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Abstract

Background: Prevalence estimates contribute to our understanding of the magnitude of a particular health
condition and in planning appropriate public health interventions.

Objective: To estimate the prevalence of chronic Hepatitis C virus (HCV) infection, anti-HCV-positive status (anti-
HCV) and the proportion of undiagnosed HCV infections in Canada.

Methods: A combination of back-calculation and workbook methods was used. The back-calculation method
estimated prevalent chronic HCV infection and the proportion undiagnosed using the Canadian Cancer Registry’s
data on hepatocellular carcinoma reported between 1992 and 2008 and the Canadian Notifiable Disease
Surveillance System’s data on Hepatitis C virus (HCV) cases reported between 1991 and 2009 in a Markov multi-
state disease progression model with parameters adjusted to Canada. The workbook method divided the total
population of Canada into population subsets and developed estimates of population size and anti-HCV
prevalence for each. Sub-population size estimates were multiplied by anti-HCV prevalence measures to
calculate the prevalence of anti-HCV by sub-population. A measure of spontaneous clearance was used to
estimate the number of persons with chronic HCV from estimates of the number of anti-HCV-positive persons.

Results: The back-calculation method estimated the prevalence of chronic HCV infection at 0.64% and the
proportion of undiagnosed chronic HCV infection at 44% in 2011. The workbook method estimated the anti-HCV
prevalence at 0.96% (plausibility range: 0.61% to 1.34%) and chronic HCV infection at 0.71% (0.45 — 0.99%).

Interpretation: By combining mid-point estimates from both methods, it is estimated that between 0.64% to
0.71% of the overall Canadian population was living with chronic HCV infection in 2011 and 44% of these
individuals were undiagnosed.

Introduction

Chronic Hepatitis C virus (HCV) infection affects an estimated 3% of the world’s population (1). Approximately
three out of four persons with acute HCV infection will not clear the virus spontaneously within six months and will
develop chronic HCV infection with an array of long-term sequelae (2). The diagnosis of HCV infection is usually
based on identifying antibodies to HCV (anti-HCV) and/or the viral material (i.e., HCV ribonucleic acid) (3)
alongside certain liver function enzyme tests (4). A positive anti-HCV test result indicates past or current HCV
infection since the HCV antibodies may remain after the virus has cleared. A positive HCV-RNA test suggests a
current infection which may be acute or chronic, with chronic HCV infection being defined as a positive HCV-RNA
test for more than six months since the presumed infection date.

National estimates of prevalence contribute to our understanding of the magnitude of a particular condition and
can help in planning appropriate public health interventions (5). The prevalence of anti-HCV-positive persons in
Canada was estimated at 0.78% of the total Canadian population in 2007, of whom 21% were considered not
diagnosed at the time (6). Based on the data from Cycles 1 and 2 of the Canadian Health Measures Survey
(2007-2011), Rotermann and colleagues estimate anti-HCV seroprevalence in the range of 0.3% to 0.9% with a
mid-estimate of 0.5%. Approximately 70% of persons who tested anti-HCV-positive reported that they did not
have Hepatitis C (7).
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However, the Canadian Health Measures Survey did not cover non-household populations with a higher HCV
burden (8) (e.g., prison inmates, homeless persons and residents of health care facilities) and, with a response
rate of just above 52% (7), the Survey may have under-sampled household populations that were highly affected
by HCV (e.g., people who use injection drugs (IDU), chronically ill persons on haemodialysis and immigrants who
do not speak English or French). Therefore, the analysis by Rotermann and colleagues (7) likely underestimated
the true anti-HCV seroprevalence in Canada.

Given the length of time since the last HCV prevalence estimates were developed in Canada (6) and the potential
limitations of the analysis by Rotermann and colleagues (7), this review sought to update estimates of the
prevalence of chronic HCV infection, anti-HCV-positive persons and the proportion of undiagnosed cases of
chronic HCV infection in Canada.

Methods

Estimates of the prevalence of chronic HCV infection and anti-HCV-positive persons and the proportion of
undiagnosed cases of chronic HCV infection in Canada were developed using a combination of back-calculation
(9) and workbook (10) methods.

Back-calculation uses the observed occurrence of subsequent events to make inference about the incidence of
the initiating events in the past that lead to them. This method was recently adopted to estimate the incidence of
HCV infection in France (11) and England (12), where reported data on HCV-associated hepatocellular carcinoma
and a Markov multi-state disease progression model were used to back-calculate the historical HCV incidence.
We used a back-calculation method with Canadian Cancer Registry’s data on hepatocellular carcinoma reported
between 1992 and 2008 and a Markov multi-state disease progression model with parameters adjusted to
Canada (13, 14) to estimate chronic HCV infection prevalence and the proportion of undiagnosed HCV infections
in 2011. The prevalence of chronic Hepatitis C per 100 population was estimated with data stratified by 5-year
birth cohort according to the date of birth. The overall prevalence was estimated using the same model with all
birth cohorts combined. Another back-calculation process with data from the Canadian Notifiable Disease
Surveillance System (CNDSS) on HCV cases reported between 1991 and 2009 was run in parallel to ensure the
reliability of the estimates of the former. As record-level HCV data from CNDSS was only available for six
Canadian provinces and territories that account for 88% of the Canadian population, estimates from the back-
calculation were extrapolated to the whole Canadian population.

A workbook method was used to estimate the number of prevalent and undiagnosed anti-HCV-positive persons in
Canada in 2011. Using this method, population size estimates were multiplied by anti-HCV seroprevalence
measures (anti-HCV) to produce estimates of prevalent anti-HCV-positive persons. A value of 26% was used to
describe the population’s spontaneous HCV clearance and to estimate the chronic HCV infection prevalence from
an estimate of anti-HCV-positive persons (15). Then, estimates of prevalent anti-HCV-positive persons were
multiplied by the proportion of undiagnosed chronic HCV infection from the back-calculation method to produce
the numbers of potentially undiagnosed persons.

The total population of Canada was divided into population subsets and size and anti-HCV prevalence estimates
were developed for each subset population. Population size estimates were developed using data from published
literature and a custom tabulation of the Cycle 1 and 2 data from the Canadian Health Measures Survey
(Unpublished data. Public Health Agency of Canada, available from the author upon request). Sources are
referenced in Table 1.

The MEDLINE, EMBASE, GLOBAL HEALTH, SCOPUS and PROQUEST PUBLIC HEALTH databases were
searched for anti-HCV prevalence measures in the populations of interest in Canada and other developed
countries through relevant papers published from 2000-2013 in English or French. Bibliographies of identified
studies were also searched for relevant articles in addition to the electronic resources of Statistics Canada,
Citizenship and Immigration Canada, Correctional Service Canada, the Public Health Agency of Canada (PHAC)
and the Internet. Requests for information were sent to Canadian experts working in the fields of migration health,
prison studies, substance abuse, mathematical modelling and Hepatitis C epidemiology.
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During the review, anti-HCV seroprevalence measures were ranked as “under-estimates”, “over estimates” or as
“appropriate estimates” based on a subjective assessment of how representative the study sample was of the
population of interest from the description of the study design in the methods section of the reviewed paper. The
study outcomes assessed as likely over- or under-estimates were used to bound plausibility ranges of the
appropriate estimates (10).

A number of population groups were assessed to have appropriately representative studies of anti-HCV
prevalence, including foreign-born persons aged 14-79 years old, current and former injection drug users,
homeless persons who do not use injection drugs, federal and provincial inmates and residents of long-term
healthcare facilities. For these groups, prevalence estimates from the group of studies ranked as “appropriate
estimates” were chosen if they were from cohort studies or systematic reviews, or, in the absence of such, from
studies with more accurate geographical representation. For foreign-born persons, a range of anti-HCV
prevalence measures at 1.90% (95%ClI: 1.30-2.60) (suggested by Greenaway and colleagues) were used (16).
For current injection drug users, including those of Aboriginal origin and homeless people who use injection
drugs, a range of anti-HCV seroprevalence at 63%-69% were used (Unpublished data. I-Track: Enhanced
Surveillance of Risk Behaviours among People who Inject Drugs, Phases 1-3. PHAC. 2013). For former injection
drug users, a range of anti-HCV seroprevalence at 28.5% (95%CI: 10.8-46.3) from a custom tabulation of the
Cycle 1 and 2 data from the Canadian Health Measures Survey were used (Unpublished data, PHAC 2013). For
homeless people who do not use injection drugs, anti-HCV seroprevalence measures in the range of 0.8%
(Unpublished data E-SYS: Enhanced street youth surveillance system, Phase 6 (2009-2011). PHAC, 2013) to 3.70%
were used (17). For inmates of the federal penitentiaries, a point estimate of anti-HCV prevalence at 24.0%
provided by the Correctional Service Canada for 2011 (Unpublished data. Correctional Service Canada, 2013)
and a range of measures from a publication by De and colleagues at 18.10%-37.10% were used (18). For
inmates of the provincial penitentiaries, a range of published measures of anti-HCV seroprevalence between
18.5% (19) and 28.0% were used (20). For residents of long-term care facilities, a range of published measures of
anti-HCV seroprevalence between 1.4% (21) and 4.5% were used (20).

For the remaining population groups (including Aboriginal people who do not use injection drugs and Canadian-
born persons of non-Aboriginal ancestry aged 0-13 and 80+ years old who do not use injection drugs), mid-point
estimates and plausibility ranges were derived using indirect evidence on anti-HCV prevalence measures as
compared to the anti-HCV prevalence estimates in populations with reliable estimates, such as rate ratios or
higher or lower position in relation to anti-HCV prevalence rates measured in the comparison populations. Thus,
the lower bound of the prevalence estimate (0.03%) for 14-44 years old from a custom tabulation of the Cycle 1
and 2 data from the Canadian Health Measures Survey (Unpublished data. PHAC,2013) was used as the upper
bound for children 0 to 13 years old, while the lower bound was assigned as 0.01% and the mid-point estimated
as the average of the two. For senior residents aged 80+ years old, the mid-point and range of prevalence in 14-
44 years old from a custom tabulation of the Cycle 1 and 2 data from the Canadian Health Measures Survey
(Unpublished data PHAC, 2013) (0.16% (0.03% to 0.29%) was assigned with the understanding that it should be
lower than the prevalence in 45-79 years old (0.93% (0.33%-1.53%) but higher than that in the age group of 0-13
years old (0.02% (0.01%-0.03%) (as is evidenced from a custom tabulation of the Cycle 1 and 2 data from the
Canadian Health Measures Survey (Unpublished data. PHAC, 2013).

For Canadian-born persons of non-Aboriginal ancestry who do not use injection drugs aged 14-79 years old, anti-
HCV prevalence measures from a custom tabulation of the Cycle 1 and 2 data from the Canadian Health
Measures Survey (Unpublished data PHAC, 2013) (0.20% (95%CI: 0.10-0.30%) were used. For Aboriginal
persons who do not use injection drugs, a multiple of 2.5 (a coefficient found in the study of Uhanova and
colleagues (23) times the seroprevalence rate from a custom tabulation of the Cycle 1 and 2 data from the
Canadian Health Measures Survey (Unpublished data, PHAC, 2013) in Canadian-born persons of non-Aboriginal
ancestry who do not use injection drugs aged 14-79 years old was used. Due to very limited data on anti-HCV-
positive status awareness, a point estimate of undiagnosed chronic HCV infection from the back-calculation
method was applied to the point-estimates of persons with chronic HCV infection from the workbook and back-
calculation methods to calculate the range of undiagnosed persons with chronic HCV infection.
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Results

The overall prevalence of chronic HCV infection (as estimated from the back-calculation) was 0.64% or 220,697
persons in 2011. In the previous 20 years, the country’s prevalence of chronic HCV infection had changed in the
range of 0.6% to 0.7% (Figure 1). The highest prevalence of chronic HCV infection occurred in the birth cohort
1955-59 (1.5%), followed by the birth cohorts 1950-54 (1.25%), 1960-64 (1.2%), 1965-69 (1.1%) and 1970-74
(0.8%). The prevalence of chronic HCV infection among those born before 1949 has declined from approximately
1% to below the overall prevalence rate in the past 20 years. The prevalence of chronic HCV infection among
those born after 1965 has increased from below the overall prevalence rate to above it. The prevalence of chronic
HCV infection in those born between 1950 and 1964 has remained above the overall prevalence rate throughout

the 20 year period. The back-calculation method also estimated that 44% of those with chronic HCV infection
were not diagnosed in 2011.

Figure 1: Estimated prevalence of chronic HCV! infection (per 100 population) in Canada from a back-
calculation model®
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The workbook method estimated the anti-HCV prevalence in Canada in 2011 at 0.96% with a plausibility range of
0.61% to 1.34% (Table 1). This range translates into an estimated 332,414 persons (plausibility range (persons):
210,753 to 461,517) who were anti-HCV-positive in 2011 (Table 1). After adjusting for an HCV clearance rate of

26%, the workbook method estimated 0.71% (plausibility range (%): 0.45 — 0.99) or 245,987 persons (plausibility

range (persons): 155,957 to 341,522) had not cleared the virus and were considered living with chronic HCV
infection in 2011.
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Table 1: Estimated prevalence and the number of anti-HCVl-positive persons with associated

plausibility ranges by key population in Canada in 2011

Anti-HCV-positive Number of anti-HCV-positive
_ Source_s of Size of prevalence (%) persons
Population populations lati = =
(reference) population Mid- Lower | Upper Mid- Lower Upper
Estimate bound | bound Estimate bound bound
Non-Aboriginal-non-
Immigrant-non-IDU° 14- | uCHMS®* 19,855,629 020| 010| 030 39,711 | 19,856 | 59,567
79 years old.
'y‘(‘gfsilfjma'e 0-13 gﬁfsfsg)ada (30), 5,235,834 002 | 001| 003 1,047 524 | 1,571
;”ejfsifjma'e 80+ gﬁ%%;”fda (30), 1,141,489 0.16°| 003 | 029 1,826 342 | 3310
5;’;?;9;3’”” 14-79 g?}s é’g;‘ada (30), 6,127,814 190 | 130 | 260 | 116428 | 79662 | 159,323
Aboriginal non-IDU? gfrfisc(%’)‘ada (30) 1,223,081 050°| 025| 075 6115 | 3058 | 9,173
3
;g;rrr;eglgou 14-79 UCHMS®, Remis (6) 265,270 28.50 | 10.80 | 46.30 75,602 | 28649 | 122,820
8 .
Current IDU° (CG?SA (33), Remis 100,000 66.00° | 63.00 | 69.00 66,000 | 63,000 | 69,000
Homeless non-IDU? Eﬁﬁrfc“k)g Laird (35), 180,969 225° | 080 | 3.70 4,072 1448 | 6,696
Federal inmates, Dauvergne (36),
including youth Prisonstudies.org 14,556 2400 | 1810 | 37.10 3493 | 2635 | 5400
Provincial inmates, (37), UBC™ (38), 6
it risonustice.os (39) 39,042 23.25° | 1850 | 28.00 9287 | 7,389 | 11,184
Residents of nursing
homes and long-term CHA® (31) 299,390 295° | 140 | 450 8,832 | 4191 | 13473
care hospitals
Prevalence 0.96 0.61 1.34 n/a" n/a" n/a"
a 1 Stats Canada (30) 34,483,975

ggs'?ﬁk\’/eeﬁ"f anti-HCV na' | na"| na" 332,414 | 210,753 | 461,517

HCV = Hepatitis C virus

? Note: Numbers may not add up due to rounding

* IDU= injection drug user

4 uCHMS= unpublished custom tabulation of Canadian Health Measures Survey Cycle 1 and 2 data
> CHA = Canadian Healthcare Association

Note: Calculated as an arithmetic average of the lower and upper bounds

" CIC = Citizenship and Immigration Canada

8 CCSA = Canadian Centre on Substance Abuse
% ul-Track = unpublished data from I-Track (national behavioural and biological surveillance system)
1" University of British Columbia

""'N/A = not applicable

Discussion

By combining mid-points from both methods, between 0.64% to 0.71% of the overall Canadian population (from
220,697 to 245,987 persons) were living with chronic HCV infection in Canada in 2011. 44% of these individuals
(ranging from 97,107 to 108,234) were likely undiagnosed. The estimated number of anti-HCV-positive persons
was 332,414 (about 1% of the Canadian population) with a plausibility range from 210,753 to 461,517.

“Hidden” populations such as former and current injection drug users and homeless people (approximately 1% of
the total Canadian population) account for almost 44% of total anti-HCV-positive persons. Foreign-born
populations comprise an additional 35% of estimated anti-HCV-positive persons in Canada in 2011.

When compared with an estimated prevalence from a modelling exercise by Remis (6), which, like the back-
calculation method used a Markov’ multi-state disease progression model, mid-estimates of the prevalence of
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anti-HCV and chronic HCV infection changed from 0.8% (6) to 1.0% and from 0.6% (6) to 0.7% respectively. This
suggests that between 2007 and 2011, changes in anti-HCV and chronic HCV infection prevalence (if any)
occurred in a narrow range and that the majority of anti-HCV-positive persons and those with chronic HCV
infection were within a few key populations in Canada.

These prevalence estimates are comparable with estimates from an analysis of US data (24). In addition, the
estimate of hidden populations accounting for 44% of total anti-HCV-positive persons is generally comparable
with the estimate of 34% for comparable populations in the US (24).

Other important findings of this analysis include that the birth group of 1950-1970 currently encompasses the bulk
of chronic HCV infection in Canada and that the new estimated proportion of persons with undiagnosed chronic
HCV infection in 2011 was 44%. This new estimate is approximately twice as high as the one estimated by Remis
for 2007 at 21% (6) and it falls between the estimates for populations which are expected to have high rates of
HCV testing such as injection drug users at 20%-43% undiagnosed (Unpublished data. |-Track: Enhanced
Surveillance of Risk Behaviours among People who Inject Drugs, Phases 1-3. PHAC. 2013) and populations
expected to have lower rates of HCV testing such as hospital patients at 56% undiagnosed (25) and the weighted
estimate for the Canadian household population of 14-79 years old at 69.5% undiagnosed (7). The estimate of
44% undiagnosed is also within the ranges of the proportion undiagnosed found in Canada in inmates (28-50%)
(26), first time blood donors (42-58% undiagnosed) (27) and men who have sex with men (44-75% undiagnosed)
(Unpublished data M-Track: Enhanced Surveillance of Risk Behaviours among Men who Have Sex with Men,
Phases 1-2 PHAC 2013). It is also comparable with the US estimate of the proportion of undiagnosed with anti-
HCV-positive status at 50.3% (28).

The two back-calculation processes used together provided an opportunity to internally calibrate the model
outputs to improve the fit with the reported data on HCV cases and cases of hepatocellular carcinoma. The
CNDSS data allowed for a more accurate estimate of recent trends, younger birth cohorts and the overall
magnitude of the epidemic. The hepatocellular carcinoma data allowed for a more effective model of historical
trends, older birth cohorts and disease progression, in a manner similar to that used by other researchers in the
field (14). The use of the two data sets through an iterative process improved the overall model and made it less
dependent on the limitations of any one data set. We also cross-validated the annual HCV prevalence predicted
by the model with the prevalence from independent data sources, including the Canadian Health Measures
Survey 2007-2011 data (7) and the reported HCV infections among healthcare patients from the CIHI Discharge
Abstract Database (29). While absolute measures of HCV prevalence differed between the above data sources
(possibly due to the differences in methodology and in how outcomes and geographic representation were
defined) there was general agreement in the distribution of predicted/estimated HCV prevalent cases by year of
report and birth cohort as well as for temporal trends.

These estimates may be affected by both data and methodological limitations such as under-reporting of
outcomes; combining anti-HCV and HCV-RNA test results into a single outcome measure; and using record-level
data from six Canadian jurisdictions to make inferences about HCV prevalence for all of Canada. Other limitations
are due to value judgements in grading and choosing outcome measures for specific populations; the largely
English-language focus of the review; not adjusting the back-calculation model for the effect of HCV treatment;
and the many assumptions used in the estimation process. The methods used to develop HCV prevalence
estimates described in this paper make maximum use of available data, are based on independent data sources
and, when used jointly and iteratively, may compensate for individual deficiencies. Nonetheless, we anticipate the
prevalence estimates will change as new and improved data on HCV prevalence in Canadian populations
becomes available.
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