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HDV genotype distribution:
Canadian reference testing

Highlights Lay summary

� There was �5% HDV seroprevalence in Canadian

HBsAg-positive referred patients.

� HDV genotypes 1, 2, and 5–7 were observed in
referred patients.

� HDV+ patients were more likely to be born in
Canada, White or Black/African/Caribbean.

� HDV was highly associated with high-risk activities
(sexual and intravenous drug use).

� HDV+ patients were more likely diagnosed with
cirrhosis or liver cancer.
https://doi.org/10.1016/j.jhepr.2022.100461
Evidence of HDV infection was observed in approxi-
mately 5% of Canadians who were infected with HBV
referred to medical specialists. HDV-positive patients
were more likely to be male, born in Canada, or White
or Black/African/Caribbean compared to Asian, and to
have reported high-risk activities such as injection or
intranasal drug use or high-risk sexual contact
compared with patients infected with only HBV. Pa-
tients infected with HDV were also more likely to
suffer severe liver disease, including liver cancer,
compared with HBV mono-infected patients.
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Background & Aims: HDV affects 4.5–13% of chronic hepatitis B (CHB) patients globally, yet the prevalence of HDV infection
in Canada is unknown. To investigate the prevalence, genotype, demographics, and clinical characteristics of HDV in Canada,
we conducted a retrospective analysis of (1) HDV antibody and RNA positivity among referred specimens, and (2) a cross-
sectional subset study of 135 HDV seropositive +/-RNA (HDV+) patients compared with 5,132 HBV mono-infected patients
in the Canadian HBV Network.
Methods: Anti-HDV IgG-positive specimens collected between 2012 and 2019 were RNA tested and the genotype determined.
Patients enrolled in the Canadian HBV Network were >18 years of age and HBsAg-positive. Clinical data collected included risk
factors, demographics, comorbidities, treatment, fibrosis assessment, and hepatic complications.
Results: Of the referred patients, 338/7,080 (4.8%, 95% CI 4.3–5.3) were HDV seropositive, with 219/338 RNA-positive (64.8%,
95% CI 59.6–69.7). The HDV+ cohort were more likely to be born in Canada, to beWhite or Black/African/Caribbean than Asian,
and reporting high-risk behaviours, compared with HBV mono-infected patients. Cirrhosis, complications of end-stage liver
disease, and liver transplantation were significantly more frequent in the HDV+ cohort. HDV viraemia was significantly
associated with elevated liver transaminases and cirrhosis. Five HDV genotypes were observed among referred patients but
no association between genotype and clinical outcome was detected within the HDV+ cohort.
Conclusions: Nearly 5% of the Canadian HBV referral population is HDV seropositive. HDV infection is highly associated with
risk behaviours and both domestic and foreign-born patients with CHB. HDV was significantly associated with progressive
liver disease highlighting the need for increased screening and surveillance of HDV in Canada.
Lay summary: Evidence of HDV infection was observed in approximately 5% of Canadians who were infected with HBV
referred to medical specialists. HDV-positive patients were more likely to be male, born in Canada, or White or Black/African/
Caribbean compared to Asian, and to have reported high-risk activities such as injection or intranasal drug use or high-risk
sexual contact compared with patients infected with only HBV. Patients infected with HDV were also more likely to suffer
severe liver disease, including liver cancer, compared with HBV mono-infected patients.
Crown Copyright © 2022 Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Chronic infection with HDV results in the highest rate of severe
liver disease, including the development of cirrhosis in nearly
80% of patients within 2–10 years of infection,1,2 with a signifi-
cantly increased risk of hepatocellular carcinoma (HCC)
compared with HBV infection alone.3 HDV requires HBV to
complete its replication cycle and produce enveloped viral par-
ticles providing receptor-binding function. HDV superinfection of
HBsAg-positive individuals most often results in persistent,
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chronic infection whereas concurrent co-infection in adults with
HBV and HDV usually resolves spontaneously.4 Although the HBV
vaccine reduces the risk of HDV infection by preventing the
helper virus infection, aside from pegylated interferon-alpha
(IFNa), there are no specific antiviral drugs available to treat
HDV in Canada. However, new therapies, such as lonafarnib (a
prenylation inhibitor) and bulevirtide (a receptor blocker or viral
entry inhibitor), demonstrating improved effectiveness in com-
parison to IFNa,5 are currently in clinical trials or have received
conditional approval.6 Screening for HDV infection is recom-
mended in HBsAg-positive individuals, particularly in patients
from HDV endemic regions,7,8 those having a history of high-risk
(injection drug use, sexual contact) behaviours,9 or who display
abnormal liver biochemistry in the presence of low or unde-
tectable HBV DNA.10
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There are 8 HDV genotypes (gt1–gt8), all having distinct
geographic distribution other than gt1.11 The true prevalence and
distribution of HDV seroprevalence and active infection is un-
certain, with estimates that vary significantly.12,13 One study
established a global HDV prevalence estimate at 12 million
infected individuals,14 or approximately 4.5% of HBsAg-positive
individuals. Canada has an estimated HBV infection rate of
approximately 13.4 per 100,000 (2017 data15) with >250,000
chronically infected Canadians living with HBV.16 Information on
HDV prevalence in Canada is lacking, although small studies have
described anti-HDV positivity rates ranging from 0 to 1.6% among
HBsAg-positive Indigenous populations17,18 to 2.6% in blood do-
nors and clinic patients,19 with evidence of HDV infection pri-
marily observed in non-Canadian-born individuals.

The National Microbiology Laboratory (NML) of the Public
Health Agency of Canada serves as the reference laboratory for
viral hepatitis diagnostic testing, including the provision of HDV
serology and molecular testing services for Canada. This allowed
a centralised investigation to estimate the prevalence, molecular
epidemiology, and clinical associations of HDV infection in a
population of referred patients, in collaboration with the Cana-
dian HBV Network (CanHepB Network).
HDV antibody tests
(unique individuals)

2012-2019
N = 7,080

Anti-HDV positive
n = 338 (4.8%)

HDV RNA positive
(64.8%)
n = 219

HDV RNA negative
(35.2%)
n = 119

HDAg region sequenced
(94.5%)
n = 207

Sequence unavailable
(5.5%)
n = 12

Includes 135 anti-HDV positive
CanHepB Network patients
(described in Fig. 3)

Fig. 1. Results of HDV reference diagnostic testing, 2012–2019.
Patients and methods
Patient population and study design
To estimate the prevalence of HDV antibody and RNA positivity
within a referred population, specimens received at the NML for
HDV antibody testing from January 2012 to December 2019 were
considered. Submission guidelines require specimens to be
HBsAg-positive, thus all patients were tested for HBV under the
care of a healthcare professional. Patient replicate requests were
removed and the first occurrence of HDV antibody positivity was
included to create the total study population of unique referred
individuals. Antibody-positive specimens were tested for HDV
RNA to estimate the prevalence of active HDV infection among
the referred population and to characterise HDV genotypes.

A cross-sectional, retrospective study of clinical and de-
mographic factors among patients of physicians participating in
the CanHepB Network, an interprovincial network of 21 tertiary
care-based clinical cohorts, was also conducted. Retrospective
data were analysed from 9 infectious disease or hepatology
clinics in 6 provinces across Canada (British Columbia, Alberta,
Saskatchewan, Manitoba, Ontario, and Quebec).16 Each of these
sites provide care for both HBV mono-infected and HDV-HBV co-
infected individuals. Each site conducted data collection by
reviewing electronic and paper patient charts. De-identified in-
formation was entered into a registry database (i.e. RedCap®)
housed at the University of Calgary.

All participants >18 years of age with confirmed HBV infection
status (HBsAg-positive for >6 months), and who were seen by a
physician affiliated with the CanHepB Network after 1 January,
2012 were included. Patients were classified as HDV-HBV co-
infected if HBsAg-positive and/or by physician report based on
local standard of care testing procedures, with positive anti-HDV
and/or HDV RNA confirmation. Patients were included in an HBV
mono-infected comparator arm if not co-infected with HCV, HIV,
and presumably HDV. Available retrospective data elements
included age at most recent laboratory testing, sex, ethnicity,
country of birth, and risk factor history. Most recent values for
laboratory tests were used including liver enzymes, viral
serology and HBV viral load. Non-invasive tests for fibrosis
JHEP Reports 2022
included liver stiffness measurement/transient elastography (TE,
FibroScan®).

Clinical outcomes including co-morbid medical conditions
and complications of liver disease were captured from physician
medical record reports and based on standard diagnostic criteria.
Treatment in both cohorts was defined as ‘treatment at any time’,
including those who received multiple treatment courses or
prior treatments that were since discontinued. ‘High-risk activ-
ities’ were defined as patients who had documented injection/
intranasal drug use and/or high-risk sexual contact. Countries
with >−5% prevalence of HBV were considered endemic.7,8

Ethical approval
The study protocol follows the ethical guidelines of the 1975
Declaration of Helsinki as determined through approvals by in-
dividual clinic or site Research Ethics Boards, as detailed in the
Supplementary data.

Virological testing
The methods and materials used for testing HDV and HBV for
serological and/or molecular markers and genotype determina-
tion are provided in the Supplementary data.

Statistical analysis
Methods of statistical analysis for study results are provided in
the Supplementary data.

Results
Patient cohorts
Referral testing for HDV seropositivity was conducted on 7,080
unique patients from 2012 to 2019 (Fig. 1). A total of 338 in-
dividuals (4.8%, 95% CI 4.3–5.3) were HDV IgG seropositive, 6,736
were seronegative and 6 were repeatedly borderline. Further
investigation focused on the 338 seropositive specimens. HDV
RNA positivity was determined in 219/338 and 119 were RNA-
negative, indicating an active infection rate of 64.8% (95% CI
59.6–69.7) among HBsAg-positive, HDV-seropositive individuals
2vol. 4 j 100461



receiving healthcare in Canada, or 3.09% of the total population
referred for HDV serological testing. Age and sex information was
available for 99.7% (7059/7080) and 98.7% (6991/7080) of pa-
tients, respectively. There was no difference between the mean
age or sex distribution of seropositive and seronegative in-
dividuals (Table S1). The majority of referred patients were >40
years; however, those 31–40 years of age comprised the highest
percentage among the entire cohort (27.3% HDV seropositive;
26.3% HDV seronegative). Males were more frequently repre-
sented among those tested for anti-HDV antibody (62.0%) and
those seropositive (69.3%; p = 0.0055).

Referred patient HDV genotypes
Twelve of the 219 HDV RNA-positive samples could not be
sequenced (insufficient specimen or viral load too low for
sequence analysis), thus 207 (94.5%) HDV RNA-positive samples
were genotyped (Fig. 1; GenBank accession numbers MZ712366–
MZ712572). Five HDV genotypes were observed; gt1, 2, and 5–7
(Fig. 2). Genotype 1 predominated at 86.5%, followed by gt5
(9.1%), gt2 (3.4%), and gts6 and 7 (0.5% each). Phylogenetic
analysis of RNA-positive specimens, including HDV subgenotype
reference sequences,11 allowed the discernment of several sub-
genotypes within the Canadian referral population, with gt1d
observed in over half of all RNA-positive specimens; gt1a 9.7%,
gt1b 12.1%, gt1c 8.7%, gt1d 56.0%, gt2a 2.9%, gt2b 0.5%, gt5a 7.7%,
gt5b 1.4%, gt6a 0.5%, and gt7a 0.5%.

Demographic, ethnic, and risk factor association with HDV
infection
Patients within the CanHepB Network were referred to
specialist clinics for management of HBV infection, with HDV
antibody screening at intake based on individual physician
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Fig. 2. Phylogenetic analysis of HDV sequences, 2012–2019. Branch support
proportion of each genotype is indicated.
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practices and Canadian guidelines.20 Demographic, risk factor,
and medical history, including treatment and hepatic compli-
cation information was available for 135 HDV-seropositive
Network participants, forming a subset within the total
referred HDV-seropositive population (Fig. 3), with 35 HDV
RNA-negative, 5 without RNA data, and 95 positive for HDV RNA
(95/130; 73.1%). As patients and their data were retrospectively
identified and included in the HDV–HBV co-infected study, the
seropositive cases without RNA data could not be matched with
a laboratory specimen at the NML as a result of disparate lab-
oratory coding.

To analyse variables in the context of HDV infection, 5,132
HBV-mono-infected CanHepB Network participants with avail-
able information were included in the analysis, following
exclusion of 817 patients as a result of HIV or HCV RNA or
antibody positivity, or because of having spontaneous or
treatment-induced HBsAg loss. TE results were available for the
majority of HDV RNA-positive and -negative individuals and the
HBV mono-infected cohort (Fig. 3). The 135 HDV-seropositive
participants are referred to as the HDV+ cohort.

Within the CanHepB cohort there was no age difference
between the HDV+ cohort and HBV mono-infected patients,
although a significant association with male sex was observed
(p <0.001; Table 1). There were a significantly higher number of
Canadian-born persons within this cohort compared with those
HBV mono-infected (p <0.001). No significant difference was
observed between both cohorts based on birth in countries
endemic for HBV (Table S2), although birth in an HBV non-
endemic country was associated with HBV mono-infection
compared to HDV-HBV co-infection (Table 1). Black/African/
Caribbean or White patients showed significantly increased
representation among the HDV+ cohort, whereas Asian patients
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All patients in Canadian HBV Network database
N = 6,084

Anti-HDV+ (2.2%)
n = 135

Captured within the 338 anti-HDV+
referred patients (described in Fig. 1)

HDV RNA-, anti-HDV or
unknown HDV status (97.8%)

n = 5,949

HDV RNA+ (73.1%)
n = 95/130

HDV RNA+
With TE (69.5%)

n = 66

HDV RNA+
No TE (30.5%)

n = 29

HDV RNA-
With TE (74.3%)

n = 26

HDV RNA-
No TE (25.7%)

n = 9

HDV RNA- (26.9%)
n = 35/130

Unknown HDV RNA
n = 5

HBV mono-infected
comparison cohort

n = 5,132

With TE (61.7%)
n = 3,166

No TE (38.3%)
n = 1,966

Removed: HIV+, HCV RNA+,
anti-HCV+, HBsAg- (13.7%)

n = 817

Fig. 3. Canadian HBV Network HDV–HBV co-infected and HBV mono-infected participants included in the study. HDV antibody, HDV RNA and transient
elastography (FibroScan®; TE) results for the co-infected cohort is shown, as is the inclusion/exclusion criteria and TE results of the mono-infected comparator
cohort.
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were more likely to be HBV mono-infected. High-risk behav-
iours, such as injection or intranasal drug use and high-risk
sexual contact were significantly observed within the co-
infected group compared with the mono-infected group (p
<0.001; Table 1).
Co-morbidities, hepatic complications, and treatment
experience associated with HDV infection
The HDV+ cohort demonstrated a significantly higher prevalence
of severe hepatic outcomes compared with HBV mono-infected
Table 1. Comparison of demographics and risk factors for HBV and HDV expo
co-infected* individuals (n = 135) followed in the Canadian HBV Network.

HDV-HBV co-infected (n = 1

Age 46.2 (44.0–48.3, 1
Male sex 70% (95/1
Country of birth

Canada 13.5% (17/1
Country endemic for HBV† 62.7% (79/1
Country non-endemic for HBV 23.8% (30/1

Ethnicity
Asian 25.0% (32/1
White 31.3% (40/1
Black/African/Caribbean 37.5% (48/1
Indigenous 0% (0/1
Other ethnicity‡ 6.3% (8/1

Other sociodemographic factors
Alcohol use 33.3% (45/1
Smoking 26.7% (36/1
Injection/intranasal drug use 11.1% (15/1
High-risk sexual contact 5.9% (8/1

Continuous data are shown as mean (95% CI, n known). Categorical data are shown as me
Values of p <0.05 considered significant. For both continuous and categorical variables
* HDV–HBV = anti-HDV+ (and HDV RNA+ or HDV RNA-).
† Countries with >−5% prevalence of HBV were considered endemic (see Table S2).
‡ Hispanic and Middle Eastern.
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patients (p <0.001; Table 2), although comorbidity associations
were limited to hypertension, chronic kidney disease, and cancer
(excluding HCC; p <−0.030; Table S3). Mean TE values among the
HDV+ cohort were more than twice the mean of the HBV mono-
infected group (12.9 kPa, range 10.6–15.2 vs. 6.2 kPa, range
6.0–6.4). The HDV+ cohort were more likely to have undergone
liver transplantation and to have been diagnosed with cirrhosis
or HCC. Variceal bleeding and hepatic encephalopathy were also
more frequent among HDV–HBV co-infected patients. In keeping
with these observations, biochemical markers of liver damage
sure in HBV mono-infected individuals (n = 5,132) compared with HDV-HBV

35) HBV mono-infected (n = 5,132) p value

35) 47.8 (47.5–48.2, 5,132) 0.163
35) 55% (2816/5,132) <0.001

26) 5.3% (186/3,533) <0.001
26) 54.7% (1,855/3,393) 0.075
26) 39.8% (1,352/3,393) <0.001

28) 72.5% (3,019/4,162) <0.001
28) 5.8% (243/4,162) <0.001
28) 17.8% (740/4,162) <0.001
15) 0.3% (11/4,162) 0.581
28) 3.6% (148/4,162) 0.109

35) 14.2% (726/5,132) <0.001
35) 7.5% (386/5,132) <0.001
35) 0.5% (27/5,132) <0.001
35) 2.2% (112/5,132) <0.001

an % (n/n known). T test was used, and chi-square tests were done for categorical data.
missing data are excluded (n known is shown in table).
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Table 2. Comparison of hepatic complications, laboratory values, and antiviral treatment experience in HBV mono-infected individuals (n = 5,132)
compared with HDV–HBV co-infected* individuals (n = 135) followed by the Canadian HBV Network.

HDV–HBV co-infected (n = 135) HBV mono-infected (n = 5,132) p value

Hepatic outcomes
Liver transplant 6.7% (9/135) 0.1% (5/5,132) <0.001
Cirrhosis 45.2% (61/135) 3.2% (165/5,132) <0.001
Hepatocellular carcinoma 8.2% (11/135) 1.0% (51/5,132) <0.001
Variceal bleeding 5.2% (7/135) 0.1% (3/5,132) <0.001
Hepatic encephalopathy 2.2% (3/135) 0.1% (5/5,132) <0.001
Transient elastography (TE; kPa) 12.9 kPa (10.6–15.2, 94) 6.2 kPa (6.0–6.4, 3,166) <0.001
>F2 fibrosis (TE >7.3 kPa) 64.9% (61/94) 16.8% (532/3,166) <0.001
>F3 fibrosis (TE >10.7 kPa) 39.4% (37/94) 6.6% (209/3,166) <0.001

Laboratory
ALT (IU/ml) 75.1 (60.2–89.9, 132) 39.4 (37.1–41.7, 4,707) <0.001
ALT % above ULN† 71.2% (94/132) 26.8% (1261/4,707) <0.001
AST (U/L) 59.9 (50.2–69.7, 109) 31.4 (29.7–33.0, 4,014) <0.001
Total bilirubin (lmol/L) 16.6 (13.1–20.1, 96) 11.0 (10.6–11.5, 3,297) <0.001
Creatinine (lmol/L) 83.3 (72.3–94.3, 90) 80.1 (77.6–82.5, 2,655) 0.632
INR 1.19 (1.13–1.25, 86) 1.07 (1.05–1.09, 2,634) 0.012
HBeAg+ 13.7% (17/124) 17.6% (617/3,501) 0.260
HBV DNA, log IU/ml 1.1 (0.8–1.4, 124) 2.7 (2.7–2.8, 4,447) <0.001
HBV DNA detectable 48.1% (64/133) 80.6% (3595/4,460) <0.001
HDV RNA-positive 73.1% (95/130) N/A N/A
HIV-positive 11.5% (11/96) (Excluded) N/A
HCV-seropositive 16.8% (18/107) (Excluded) N/A

Treatment (at any time)
Antiviral therapy active against HBV 61.5% (83/135) 29.5% (1515/5,132) <0.001
Interferon 24.4% (33/135) 2.3% (120/5,132) <0.001
Lamivudine 16.3% (22/135) 12.8% (656/5,132) 0.229
Tenofovir-based regimen‡ 28.2% (38/135) 17.9% (920/5,132) 0.002
Entecavir 10.4% (14/135) 4.8% (248/5,132) 0.004
Nucleos(t)ide inhibitor 53.3% (72/135) 28.6% (1,470/5,132) <0.001

T test was used for continuous data, chi-square tests were used for categorical data. Values of p <0.05 considered significant. For both continuous and categorical variables
missing data are excluded (n known is shown in table).
* HDV–HBV = anti-HDV+ (and HDV RNA+ or HDV RNA-).
† ALT ULN >35 for males, >25 for females.
‡ Tenofovir-based regimen refers to treatment regimen that contains tenofovir disoproxil fumarate (TDF) or tenofovir alafenamide (TAF).
and liver dysfunction were significantly higher among the HDV+
cohort (ALT, AST, bilirubin, p <0.001; INR p = 0.012). Not sur-
prisingly, the presence and quantity of HBV DNA were signifi-
cantly higher among the HBV mono-infected cohort, likely
caused by the recognised suppressive effect of HDV on HBV
infection.21 A small percentage of HDV+ cohort patients also
infected with HIV (11.5%) or HCV (16.8%), were included in the
study. Significantly more of the HDV+ cohort in comparison with
HBV mono-infected patients had HBV antiviral treatment expe-
rience, involving the nucleos(t)ide analogue inhibitors (NAs)
entecavir (p = 0.004) or tenofovir (p = 0.002), but not lamivudine.
Treatment with IFNa was also significantly more common
among the HDV+ cohort (p <0.001; Table 2).
Quantitative HBsAg (qHBsAg) analysis within the HDV+ cohort
In 112 anti-HDV+ patients, qHBsAg results were available with
15/112 (13.4%) having undetectable HBsAg, 13/112 (11.6%)
having qHBsAg <100 IU/ml, and 84/112 (75%) having qHBsAg
>100 IU/ml. Results were stratified by undetectable, <100 and
>100 IU/ml HBsAg in keeping with 100 IU/ml as a therapeutic
and predictive endpoint in HBV infection, and to differentiate
low HBsAg levels from undetectable. Stratified results were
analysed in association with IFNa treatment, presence of
cirrhosis or HCC, TE (kPa), and absence of HDV RNA, and to
describe the breakdown of HDV genotypes (Table S4). No
significant associations among qHBsAg levels and the out-
comes investigated were observed.
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Associations with RNA-positive HDV infection
Within the HDV+ cohort, patients were stratified into 2 groups:
HDV RNA-positive at last test (N = 95) and HDV RNA-negative
(N = 35) at last test (Fig. 3), to investigate associations with de-
mographic, clinical, and treatment indicators (Table 3). There
were no significant demographic or treatment experience dif-
ferences between HDV RNA-positive and -negative patients,
although there was a significantly higher proportion of HDV RNA
positivity among White patients (p = 0.029). White patients were
on average older (56 years, 95% CI 52.5–59.6) compared with
non-White HDV+ patients (44.9 years, 95% CI 42.4–47.5; p
<0.001). HDV RNA positivity was also significantly associated
with the presence of cirrhosis, elevated ALT (mean 91.5 IU/ml vs.
31.7 IU/ml), AST (69.6 U/L vs. 35.6 U/L), TE (mean 14.5 kPa vs. 9.4
kPa), and a Fibrosis-4 score >F2 (p = 0.007), but <F3 (>F3, p =
0.058; Table 3).

Demographics, risk, and clinical outcome indicators
associated with HDV–HBV treatment
The HDV+ cohort was further stratified into 3 groups; (i) IFNa
treatment at any time (also includes patients that had been on
other forms of HBV treatment), (ii) NA treatment at any time,
(iii) no recorded treatment at any time. Individuals having
cirrhosis were significantly more likely to have been treated
with either NA or IFNa (p <0.001) although other hepatic
complications or biochemical indicators of liver disease were
not associated with treatment experience (Table 4). A small
percentage of the cohort (7/112, 6.3%) showed undetectable
5vol. 4 j 100461



Table 3. Summary of demographics, hepatic complications, laboratory values, and antiviral treatment in anti-HDV-positive individuals living with HDV
RNA-negative vs. HDV RNA-positive infections.

Variable HDV RNA-negative (n = 35) HDV RNA-positive (n = 95) p value

Age 44.6 (40.1–49.1, 35) 45.8 (43.4–48.4, 95) 0.604
Male sex 65.7% (23/35) 75.3% (70/95) 0.388
Canada born 6.3% (2/32) 15.7% (14/89) 0.232
Born in country endemic for HBV 71.9% (23/32) 59.6% (53/89) 0.287
Ethnicity

Asian 32.4% (11/34) 22.5% (20/89) 0.353
White 14.7% (5/34) 34.8% (31/89) 0.029
Black/African/Caribbean 47.1% (16/34) 34.8% (31/89) 0.221
Other ethnicity 5.9% (2/34) 7.9% (7/89) >0.999

Hepatic outcomes
Liver transplant 8.6% (3/35) 4.2% (4/95) 0.386
Cirrhosis 17.1% (6/35) 53.7% (51/95) <0.001
Hepatocellular carcinoma 5.7% (2/35) 8.4% (8/95) >0.999
Variceal bleeding 0% (0/35) 7.4% (7/95) 0.189
Hepatic encephalopathy 0% (0/35) 3.2% (3/95) 0.563
Transient elastography (TE; kPa) 9.4 kPa (6.4–12.3, 26) 14.5 kPa (11.5–17.5, 66) 0.003
>F2 fibrosis (TE >7.3 kPa) 42.3% (11/26) 74.2% (49/66) 0.007
>F3 fibrosis (TE >10.7 kPa) 23.1% (6/26) 47.0% (31/66) 0.058

Laboratory
ALT (IU/ml) 31.7 (27.2–36.1, 35) 91.5 (71.2–111.7, 92) <0.001
ALT % above ULN* 48.6% (17/35) 80.4% (74/92) <0.001
AST (U/L) 35.6 (28.2–42.9, 27) 69.6 (56.6–82.6, 77) <0.001
Total bilirubin (lmol/L) 19.8 (9.5–30.0, 21) 15.7 (12.1–19.3, 75) 0.313
Creatinine (lmol/L) 81.5 (68.5–94.5, 20) 83.8 (70.0–97.7, 70) 0.642
INR 1.3 (1.1–1.4, 22) 1.2 (1.1–1.2, 64) 0.857
HBeAg+ 6.1% (2/33) 16.1% (14/87) 0.230
HBV DNA, Log IU/ml 1.29 (0.67–1.92, 31) 1.10 (0.76–1.45, 90) 0.613
HBV DNA detectable 52.9% (18/34) 46.8% (44/94) 0.555
HIV positive 0% (0/20) 15.5% (11/71) 0.113
HCV seropositive 8.7% (2/23) 19.8% (16/81) 0.349

Treatment (at any time)
Antiviral therapy active against HBV 51.4% (18/35) 65.3% (62/95) 0.161
Interferon 17.1% (6/35) 26.3% (25/95) 0.356
Lamivudine 8.6% (3/35) 20.0% (19/95) 0.187
Tenofovir-based regimen† 20.0% (7/35) 31.6% (30/95) 0.273
Entecavir 11.4% (4/35) 9.5% (9/95) 0.747
Nucleos(t)ide inhibitor 48.6% (17/35) 56.8% (54/95) 0.432

Mann-Whitney U tests were used for continuous data, Fisher’s exact tests were used for categorical data. Values of p <0.05 considered significant. For both continuous and
categorical variables missing data are excluded (n known is shown in table).
* ALT ULN >35 for males, >25 for females.
† Tenofovir-based regimen refers to treatment regimen that contains tenofovir disoproxil fumarate (TDF) or tenofovir alafenamide (TAF).
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HDV RNA >24 weeks (and >48 weeks if data were available)
over the study period, with undetectable viraemia significantly
associated with IFNa treatment at any time (5/7, 71.4%)
compared with patients that remained HDV RNA-positive (20/
105, 19.0%; p <0.01). With respect to demographics and HDV
treatment, Asian and Black/African/Caribbean patients were
significantly more likely to have treatment experience (p =
0.035 and 0.030, respectively), whereas there was no significant
difference in the likelihood of treatment among White or other
ethnic groups within the cohort. Interestingly, Canadian-born
patients were significantly more likely to be treated with
either IFNa or NA (p = 0.041) compared with patients born in an
HBV-endemic country (p = 0.500). HIV co-infected patients
were significantly more likely to be treated with antiviral
therapies other than IFNa (p <0.001), whereas patients with
higher levels of HBV DNA were more likely to be treatment-
naive (p <0.001). High-risk sexual contact (p = 0.037) was also
significantly associated with the likelihood of treatment
(Table 4).

CanHepB Network HDV and HBV genotypes
Within the CanHepB Network cohort, the HDV genotype could
be determined in 89 patients. HDV genotypes were consistent
JHEP Reports 2022
with that observed among the overall referred patient cohort;
83.2% gt1 (including 49.4% gt1d), 1.1% gt2, and 15.7% gt5. Unlike
the referred patient population, country of birth information
was available for 117 CanHepB patients, which was analysed in
association with 83 patients having HDV genotype data
(Table S5). Severe outcomes of HDV infection were observed
among all genotypes represented in the HDV+ cohort (Table S6),
although patient numbers were too few to determine signifi-
cance. HBV genotypes were also analysed in 54 of the 135
(40.0%) HDV+ cohort patients (Table S7). HBV genotype D was
the most predominant (29/54, 53.7%). HDV gt1 cases were
observed to be associated with HBV genotypes A, B, D, and E,
whereas HDV gt5 cases were only detected in association with
HBV genotype E.
Discussion
In Canada, HDV screening of HBsAg-positive individuals is rec-
ommended, including within high-risk groups, such as immi-
grants from regions of high HDV prevalence.20 The current study
presented a unique opportunity to investigate HDV prevalence,
molecular epidemiology, and clinical outcomes among specialist
clinics throughout Canada, through centralised reference
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Table 4. Demographic, sociodemographic risk factors and clinical outcomes based on treatment types in anti-HDV+ (and HDV RNA+ or HDV RNA-) in-
dividuals; comparison between patients treated with interferon, vs. any other treatment active against HBV, vs. no treatment.

Variable HDV with IFNa Rx (n = 33) HDV with other Rx (n = 50) HDV with no Rx (n = 52) p value

Age 45.9 (41.5–50.4, 33) 47.7 (44.3–51.2, 50) 44.8 (41.1–48.5, 52) 0.506
Male sex 78.8% (26/33) 74.0% (37/50) 61.5% (32/52) 0.184
Canada born 15.6% (5/32) 21.7% (10/46) 4.2% (2/48) 0.041
Born in country endemic for HBV 56.3% (18/32) 60.9% (28/46) 68.8% (33/48) 0.500
Ethnicity

Asian 40.6% (13/32) 21.7% (10/46) 16.0% (8/50) 0.035
White 28.1% (9/32) 30.4% (14/46) 34.0% (17/50) 0.845
Black/African/Caribbean 18.8% (6/32) 47.8% (22/46) 40.0% (20/50) 0.030
Other ethnicity 12.5% (4/32) 0% (0/46) 10.0% (5/50) 0.060

Other sociodemographic factors
Alcohol use 45.5% (15/33) 32.0% (16/50) 26.9% (14/52) 0.204
Smoking 27.3% (9/33) 32.0% (16/50) 21.2% (11/52) 0.463
Injection/intranasal drug use 12.1% (4/33) 18.0% (9/50) 3.8% (2/52) 0.074
High-risk sexual contact 6.1% (2/33) 12.0% (6/50) 0% (0/52) 0.037

Hepatic outcomes
Liver transplant 6.1% (2/33) 10.0% (5/50) 3.8% (2/52) 0.455
Cirrhosis 69.7% (23/33) 50.0% (25/50) 25.0% (13/52) <0.001
Hepatocellular carcinoma 9.1% (3/33) 10.0% (5/50) 5.8% (3/52) 0.718
Variceal bleeding 6.1% (2/33) 10.0% (5/50) 0% (0/52) 0.072
Hepatic encephalopathy 0% (0/33) 6.0% (3/50) 0% (0/52) 0.074
Transient elastography (TE; kPa) 12.9 (9.8-16.0, 25) 15.1 (10.0-20.2, 35) 10.6 (7.5–13.8, 34) 0.260
>F2 fibrosis (TE >7.3 kPa) 68.0% (17/25) 68.6% (24/35) 58.8% (20/34) 0.649
>F3 fibrosis (TE >10.7 kPa) 48.0% (12/25) 45.7% (16/35) 26.5% (9/34) 0.154

Laboratory
ALT (IU/ml) 94.4 (58.7–130.2, 32) 65.1 (48.1–82.2, 49) 72.4 (44.6–100.2, 51) 0.319
ALT % above ULN* 81.3% (26/32) 67.3% (33/49) 68.6% (35/51) 0.351
AST (U/L) 65.1 (46.0–84.1, 25) 68.1 (48.0–88.1, 42) 48.7 (37.3–60.0, 42) 0.190
Total bilirubin (lmol/L) 19.1 (11.1–27.0, 21) 18.7 (11.6–25.7, 40) 12.8 (9.7–16.0, 35) 0.270
Creatinine (lmol/L) 75.7 (69.1–82.2, 20) 82.2 (73.4–90.9, 43) 90.8 (55.5–126.0, 27) 0.616
INR 1.13 (1.04–1.21, 20) 1.26 (1.13–1.39, 35) 1.15 (1.08–1.21, 31) 0.124
HBeAg+ 6.7% (2/30) 21.7% (10/46) 10.4% (5/48) 0.122
HBV DNA, Log IU/ml 0.37 (0.05–0.69, 29) 0.95 (0.51–1.38, 50) 1.81 (1.24–2.38, 45) <0.001
HBV DNA detectable 25.0% (8/32) 40.0% (20/50) 70.6% (36/51) <0.001
HDV RNA-positive 83.9% (26/31) 75.5% (37/49) 66.0% (33/50) 0.194
HIV-positive 0% (0/26) 30.3% (10/33) 2.7% (1/37) <0.001
HCV-seropositive 15.4% (4/26) 25.0% (9/36) 11.1% (5/45) 0.246

Continuous data are shown as mean (SD) (n). Categorical data are shown as mean % (n). For continuous variables, where there is missing data n is shown as n/n known.
Statistics comparing continuous data (1-way ANOVA) or categorical data (Chi-square). Values of p <0.05 considered significant.
* ALT ULN >35 for males, >25 for females.
laboratory testing of serological and molecular markers of HDV
infection.

The observation of 4.8% anti-HDV positivity among HBsAg-
positive patients attending specialist clinics is similar to the
Stockdale et al.14 HDV seroprevalence estimate of 4.5% among the
global HBsAg-positive population. However, meta-analyses
conducted by Stockdale et al.14 and Miao et al.22 both describe
considerably higher prevalence among hepatology clinic at-
tendees, at 16.4% and 13.02%, respectively. This discrepancy may
be a result of meta-analyses study selection12 or screening bias
among the Canadian clinic population, but the publicly funded
healthcare system in Canada may also influence the prevalence
findings. It is plausible that access to universal healthcare may
result in a relatively lower ratio of HBV-referred patients having
severe liver disease at the time of referral. The percentage of
referred HBsAg-positive patients tested for HDV in Canada is
speculative as a result of different systems used to capture lab-
oratory screening and reference testing results, but reports23 and
personal communication (CanHepB Network members) in com-
bination with reference laboratory data allows an estimate of the
HDV testing prevalence. Towards the beginning of the decade
(2012 onwards), approximately 4–25% of clinic HBV patient re-
ferrals were likely tested for HDV, with the rate increasing by the
JHEP Reports 2022
end of the decade (to 2019), to 50% of referrals on average being
tested.

The HDV RNA positivity rate among HDV-seropositive in-
dividuals in this study (approximately 65–73%) may be influ-
enced by false-positive antibody results, as has been suggested
with other anti-HDV serological platforms.24 The wide range of
HDV RNA positivity among seropositive patients reported in the
literature25–28 may be a function of the endemicity of the pop-
ulation28 or the time point during chronic infection when RNA
testing is performed.29 However, HDV RNA positivity observed in
this study is consistent with other recent clinic or nationwide
investigations of HDV seropositive patients (69.1%,30 70%31). It is
acknowledged that a certain percentage of HBsAg-positive per-
sons who have resolved HDV superinfection will remain HDV
seropositive,1 thus using sensitive and specific methods for
detecting HDV RNA are necessary to answer this question and
aid in patient management, such as predicting relapse following
IFNa treatment.32 The present study used an in-house RNA assay
with a sensitivity of approximately 11 copies/ml (Supplementary
data).

The subset of 135 HDV+ patients having demographic,
epidemiological, clinical and hepatic outcome data allowed an
analysis of these factors in comparison with HBV mono-infected
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patients within the CanHepB Network. The HDV+ cohort were
more likely to be male, born in Canada, White or Black/African/
Caribbean, and to have reported high risk factor activities such as
injection or intranasal drug use or high-risk sexual contact. The
significant representation of White and Canadian-born in-
dividuals among those HDV+ was a striking observation, as
chronic HBV infection prevalence in Canada15 is understood to be
associated with immigration from HBV- or HDV-endemic coun-
tries,33 with the assumption that this same population would
primarily comprise HDV-infected persons in Canada. Indeed, the
majority of patients in both cohorts were not born in Canada.
Canada has experienced increased immigration over the past 10
years primarily from regions, including endemic countries,
throughout Asia (48%), Europe (28%), the Americas (15%), and
Africa (8.5%).7,8,34 White study participants were also signifi-
cantly represented among the HDV cohort, with the majority
(51.4%) not born in Canada (birth country; Switzerland, Russia,
Romania, Moldova, Portugal, Ukraine, Uzbekistan, Georgia). The
global epidemiology of HDV is changing as HBV prevalence is
reduced in regions having a robust and long-term vaccination
program.13 Furthermore, regions of high HDV prevalence often
do not correspond to highly prevalent regions of HBV. Other
factors, including high-risk activity, differing transmission routes
(early horizontal or perinatal transmission for HBV mono-
infected vs. sexual or parenteral transmission for HDV-HBV co-
infected), and the broad immigrant population within Canada,
also likely contribute to the demographic observations of this
study. Canada introduced universal childhood (i.e. infant or
adolescent) HBV vaccination in the early 1990s, leading to
increased protection against HBV (and HDV) in the younger
Canadian-born generation. These findings highlight the impor-
tance of consistent HDV screening according to the recom-
mended guidelines.

HDV infection is estimated to result in approximately 16–20%
of cirrhosis or HCC among persons chronically infected with
HBV,14 although this is likely an underestimation. Our cross-
sectional analysis confirmed the significant association be-
tween the HDV+ cohort and severe hepatic outcomes, including
decompensation, liver transplantation, cirrhosis, and HCC,
compared to HBV mono-infected patients. Ten of the eleven co-
infected patients having HCC were also diagnosed with cirrhosis,
whilst the remaining individual was noted to have a low platelet
count, and thus is suspected of having cirrhosis35 despite not
meeting the FibroScan criteria for cirrhosis. TE can be impacted
by hepatic necroinflammation in CHB and significantly, there is
presently no validated TE threshold for HDV co-infection.36 A
study of Taiwanese chronic hepatitis B patients treated with NA
showed that HDV viraemia contributed significantly to the
development of HCC, with a 5-year cumulative incidence of
22.2% compared with HDV RNA-negative patients (7.3%, p =
0.01).37 In the present study, upon stratification by RNA posi-
tivity, cirrhosis, elevated ALT, AST, and TE indicating greater than
stage 2 fibrosis, were significantly associated with HDV viraemia.
The significant association between HDV viraemia and increased
ALT levels has also been described in both univariate and
multivariate analyses in a cross-sectional study of over 1,500
patients from 15 countries.28 An investigation of qHBsAg (< or
>100 IU/ml) in association with HDV RNA, treatment experience,
and severe hepatic outcomes did not show any significant as-
sociations, likely as a result of the low number of patients in each
grouping. To aid in clinical prediction, non-invasive fibrosis
scoring variables and specific cut-off values have been created
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for HDV co-infection, although their validation in larger and
more ethnically diverse cohorts is required.38–40

At present, IFNa is the only antiviral drug approved for
treatment of HDV in Canada. Within the HDV+ cohort, treatment
experience with IFNa, entecavir or tenofovir was significantly
more common than among HBV mono-infected patients.
Although the number of patients testing HDV RNA-negative over
the study period was few, undetectable HDV RNA was signifi-
cantly associated with IFNa treatment at any time when
compared with patients that remained persistently HDV-
positive. The typical response rate to a standard course of IFNa
treatment is only 20–30%, although post-treatment effects
induced by IFNa have been associated with improved outcomes.6

Patients with other HDV-related severe hepatic complications
were not more likely to have received antiviral treatment. This
observation highlights the fact that although intervention may
be indicated, the limited options available for HDV treatment
reduces therapeutic initiation.

Asian, Black/African/Caribbean, and Canadian-born patients
and those reporting high-risk sexual contact were also more
likely to have been treated with either IFNa or NA, whereas HDV
patients born in an HBV endemic country did not have a greater
likelihood of prior treatment. Markedly, this observation sug-
gests that even with sociodemographic factors consistent with
healthcare access disparities,41,42 Canadian-born patients were
more likely to be treated for HBV or HDV compared with most
foreign-born patients, although admittedly immigrant pop-
ulations have shown inadequate entry into care.43,44 A possible
reason for these findings may be because of healthcare dispar-
ities (including language, cultural barriers, or drug reimburse-
ment policies). Further to this, individuals co-infected with HIV
(11.5%) were also observed to have a higher likelihood of entry
into care, possibly for treatment of HIV and HBV before HDV
diagnosis.

HDV gt1d was the most prevalent genotype observed in the
study population, thus consistent with the North American and
global distribution of gt1.11 The observed association between
HDV genotype and country of birth among 83 CanHepB network
patients (Table S5) supports and expands previously reported
geographic and ethnic associations among HDV genotypes.11

Although there is little clinical evidence associated with out-
comes of infection with specific HDV genotypes, several reports
have described differences in severity. Compared with gt2, gt1
was significantly associated with a higher incidence of HCC and
mortality.45 Genotype 3 has been reported in cases of severe or
fulminant hepatitis, familiarly known as Labrea hepatitis,
throughout northern regions of South America.46,47 In contrast,
gt5 is associated with an improved prognosis in comparison to
gt1, including a lower 10-year cumulative incidence of
cirrhosis.48 Severe outcomes of HDV infection were observed
among all HDV genotypes represented in the HDV+ cohort, with
fewer gt5 patients represented compared with gt1 patients,
although the significance of this observation could not be
determined because of the low numbers among each outcome/
genotype.

There were several limitations to the study. The retrospec-
tive cross-sectional nature of the study meant that patients
were at different stages of HDV infection. Capturing the most
recent laboratory test result may introduce bias as it cannot
take into account the fluctuation of clinical markers over time.
Certain virological markers, such as quantitative HDV RNA, or
demographic markers, such as country of birth, were not
8vol. 4 j 100461



available for all patients. Similarly, the number of patients
within stratified groups were often too low to determine the
significance of findings among groups. HDV screening selection
bias is an important limitation that will confound calculation of
prevalence. Additionally, the inability to match several speci-
mens with data highlights the need for an electronic reporting
system between reference and local laboratories.

Despite determining the percentage of HDV RNA positivity
within the referral population (64.8%) and the specialist clinic
subset of seropositive patients (73.1%), we cannot estimate the
true prevalence of HDV infection as not all HBsAg-positive pa-
tients are tested. However, the majority of chronic viral hepatitis
patients in Canada are referred to hepatologists or infectious
diseases specialists for disease management,20 thus the active
participation of specialist physicians in HDV screening suggests
that results of the current study provide an accurate picture of
HDV prevalence in HBsAg-positive Canadians in care. According
to Rizzetto and Hamid,1 referred patient surveys from specialist
JHEP Reports 2022
clinics provide the most reliable information on HDV infection,
which is ever more pertinent for large and diverse immigrant
populations, such as within Canada. Therefore, ongoing accor-
dance with screening recommendations will allow confirmation
of the prevalence estimate of HDV infection in referred clinic
populations.

Conclusions
The extremely high burden associated with HDV–HBV co-
infection, including severe disease, mortality, and attendant
healthcare costs49 reinforce the need to improve and increase
HDV screening and entry into care and treatment. With the
advent of new therapies for HDV, understanding the national
epidemiology and prevalence of HDV is necessary to properly
target and fund effective interventions. The current study illus-
trates how targeted surveillance of a referred population can
illuminate details to achieve a successful care and management
plan for the HDV-infected population.
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