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Abstract

Background: HIV-positive individuals may acquire HCV via injection drug use (IDU)

and condomless anal sex. HIV care provides opportunities for HCV testing and cure

with direct-acting antiviral agents (DAAs).

Methods: We analyzed data from the Ontario HIV Treatment Network Cohort Study.

Among those not HCV-positive or diagnosed previously (n = 4586), we used Cox

regression to test the rates of ever HCV testing (serological or RNA) in HIV care by

DAA era (pre-DAA: 2000-2010; after DAA: 2011-2015) and compared the propor-

tion diagnosed with HCV. We identified correlates of annual proportions of serologi-

cal testing using Poisson generalized estimating equations.

Results: After DAA vs pre-DAA, the hazard rate ratio (95% CI) of ever HCV test-

ing was 1.70 (1.59, 1.81). The proportion (95% CI) tested annually increased from

9.2% (8.0%, 10.7%) in 2000 to 39.1% (37.1%, 41.1%) in 2015 (P < 0.0001). The

proportion diagnosed with HCV declined by 74% pre-DAA to 11% after DAAs.

Annual testing increased per calendar year (16% steeper slope after DAA vs pre-

DAA) and was more common among men who have sex with men; those more

educated (post-secondary vs ≤ high school); and those positive for syphilis or

reporting any IDU. Annual testing decreased per decade of age and time since

HIV diagnosis.
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Discussion: Annual HCV testing increased over time with higher testing among those

reporting sexual or IDU risk factors, but fell short of clinical guidelines. Targeted inter-

ventions to boost testing may be needed to close these gaps and reach WHO 2030

HCV elimination targets.

K E YWORD S

Coinfection/epidemiology, hepatitis C/epidemiology*, hepatitis C virus testing, HIV infections/
epidemiology*, HIV-HCV co-infection

1 | INTRODUCTION

People living with HIV are vulnerable to the acquisition and

consequences of Hepatitis C virus (HCV) co-infection due to

biological and social factors. In Canada, 18% to 20% of those living

with HIV are co-infected with HCV compared to <1% in the general

population.1,2 Direct-acting antiviral (DAA) drugs, approved by Health

Canada in 2011, are highly efficacious and curative (>95%) even in

co-infected individuals, though uptake was initially low. Timely HCV

testing and treatment with DAA drugs can ameliorate clinical compli-

cations and interrupt ongoing HCV transmission, thus making it

possible to reach elimination goals set by the World Health Organiza-

tion (WHO) by 2030 (90% diagnosis, 80% reduction in HCV incidence,

and 65% reduction in HCV-related mortality).3

In 1999, U.S. guidelines first recommended testing all HIV-

positive individuals for HCV 4 though HCV testing in Canada

remained risk or symptom based even after approval of DAAs in 2011

and interferon-free, all-oral regiments in 2014.5 It was not until 2016

that new Canadian guidelines recommended one-time HCV testing

when first evaluated for HIV, followed by annual retesting for “high
risk” individuals such as people actively injecting drugs and sexually

active HIV-positive men who have sex with men (MSM) engaging in

“high risk” behaviors.6

In 2011, 44% of those chronically infected with HCV were esti-

mated to be undiagnosed in Canada.7 Diagnosis rates were thought

to be higher for people living with HIV, as attending HIV care pro-

vides opportunities for HCV screening and treatment. To our knowl-

edge, there are no published reports of HCV testing in this

population in Canada, which could provide historical estimates for

inputs of mathematical models of HCV transmission and identify

gaps in HCV care cascades and barriers to reaching WHO elimina-

tion targets. Therefore, we sought to characterize temporal patterns

of HCV testing between 2000 and 2015 in a clinical cohort of HIV

patients in Ontario, the province that comprised 38.7% of all

reported HCV cases in Canada in 2009 and has the largest popula-

tion of people living with HIV.2 We aimed to estimate the annual

proportion that had tested for HCV, the frequency of annual sero-

logical HCV tests, and the proportion diagnosed with HCV. We

hypothesized that HCV testing trends would reflect the testing

guidelines and treatment options over time, with higher testing after

DAA approval (2011 onwards) and in groups perceived to be at

higher risk for HCV acquisition.

2 | METHODS

We used data from the open, prospective Ontario HIV Treatment

Network Cohort Study (OCS), which has been described previously.8

Briefly, the OCS represents almost 25% of the HIV patients under

care in Ontario, consisting of participants aged 16 or older who

volunteered to be a part of the study and accessed HIV care at any of

nine participating clinics. From 1995 to 2007, participants self-

completed a questionnaire at enrollment; since 2008, they were inter-

viewed annually.8 Clinical data was abstracted from medical charts.

The study protocol, research instruments and forms received ethical

approval from the University of Toronto Human Subjects Review

Committee and from the individual study sites.

2.1 | Testing and laboratory data

We obtained testing data for HIV viral load, HCV and syphilis through

linkage with OCS clinical records and the provincial Public Health

Ontario Laboratories (PHOL), the sole provider of HIV viral load and

syphilis serological tests in Ontario. In Ontario, HCV serological test-

ing can be performed by private laboratories, hospital laboratories, or

at the PHOL. However, almost all confirmatory HCV serological tests

and HCV-RNA detection and quantification are conducted by the

PHOL. Testing for HCV antibodies (anti-HCV) is often the first rec-

ommended step in the testing algorithm, and if positive, is followed by

HCV RNA detection, measurement and genotyping. We defined “ever
testers” as those with at least one HCV test (serological or RNA), and

“annual testers” as those with at least 1 HCV serological test in a cal-

endar year that they were under observation (Details in Table S1).

HCV diagnosis was classified on the basis of laboratory test results

(confirmed antibody test or positive RNA or genotype test) or nota-

tion of an HCV diagnosis in a participant's medical record.

2.2 | Inclusion criteria for analysis

As of December 2015, a total of 6891 participants had enrolled in the

OCS. We restricted the analyses to participants who had at least

linked 1 HIV viral load test and were enrolled in the OCS between

2000 and 2015 (1731 removed) so that any HCV testing with the

PHOL would be captured. Accumulation of study time began at
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baseline, which we defined as the later of January 1, 2000, the date of

first HIV viral load test or the date of the first OCS visit. Because we

were interested in HCV testing patterns among people in HIV care

who were not yet known to have HCV, we excluded those who had

been diagnosed or tested positive for HCV prior to baseline

(574 removed) based on either HCV diagnosis dates on medical

records or positive HCV antibody, RNA, or genotype tests (remaining

analytic sample, n = 4586). Additional restrictions for specific analyses

are described below and summarized in Table S1. All statistical ana-

lyses were conducted with Stata v13 (College Station, TX) 9 and we

used a complete case analysis strategy to handle missing data.

2.3 | Covariates

Temporal trends were assessed per calendar year with a linear spline

knot at 2011, when DAAs were approved by Health Canada (ie, pre-

DAA era = 2000-2010 vs DAA era = 2011-2015). Any history of

injection drug use (IDU), included as a dichotomous measure, was

based on participants' HIV exposure category or any self-reported

IDU in annual questionnaires, which inquired about any non-medicinal

IDU prior to HIV diagnosis or in the past 6 months. For a subanalysis,

recent IDU, referring to IDU in the past 6 months, was available as a

binary time-varying variable only among a subset of participants who

completed annual questionnaires after 2008.

Self-reported binary variables were used for sex and MSM. Eth-

nicity was categorized as white, black, Aboriginal/indigenous, other,

or unknown. Based on previous analyses of HCV seroconversion

among MSM in the OCS,10 we considered having ever had syphilis as

a proxy measure of high-risk sexual behavior for HCV acquisition; this

was defined as a dichotomous record of any reactive syphilis test

result. We analyzed age and HIV duration by decade, where the latter

was based on an estimated date of HIV diagnosis. To account for any

sociodemographic differences, we used dichotomous variables to clas-

sify education into “any postsecondary” vs “high school or less” based
on the last reported education level and whether urban-dwelling or

not (rural, out-of-province, or unknown) based on residential postal

codes.

2.4 | Statistical analysis

2.4.1 | Ever testing

Descriptive analyses: We defined “ever testers” as those with at least

one HCV test (serological or RNA) from all dates available and used

descriptive statistics to characterize participants overall in the analytic

sample (n = 4586 individuals) or by specific HCV exposure groups,

defined by history of IDU and possible sexual transmission.

Testing rate in HIV care by DAA era: We calculated the annualized

rate of having ever had an HCV test (serological or RNA), that is, the

cumulative incidence of having ever tested for HCV in each year. To

do so, we restricted analytic time to years under OCS follow-up. We

excluded participants who had an HCV test prior to baseline (1563

removed) or who had missing HCV test dates (six removed) for an

analytic sample of 3017 individuals. Follow-up ended at the date of

the first HCV test or was censored at the last viral load test, last OCS

visit, last date of OCS site data collection, or December 31, 2015,

whichever was earliest. To test the effect of DAA approval on time to

first HCV test under HIV care, we used Cox regression with robust

standard errors, where DAA era was included as a time-varying covar-

iate. Using the Stata command -estat phtest-, we tested the propor-

tional hazards assumption based on Schoenfeld residuals. To address

left truncation, we conducted a sensitivity analysis incorporating del-

ayed entry (year of first HIV viral load test) and year of HIV diagnosis

as the origin in a subsample including only those who tested for HCV

prior to baseline and without restricting to OCS follow-up (n = 5568).

2.4.2 | Annual serological testing for HCV

Among the analytic sample of 4586 individuals (39 337 person-years),

we calculated annual proportions of serological testing as the number

of people with at least 1 HCV serological test in the calendar year that

they also had a viral load test (“annual testers”) in the overall popula-

tion as well as by HCV exposure groups, defined by history of any

IDU. Follow-up ended at the earlier date of December 31, 2015, last

viral load test, last OCS visit, last date of OCS site data collection or,

for those who eventually tested positive for HCV, the date of their

first HCV-positive test (serologic, RNA, or genotyping test). We identi-

fied correlates of annual testing using modified Poisson regression in

a generalized estimating equations 10 framework with robust standard

errors to account for repeated observations per person. Covariates

were selected a priori and included in the final model if statistically

significant (P < 0.05). Recent IDU, which was available only for a sub-

set of participants who completed annual questionnaires after 2008,

was used in a subanalysis.

2.4.3 | Number of serological tests per year

We used descriptive statistics and the nonparametric Wilcoxon signed

rank tests for paired data to quantify and test for differences in num-

ber of HCV antibody tests per year by DAA era and transmission risk

due to IDU or sexual contact. Follow-up time was defined as above

for annual serological testing.

2.4.4 | HCV diagnoses

Diagnosis was based on either laboratory tests (confirmed antibody

test or positive RNA or genotype test) or medical records. Among par-

ticipants whose HCV status was unknown or HCV-negative at base-

line, we calculated (1) the cumulative incidence of an HCV diagnosis

and (2) the annual proportion diagnosed with HCV among all partici-

pants who were under observation and had a viral load test that year,
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whether or not they had an HCV test that year. Follow-up ended at

the HCV diagnosis date or was censored at the last viral load test, last

OCS visit, last date of OCS site data collection, or December

31, 2015, whichever was earlier.

3 | RESULTS

A total of 4586 participants were followed for a median of 9 years

(interquartile range 4-12 years; total 39 337 person-years). The major-

ity were male (84%), white (63%), living in urban settings (88%), and

classified as MSM (64%) (Table 1). At baseline, 7.8% had a history of

IDU; at follow-up, 2.8% reported ongoing IDU, such that 11% had

ever injected drugs by the end of follow-up. At baseline, the median

CD4 count was >350 cells and 72% were taking antiretroviral therapy

(ART). By the end of follow-up, 95% had initiated ART.

3.1 | Ever testing for HCV

At baseline, 34.1% (1563/4586) had a record of having had an

HCV test. By the end of follow-up, most (92.2%, 4227/4586) had

tested at least once (“ever testers”); of the 3839 with complete first

HCV test date records, 96.9% (3723/3839) had an antibody test

only, 1.1% (41/3839) had an RNA test only, and 2.0% (75/3839) had

both. The median time from HIV diagnosis and the first HCV test

was 2 years (IQR 0-9), with many (32.4%) testing for HCV in the

same year of their HIV diagnosis. The proportion ever tested was

highest among those with any report of IDU (97.1%, 472/486) and

lowest among non-MSM males with no history of IDU (90.2%,

514/570).

Of the 359 individuals who had no record of HCV testing, 4%

reported any IDU and almost a quarter (22%) remained under follow-

up. On average at baseline, they were older than ever testers (43 vs

40) and had been living with HIV longer (7.5 vs 5.3 years).

3.2 | HCV testing while in HIV care

Among the 2593 participants whose first HCV test occurred while

under OCS follow-up, the annualized rate of having ever had an HCV

test was 70% higher after DAA approval (2011-2015) compared to

the pre-DAA era (2000-2010) (hazard rate ratio 1.70, 95% CI 1.59,

1.81). Proportional hazards assumptions held (P > 0.05). Results from

the sensitivity analysis to address left truncation were similar (rate

ratio = 1.16, 95% CI 1.06, 1.27). Prior to DAA approval, there were

28.5 HCV tests per 100 person-years (95% CI 27.4, 29.8). After DAA

approval, there were 46.6 HCV tests per 100 person-years (95% CI

42.2, 51.3). After DAA approval, the mean time from HIV diagnosis to

the first HCV test was also shorter compared to the pre-DAA era

(4.2 years vs 5.9 years, respectively), with 67.7% testing within 1 year

of HIV diagnosis in the DAA era.

3.3 | Annual HCV serological testing

The annual proportion tested rose from 9.2% (95% CI 8.0%, 10.7%) in

2000 to a high of 39.1% (95% CI 37.1%, 41.1%) in 2015 (linear test of

trend, P < 0.0001) (Figure 1). Testing increased by 18% per year post-

DAA, compared to 2% annual increases from 2000 to 2010 (Table 2).

Results were similar when time was modeled using linear splines with

knots at 2006 and 2011, cubic restricted spline, or a quadratic term

(data not shown). In almost every calendar year, testing was most

common among those with any history of IDU. The highest propor-

tion was observed in 2015 among those who reported recent IDU

(57.7%, 95% CI 36.9%-76.6%).

TABLE 1 Baselinea characteristics of included participants from
the Ontario HIV Treatment Network Cohort Study (OCS), n = 4586

Study sample, N = 4586b

Sex

Female 724 (15.8)

Male 3859 (84.2)

Age, years 40 (34-47)

Any injection drug usec 359 (7.8)

HIV exposure category

MSM 2930 (63.9)

MSM-PWID 185 (4.0)

PWID 174 (3.8)

Heterosexual 559 (12.2)

Otherd 738 (16.0)

Ethnicity/race

White 2891 (63.0)

Black 722 (15.7)

Aboriginal/Indigenous 332 (7.2)

Other/Unknown 641 (14.0)

Region of residence

Urban 4039 (88.1)

Rural/out of province/unknown 547 (11.9)

Year of HIV diagnosis 1998 (1992-2005)

CD4 Cell Count/mm3 390 (235-564)

Undetectable VL (≤50 copies) 1271 (27.7)

Initiated or on ART 3278 (71.5)

Abbreviations: MSM, men who have sex with men; MSM-PWID, men who

have sex with men and who inject drugs; PWID, people who inject drugs;

VL, viral load; ART, antiretroviral therapy.

Note: Presented as n (%) or Median (Interquartile Range).
aBaseline = later of January 1, 2000 or first viral load test or first OCS visit
bSize of study sample for other outcomes differed. See Table S1 and main

text for details.
cSelf-reported or listed as HIV exposure category at baseline. By end of

follow-up, 486 (10.6%) individuals had ever reported injection drug use.
d“Other” includes: clotting factor (0.8%), transfusion (1.1%), HIV-endemic

country (10.5%), mother-to-child transmission (0.3%), occupational

(0.02%), nonidentified risk (3.4%).
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Among those with no IDU history, on average, non-MSM males

and females were equally likely to test (16.5% and 18.4% per year,

respectively) compared to MSM. Testing proportions did not differ sta-

tistically by sex or ethnicity after taking sexual or IDU risk factors into

account (Table 2). Annual testing was more common among MSM or

those who were ever diagnosed with syphilis or who reported any or

recent IDU (adjusted proportion ratio [95% CI] in the subanalysis, 1.41

[1.22, 1.63]). Annual HCV testing was more common among urban-

dwellers and those with more education, but less common among older

participants and those who had been living with HIV for a longer period

of time. Results did not vary when study sites were included as categor-

ical variables (results not shown).

3.4 | Frequency of HCV serological testing

Among the 4227 individuals who had ever tested for HCV (serological

or RNA), 3598 individuals had at least 1 antibody test over follow-up.

From 2000 to 2015, there were 11 077 HCV antibody tests among

3598 participants, for an average of 1.27 serological tests/person-

year; this was 4.8% higher (P < 0.05) in the DAA era compared to the

pre-DAA era (1.30 tests per year vs 1.24 tests per year, respectively).

Among those at highest risk, we also observed increases in the mean

number of annual serological tests following DAA approval. Among

those with any history of IDU, the mean increased from 1.36 tests per

year in 2000-2010 to 1.49 tests per year in 2011-2015 (9.6% rise),

while among MSM with no history of IDU who had ever tested

positive for syphilis, the average increased from 1.35 to 1.42 tests

per year (5.2% increase). For groups considered “low-risk,” such as

non-MSM males and females with no history of IDU, the mean num-

ber of annual serological tests changed slightly or not at all after DAA

approval (0% and 4.1% increase, respectively).

F IGURE 1 Annual proportion tested for Hepatitis C virus (HCV)
antibodies in the OHTN Cohort Study by calendar year and HCV
exposure group, 2000 to 2015. Note. Reference line: year 2011 when

direct acting antivirals (DAAs) approved by Health Canada. Follow-up
ended at the earlier date of December 31, 2015, last viral load test,
last OCS visit, last date of OCS site data collection or HCV diagnosis
or first HCV-positive test (either HCV-antibody or RNA positive or
record of any HCV genotype test). MSM, men who have sex with
men; IDU, injection drug use; HCV, Hepatitis C virus; DAA, direct-
acting antivirals; OHTN, Ontario HIV Treatment Network

TABLE 2 Selected correlates of annual testing for Hepatitis C
virus (HCV) antibodies from included HIV-positive participants in the
OHTN Cohort Study, 2000 to 2015: results from generalized
estimating equations10

Unadjusted

proportion ratio
(95% CI)

Adjusted

proportion ratio
(95% CI)

Each additional

calendar yeara

Pre-DAA

(2000-2011)

1.00 (1.00, 1.01) 1.02 (1.01, 1.02)

Post-DAA

(2012-2015)

1.16 (1.14, 1.18) 1.18 (1.16, 1.20)

Any injection drug use

No Referent Referent

Yes 1.68 (1.55, 1.82) 1.42 (1.32, 1.53)

MSM

Non-MSM Referent Referent

MSM 1.25 (1.18, 1.33) 1.22 (1.13, 1.33)

Ever positive syphilis

test

No Referent Referent

Yes 1.31 (1.23, 1.39) 1.16 (1.09, 1.23)

Age, by decade 0.89 (0.87, 0.91) 0.90 (0.88, 0.93)

Sex

Female Referent Referent

Male 1.19 (1.10, 1.28) 1.00 (0.91, 1.10)

Ethnicity/race

White Referent Referent

Black 0.96 (0.89, 1.04) 0.96 (0.89, 1.04)

Aboriginal/

Indigenous

1.13 (1.02, 1.25) 1.04 (0.94, 1.14)

Other/Unknown 1.10 (1.02, 1.19) 1.03 (0.96, 1.11)

Region

Rural/out of

province/

unknown

Referent Referent

Urban 1.28 (1.16, 1.42) 1.05 (0.95, 1.15)

Education

High school or less Referent Referent

Post secondary 1.13 (1.06, 1.20) 1.07 (1.00, 1.13)

Duration of HIV, by

decade

0.86 (0.82, 0.89) 0.81 (0.77, 0.84)

Abbreviations: DAA, direct-acting antivirals; CI, confidence interval; MSM,

men who have sex with men; OHTN, Ontario HIV Treatment Network.
aCalendar time was modeled as a linear spline with a knot at 2011.

Increase per calendar year was 16% higher in the post-DAA era compared

to pre-DAA approval. Results similar when calendar time modeled

differently (quadratic term or cubic spline).
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3.5 | HCV diagnosis

While under follow-up, 6.7% (305/4586) were diagnosed with HCV;

this represented 8.5% (305/3598) of participants who had at least

one HCV serological test over follow-up. Among the 255 males diag-

nosed with HCV, 51.8% (132/255) reported a history of IDU; of those

with no history of IDU, 74.0% (91/123) reported having sex with men

but the remainder (26.0%, 32/123) did not. Among the 50 females

diagnosed with HCV, 70.0% (35/50) reported a history of IDU but the

remainder (30.0%, 15/50) did not. Unlike the annual proportion

tested, the annual proportion diagnosed with HCV declined sharply

from 1.8% (1.2%, 2.5%) in 2000 to 0.5% (0.2%, 0.8%) in 2010 and

then more slowly to 0.4% (0.2%, 0.7%) by 2015 (Figure S1). In those

with any IDU, the diagnosis rate dropped steeply and then more

slowly; in the other subgroups, the HCV diagnosis rate stabilized after

DAAs were approved in 2011 (Figure 2).

4 | DISCUSSION

Among people engaged in HIV clinical care in Ontario, Canada, most

had been tested for HCV at least once by 2015, with annual HCV

testing proportions rising from 9.2% in 2000 to 39.1% by 2015. Fol-

lowing DAA approval in 2011, participants were both more likely to

have ever tested and more likely to have tested within the past year.

While the time between HIV diagnosis and the first HCV test was

shorter after DAA approval, 32.3% tested in the DAA era did so more

than 1 year after HIV diagnosis, presenting a significant gap as HCV

acquisition can occur quickly (median time 1.25 years or 15 months)

among those living with HIV.11 Reflecting earlier risk-based testing

guidelines in Canada and consistent with our hypotheses, annual test-

ing was most common after DAA approval and in those at highest risk

of acquiring or transmitting HCV either sexually or via IDU.

Since 2013, North American guidelines12 recommend annual

HCV testing of HIV-positive MSM and people actively injecting drugs.

While these subgroups exhibited the highest improvements in testing

over time in our study, only one-third to half of those groups had

tested annually by 2015. There are public health benefits if higher

testing coverage among key subgroups leads to greater HCV treat-

ment uptake and cure. Higher HCV prevalence (41.2% among those

with any IDU in our study population) and denser drug-using net-

works can lead to faster HCV transmission, re-infection and persis-

tence. A mathematical modeling study by Scott et al13 predicted that

in medium-prevalence settings (50% HCV sero-prevalence among

people who inject drugs, PWID), testing frequency and coverage had

the greatest impact in reaching the WHO elimination target of 80%

lower HCV incidence by 2030. The authors report that annual testing

may be sufficient for elimination but only if coverage is 80% or higher.

Otherwise, 6-monthly testing coupled with higher retention in care

(>60% retention of antibody-positive patients) would be required.

In our study population, no subgroup had such high levels of annual

testing coverage, though the subset of individuals reporting recent

IDU came close in 2015 (57.7%, 95% CI 36.9%-76.6%). Only 14.6% of

participants reporting any IDU had more than 1 test per year.

Targeted interventions to boost testing and care engagement

may therefore be an effective tool to reach elimination goals, focus-

ing on those with a history of IDU and sexual risk factors, with care

taken to ensure equity in access. For example, we observed

that annual testing was less common among older individuals in

rural areas. Testing gaps in this population may have greater

consequences at an individual, rather than public health, level;

undiagnosed HCV in this group may lead to missed treatment oppor-

tunities and worse liver disease, for example, rather than engage-

ment in ongoing transmission networks.

The drop in HCV diagnosis between 2000 and 2010 likely

reflected changes in HCV treatment guidelines and uptake (pegylated

interferon-ribavirin was approved for HIV-HCV co-infected patients

in 2003-200414) and is consistent with declining or stabilizing HCV

incidence in the general population and subpopulations in Canada. In

the Ontario general population,15 there was evidence of steeper

declines of reported HCV cases between 2005 and 2009 with possi-

ble stabilization between 2010 and 2014.16 In specific subpopulations

in the OCS, such as HIV-positive MSM with no history of IDU, there

was also no evidence for a temporal trend in HCV incidence between

2000 and 2010.10 Among PWID in British Columbia,17,18 HCV inci-

dence has been declining since 2000 due to changes in harm-

reduction and drug-using practices.

F IGURE 2 Annual proportion diagnoseda with Hepatitis C virus
(HCV) among included participants in the OHTN Cohort Study by
calendar year and HCV exposure group, 2000 to 2015. Note.
Reference line: year 2011 when direct acting antivirals (DAAs)
approved by Health Canada. a Diagnosis based on either laboratory
tests (confirmed antibody test or positive RNA or genotype test) or
medical records. Denominator includes all participants who were
enrolled in the OCS and had a viral load test that year, whether or not
they had an HCV test that year. Follow-up ended at the earlier date

of December 31, 2015, last viral load test, last OCS visit, last date of
OCS site data collection or HCV diagnosis or first HCV-positive test
(either HCV-antibody or RNA positive or record of any HCV genotype
test). MSM, men who have sex with men; IDU: injection drug use;
HCV, Hepatitis C virus; DAA, direct-acting antivirals; OHTN, Ontario
HIV Treatment Network
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There were limitations to our study. We may have under-

ascertained serologic HCV testing as this may have been carried out

at private laboratories and would not be on record at the provincial

public health laboratory (in the OCS, 35.6% of all HCV antibody tests

and 100% of confirmatory tests was conducted by the PHOL). Such

under-ascertainment would produce underestimates of having ever

tested and annual testing rates but would not vary by subgroups of

interest (ie, nondifferential). Nevertheless, the public health laboratory

conducts all confirmatory HCV testing, meaning that our approach

should have captured all positive HCV antibody tests. Although the

OCS is broadly representative of people in HIV care in Ontario, youn-

ger individuals and those who have recently acquired HIV are under-

represented 19 or those not in HIV care. Our results may be

generalizable to other high-income settings with universal health care.

In conclusion, our findings indicate that over time, annual HCV

testing increased among individuals engaged in HIV care in Ontario,

especially after DAA approval in 2011. While annual testing was

higher in those with sexual or behavioral risk factors such as IDU, only

about one-third to half of HIV-positive MSM and those who inject

drugs had an HCV test in 2015. This is well below North American

guidelines that recommend annual retesting of HIV-positive MSM and

active injection drug users and below testing coverage and frequen-

cies needed to reach WHO elimination goals by 2030. For PWID, the

subgroup most affected by HCV, targeted interventions to boost test-

ing and care engagement for those who report recent IDU may be

required to meet WHO elimination targets by 2030.
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