing age at diagnosis among 
PWID (OR: < 25 years: 7.55, 95%CI: 5.13-11.10; 
25-34 years: 5.32, 95%CI: 4.08-6.94; 35-44 years: 
2.98, 95%CI: 2.26-3.9; 45-54 years: 1.77, 95%CI: 
1.19-2.62; 55 + years: 1.56, 95%CI: 0.78-3.10) (Figure 
2A, Table 3). The opposite pattern was observed for 
chronic HBV infections, as the odds of chronic HBV 
increased with age at diagnosis (OR: < 25 years: 
1.43, 95%CI: 1.18-1.73; 25-34 years: 1.72, 95%CI: 

Table 2  Multivariable multinomial regression model for factors associated with acute or chronic hepatitis B virus in the British 
Columbia Hepatitis Testers Cohort, 1990-2015

Adjusted OR (95%CI)

Acute HBV Chronic HBV
Sex 
   Male 2.28 (2.06-2.52) 1.43 (1.40-1.46)
   Female 1.00 1.00
Age at HBV diagnosis (yr)
   < 25 2.38 (1.97-2.87) 0.89 (0.85-0.92)
   25-34 2.62 (2.21-3.09) 1.09 (1.05-1.13)
   35-44 1.82 (1.53-2.16) 1.19 (1.15-1.23)
   45-54 1.49 (1.23-1.79) 1.22 (1.18-1.27)
   55 + 1.00 1.00
Ethnicity
   East Asian 1.76 (1.53-2.02) 12.45 (12.15-12.77)
   Other 0.88 (0.63-1.24) 3.06 (2.90-3.23)
   South Asian 1.66 (1.37-2.02) 1.26 (1.19-1.33)
   White 1.00 1.00
HCV
   Positive 5.23 (4.65-5.87) 2.89 (2.77-3.01)
   Negative 1.00 1.00
HIV
   Positive 5.29 (4.30-6.51) 5.73 (5.29-6.20)
   Negative 1.00 1.00
Active tuberculosis
   Yes 0.59 (0.32-1.09) 0.97 (0.85-1.10)
   No 1.00 1.00
Problematic alcohol use
   Yes 0.87 (0.74-1.04) 1.02 (0.96-1.08)
   No 1.00 1.00
Injection drug use
   Yes 1.84 (1.57-2.17) 1.67 (1.58-1.77)
   No 1.00 1.00
Major mental illness
   Yes 0.73 (0.62-0.85) 0.74 (0.71-0.78)
   No 1.00 1.00
Material deprivation quintile
   Q1 (most privileged) 1.00 1.00
   Q2-4 1.06 (0.94 -1.21) 1.10 (1.06-1.13)
   Q5 (most deprived) 1.35 (1.17 -1.55) 1.35 (1.30-1.39)
Social deprivation quintile
   Q1 (most privileged) 1.00 1.00
   Q2-4 1.20 (1.04-1.39) 0.97 (0.95-1.00)
   Q5 (most deprived) 1.56 (1.34-1.82) 1.00 (0.97-1.03)
Year of HBV diagnosis
   1990-1999 1.00 1.00
   2000-2004 0.10 (0.09-0.12) 0.27 (0.26-0.28)
   2005-2009 0.03 (0.03-0.04) 0.14 (0.13-0.14)
   2010-2015 0.00 (0.00-0.01) 0.05 (0.05-0.06)

HIV: Human immunodeficiency virus; HCV: Hepatitis C virus; HBV: Hepatitis B virus; Q: Quintile.
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1.55-1.91; 35-44 years: 1.87, 95%CI: 1.71-2.05; 
45-54 years: 2.06, 95%CI: 1.87-2.28; 55 + years: 
2.34, 95%CI: 2.05-2.65) (Figure 2B, Table 3). This 
model also demonstrated that the relatively high odds 
of chronic HBV among East Asians increased further 
with worsening material deprivation [OR: Material 
deprivation, Q1 (most privileged): 11.69, 95%CI: 
11.07-12.33; Q2-Q4: 13.39, 95%CI: 12.82-13.98; Q5 

(most deprived): 15.98, 95%CI: 15.23-16.77) (Figure 
2B, Table 3).

DISCUSSION
In this large population based cohort study, we assessed 
over 1 million individuals for risk factors associated with 
acute and chronic HBV infection in British Columbia. This 

Table 3  Multivariable multinomial regression model (with interaction terms) for factors associated with acute or chronic hepatitis B 
virus in the British Columbia Hepatitis Testers Cohort, 1990-2015

Adjusted OR (95% CI)

Acute HBV Chronic HBV
Sex 
   Male 2.30 (2.08-2.54) 1.43 (1.4-1.46)
   Female 1.00 1.00
HCV
   Positive 5.22 (4.65-5.86) 2.88 (2.77-3.00)
   Negative 1.00 1.00
HIV
   Positive 5.25 (4.26-6.47) 5.75 (5.31-6.22)
   Negative 1.00 1.00
Active tuberculosis
   Yes 0.58 (0.31-1.08) 0.97 (0.86-1.10)
   No 1.00 1.00
Problematic alcohol use
   Yes 0.90 (0.75-1.07) 1.01 (0.95-1.07)
   No 1.00 1.00
Major mental illness
   Yes 0.72 (0.61-0.84) 0.75 (0.71-0.78)
   No 1.00 1.00
Social deprivation quintile
   Q2-Q4 1.21 (1.05-1.40) 0.97 (0.94-1.00)
   Q5 (most deprived) 1.58 (1.36-1.84) 0.99 (0.96-1.03)
   Q1 (most privileged) 1.00 1.00
IDU*Age at HBV diagnosis (yr)
   IDU* < 25 7.55 (5.13-11.10) 1.43 (1.18-1.73)
   IDU*25-34 5.32 (4.08-6.94) 1.72 (1.55-1.91)
   IDU*35-44 2.98 (2.26-3.93) 1.87 (1.71-2.05)
   IDU*45-54 1.77 (1.19-2.62) 2.06 (1.87-2.28)
   IDU*55+ 1.56 (0.78-3.10) 2.34 (2.05-2.65)
   No IDU* < 25 2.23 (1.84-2.71) 0.90 (0.86-0.93)
   No IDU*25-34 2.53 (2.13-3.01) 1.11 (1.07-1.15)
   No IDU*35-44 1.84 (1.54-2.19) 1.21 (1.17-1.25)
   No IDU*45-54 1.57 (1.30-1.90) 1.24 (1.20-1.28)
   No IDU*55+ 1.00 1.00
Ethnicity*Material Deprivation quintile
   East Asian*Material deprivation Q2-Q4 1.71 (1.37-2.12) 13.39 (12.82-13.98)
   East Asian*Material deprivation Q5 2.61 (2.06-3.32) 15.98 (15.23-16.77)
   East Asian*Material deprivation Q1 2.05 (1.49-2.81) 11.69 (11.07-12.33)
   Other*Material deprivation Q2-Q4 0.97 (0.60-1.57) 3.32 (3.07-3.60)
   Other*Material deprivation Q5 1.15 (0.59-2.26) 4.23 (3.78-4.74)
   Other*Material deprivation Q1 0.89 (0.44-1.81) 2.62 (2.32-2.95)
   South Asian*Material deprivation Q2-Q4 1.81 (1.35-2.42) 1.42 (1.30-1.54)
   South Asian*Material deprivation Q5 2.44 (1.81-3.30) 1.41 (1.28-1.56)
   South Asian*Material deprivation Q1 1.02 (0.48-2.19) 1.55 (1.32-1.82)
   White*Material deprivation Q2-Q4 1.08 (0.94-1.25) 1.03 (0.98-1.08)
   White*Material deprivation Q5 1.33 (1.13-1.56) 1.36 (1.29-1.43)
   White*Material deprivation Q1 1.00 1.00
Year of HBV diagnosis
   1990-1999 1.00 1.00
   2000-2004 0.10 (0.09-0.12) 0.27 (0.26-0.28)
   2005-2009 0.03 (0.03-0.04) 0.14 (0.13-0.14)
   2010-2015 0.00 (0.00-0.01) 0.05 (0.05-0.06)

IDU: Injection drug use; HIV: Human immunodeficiency virus; HCV: Hepatitis C virus; HBV: Hepatitis B virus; Q: Quintile.
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study shows two distinct patterns of risk factors among 
people diagnosed with acute and chronic infections. 
Acute HBV infections, indicative of new transmission 
events, occurred predominantly among males, persons 
aged between 25 and 34 years, White individuals, 
and socioeconomically disadvantaged persons. 
Problematic alcohol use, injection drug use, HIV and 
HCV co-infection were also common within this group. 
Individuals diagnosed with chronic HBV infection had 
similar characteristics, but were predominantly older, 
that is, aged between 35 to 44 years, and East Asian. 

Additionally, substance use and HIV or HCV co-infection 
were relatively low within this group. These findings 
highlight distinct risk patterns for individuals with acute 
and chronic HBV infections within the province and 
underscore the need for different strategies to prevent, 
diagnose and treat HBV within these groups.

Persons with acute and chronic infections had 
distinct co-infections and concurrent social condition 
profiles. Problematic alcohol use, illicit drug use and 
major mental illness were more common among 
individuals diagnosed with acute HBV than among 
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Figure 2  Odds ratios for interactions of factors associated with hepatitis B infection in the British Columbia Hepatitis Testers Cohort, 1990-2015. A: Acute 
hepatitis B infection; B: Chronic hepatitis B infection.
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those with chronic HBV. Similarly, HBV/HCV, HBV/HIV 
and HBV/HCV/HIV co-infection occurred 3 times more 
frequently among individuals diagnosed with acute 
infections. These findings are consistent with those 
of studies in the United States and with observations 
made among seroconverters and chronically infected 
HCV positive individuals in the BC-HTC[17,18,23]. The 
HBV vaccination rate in BC is high and the incidence 
of acute HBV infections gradually declined to just 6 
reported cases in 2015[7,24]. However, the current 
opioid epidemic may lead to localized HBV transmission 
among unvaccinated PWID, as was seen in suburban 
United States[18,25]. In our study, the odds of acute HBV 
were highest among younger persons and these age-
dependent odds were greatly elevated by injection drug 
use among younger age groups. Younger PWID had 
8-fold greater odds of being diagnosed with acute HBV 
than older non-PWID and up to 3 times the odds of their 
non-PWID of identical age. These findings demonstrate 
the interconnected nature of HBV, HCV and HIV 
infection, mental illness and alcohol/drug addiction and, 
therefore, highlight the need for a syndemic approach 
to significantly reducing new HBV infections. As the 
incidence of vaccine preventable HBV infection typically 
occurs among populations that are already affected by 
many social conditions and infections, such an approach 
should involve the integration of HBV prevention, 
screening and treatment programs with those of HIV, 
HCV, mental health and addiction programs.

Ethnicity was the most distinguishing factor between 
individuals diagnosed with acute and chronic HBV in BC. 
While over 75% of persons with acute HBV in the BC-
HTC were White, 60% of chronically infected persons 
were East Asian. East Asian individuals had 12-fold 
greater odds of being diagnosed with chronic HBV 
than White persons, which worsened with declining 
socioeconomic status. Recent studies from the US on 
acute HBV infection also indicated that 57%-89% of 
acute infections were among the White population, while 
the majority of prevalent HBV infections were among 
people from the Asia-Pacific region[12,13,17,18]. Similarly, 
most individuals with chronic HBV in Australia in 2011 
(38%) were born in the Asia-Pacific region[10]. These 
results mirror those observed in Canada (2007-2011), 
where rates of chronic HBV among foreign-born 
and non-White Canadians were estimated to be 4 
and 5 times the national rates, respectively[4]. Low 
socioeconomic status within the East Asian community 
may act as a double-edged sword; increasing their risk 
of chronic HBV, while acting as a barrier to accessing 
health care. East Asian immigrants may also face 
additional barriers to health care, including language 
and cultural barriers, and insufficient information to 
make full use of the health care system[26-28]. Lack 
of awareness about HBV and its effects on health, a 
large proportion of unvaccinated individuals and low 
awareness of vaccination status may also affect HBV 
screening and treatment within this population[28,29]. In 
general, the asymptomatic nature of HBV infection leads 

to late diagnosis after complications have developed[1]. 
Studies have shown that immigrants in Canada are 
disproportionately affected by HCC and decompensated 
cirrhosis and have up to 5 times greater risk of 
death from these causes than their Canadian-born 
counterparts[14,30,31]. Therefore, screening for HBV within 
the East Asian population is vital for early diagnosis. 
As the East Asian population in BC faces the additional 
challenge of a high burden of TB, the integration of HBV 
screening with TB screening and treatment programs 
should create additional avenues for the identification 
of undiagnosed HBV carriers within the East Asian 
population in BC[32]. The ethnicity-related differences in 
acute and chronic HBV and related comorbidities and 
social conditions emphasize the need for differentiated 
programing for prevention, diagnosis and treatment by 
ethnicity.

The differences in HBV risk factor patterns among 
individuals diagnosed with acute and chronic HBV 
infection in BC are also mirrored by the distinct patterns 
of circulating HBV genotypes in both populations[33]. 
Between 2006 and 2012, genotype C viruses were 
predominantly isolated from individuals with chronic 
HBV, while genotype D viruses were prevalent among 
persons diagnosed with acute HBV in Canada[33]. As 
a high rate of chronic HBV diagnoses in Canada occur 
among immigrants form HBV endemic countries, these 
distinctions in circulating HBV genotypes may be related 
to the primary circulating strains in their home countries 
as well as to differing modes of acquisition[4,33]. In 
contrast to developed countries, major risk factors for 
HBV acquisition in HBV endemic developing countries 
include unsafe medical practices, for example, during 
circumcision and dental procedures[34,35]. These 
variations in circulating genotypes may have serious 
implications for disease progression and treatment 
outcomes among individuals diagnosed with either 
acute or chronic HBV in Canada[33,36]. Indeed, the 
elevated risk of HCC among African, Asian and 
Alaskan populations may be linked to circulating HBV 
genotypes[36]. This reinforces the need for ethnicity-
based screening programs that go beyond the ongoing 
prenatal screening, and neonatal/preadolescent 
vaccination programs for immigrants originating from 
HBV endemic countries in certain parts of Canada[37].

The findings of this study should be interpreted in 
the light of following methodological considerations. As 
inclusion in the BC-HTC is dependent on either testing 
for HCV or HIV at the public health laboratory or being 
reported as confirmed cases of HIV, HCV, HBV or TB, 
individuals who test negative for HBV and do not meet 
any of the aforementioned criteria were excluded from 
our dataset. However, given the large number of HBV 
negative individuals in the study, we do not expect 
any major impact on our findings. Data on vaccination 
status, household contacts, sexual transmission and 
orientation were not available, which could have further 
enhanced our understanding of HBV epidemiology 
within the province. Additionally, ethnicity classifications 
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in our analysis may be affected by the variable 
sensitivity of Onomap in assigning Asian ethnicities[20]. 
Onomap was validated on a subset of the BC-HTC and 
showed low sensitivity for Filipinos. This may have 
resulted in the misclassification of East Asians from the 
Philippines as Whites and in the underestimation of the 
HBV in East Asian population. Previous studies have 
shown that foreign-born and Indigenous Canadians 
have a higher prevalence of chronic HBV relative to 
Canadian-born and non-Indigenous Canadians, respe­
ctively[5,30,38]. Similar findings have been reported in 
Australia and the United States[10,39]. Therefore, future 
analyses incorporating Indigenous and immigration 
status would provide additional insights for more 
tailored prevention and screening programs. 

In summary, our findings show distinct charac­
teristics of people diagnosed with acute and chronic 
infection in BC. Persons diagnosed with acute infection 
had a high level of substance use, co-infection with HIV 
or HCV, and were predominantly young White males. 
As acute HBV infection co-occurs with other infections 
and social conditions, a syndemic approach, where HBV 
prevention, screening, and treatment programs are 
integrated with those of other sexually transmitted and 
blood-borne infections as well as with mental health and 
addiction care would be an optimal approach for further 
reducing the incidence of acute HBV in the province and 
providing care to those diagnosed with acute HBV. 

In contrast, the majority of chronic HBV infections 
in BC were diagnosed among East and South Asian 
individuals, who had very low levels of illicit drug and 
problem alcohol use, major mental illness and co-
infection with HIV or HCV. Since traditional risk behavior 
and viral co-infection are less common among persons 
with chronic HBV infections, risk-based screening and 
prevention programs may impact only a fraction of 
such individuals. Given the asymptomatic nature of the 
disease and the grave health-related consequences of 
untreated HBV infection, organized screening programs 
are urgently needed to facilitate early diagnosis within 
the immigrant population in BC. Therefore, HBV 
screening and treatment programs focusing specifically 
on foreign-born East and South Asian population within 
BC would be necessary to have a significant impact on 
HBV-related disease burden within the province. 

ARTICLE HIGHLIGHTS
Research background
Hepatitis B virus (HBV) affects approximately 200000 Canadians and 257 
million people worldwide. In many developed countries, a relatively larger 
number of people are diagnosed with chronic HBV compared to acute HBV, 
each year. Chronic HBV infection is associated with 66% of the 1.34 million viral 
hepatitis-related deaths reported worldwide. It is responsible for a substantial 
disease burden from liver cancer and end-stage liver disease. 

Research motivation
Data from Canada, the United States and other developed countries indicate 
that most chronic HBV infections are diagnosed among immigrants from HBV-
endemic Asia-Pacific countries, while acute infections are predominant among 

White individuals. Persons diagnosed with acute and chronic HBV infections 
may differ with respect to demographics and risk behavior. These distinctions 
may have implications for interventions targeted at either population. 
Additionally, 49% of persons with chronic HBV and decompensated cirrhosis 
and 46% of those with HCC in British Columbia (BC) were diagnosed late in 
the course of their infections. Therefore, establishing the characteristics of 
individuals who are more likely to be infected with HBV could enhance the 
planning of prevention and screening programs to further reduce late diagnoses 
within the province.

Research objectives 
In this study, we describe the characteristics of individuals diagnosed with 
acute and chronic HBV infections and identify the factors associated with HBV 
infection within the BC Hepatitis Testers Cohort (BC-HTC). We are unaware 
of any study comparing large population level data for both acute and chronic 
HBV. Study findings should inform prevention and screening programs within 
BC. 

Research methods
We used data from the BC Hepatitis Testers Cohort (BC-HTC), which includes 
all individuals tested for HCV or HIV and those diagnosed with HBV or TB in 
BC since 1990. These data were integrated with prescription drug, medical 
visit, hospitalization and mortality data. HBV cases were classified as acute or 
chronic in accordance with provincial guidelines. We compared characteristics 
of individuals by HBV infection group (acute, chronic and negative). Factors 
associated with acute or chronic HBV infection were assessed with multivariable 
multinomial logistic regression models in comparison with the HBV negative 
group. 

Research results
46498 of the 1058056 eligible BC-HTC participants were diagnosed with HBV 
infection; 95.7% with chronic infections at HBV diagnosis. Acute HBV infections, 
indicative of new transmission events, were diagnosed predominantly among 
males, persons aged between 25 and 34 years, White individuals, and 
socioeconomically disadvantaged persons. Problematic alcohol use, injection 
drug use, HIV and HCV co-infection were also common within this group. 
Individuals diagnosed with chronic HBV infection were predominantly older 
and East Asian. Additionally, substance use and HIV or HCV co-infection were 
relatively low within this group. Relative to Whites, East Asians had 12 times 
greater odds of being diagnosed with chronic HBV infection. These odds 
increased with increasing socioeconomic deprivation.

Research conclusions
These findings highlight distinct risk patterns for individuals with acute and 
chronic HBV infections and underscore the need for different strategies to 
prevent, diagnose and treat HBV within these groups. Optimal care for acute 
HBV would require the integration of HBV prevention, screening, and treatment 
programs with programs for mental health, addiction and other blood-borne 
infections. Managing chronic HBV, on the other hand, may require screening 
programs focusing on at-risk ethnic groups, including foreign-born East and 
South Asians with low prevalence of traditional risk factors, for early diagnosis 
and treatment initiation.

Research perspectives
We found clear differences in the characteristics of individuals diagnosed 
with acute and chronic HBV in BC. Consequently, we propose two distinct 
interventions for the management of acute and chronic HBV in the province: 
the integration of HBV-related public health programs with those of blood borne 
infection programs and mental health services to provide optimal care for 
populations at risk for acquiring acute HBV, and the implementation of targeted 
screening programs for early diagnosis among ethnic groups at risk for chronic 
HBV. 
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