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Objectives
Hepatitis C virus (HCV) has emerged as an important health problem in the era of effective HIV
treatment. However, very few data exist on the health status and disease burden of
HIV/HCV-coinfected Canadians.

Methods
HIV/HCV-coinfected patients were enrolled prospectively in a multicentre cohort from 16 centres
across Canada between 2003 and 2010 and followed every 6 months. We determined rates of a
first liver fibrosis or endstage liver disease (ESLD) event and all-cause mortality since cohort
enrolment and calculated standardized mortality ratios compared with the general Canadian
population.

Results
A total of 955 participants were enrolled in the study and followed for a median of 1.4
(interquartile range 0.5–2.3) years. Most were male (73%) with a median age of 44.5 years; 13%
self-identified as aboriginal. There were high levels of current injecting drug and alcohol use
and poverty. Observed event rates [per 100 person-years; 95% confidence interval (CI)] were:
significant fibrosis (10.21; 8.49, 12.19), ESLD (3.16; 2.32, 4.20) and death (3.72; 2.86, 4.77). The
overall standardized mortality ratio was 17.08 (95% CI 12.83, 21.34); 12.80 (95% CI 9.10, 16.50)
for male patients and 28.74 (95% CI 14.66, 42.83) for female patients. The primary causes of
death were ESLD (29%) and overdose (24%).
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Conclusions
We observed excessive morbidity and mortality in this HIV/HCV-coinfected population in care.
Over 50% of observed deaths may have been preventable. Interventions aimed at improving
social circumstances, reducing harm from drug and alcohol use and increasing the delivery of
HCV treatment in particular will be necessary to reduce adverse health outcomes among
HIV/HCV-coinfected persons.
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Introduction

In developed countries such as Canada, HIV infection
has evolved from a uniformly deadly disease to become
chronic and manageable as a result of effective antiretro-
viral therapies (ARTs) [1,2]. As fewer patients experience
HIV-related morbidity and mortality, comorbidities and
their associated consequences have consequently emerged
as primary health concerns and are increasingly driving
healthcare utilization and costs [3,4]. Coinfection with
hepatitis C virus (HCV) is among the most important of
these comorbidities. As a consequence of shared routes of
transmission, over 30% of HIV-infected individuals are
coinfected with HCV, with approximately 10 million dually
infected [5] world-wide and an estimated 13 000–15 000
dually infected of the 65 000 HIV-infected persons in
Canada [6]. The natural course of HCV infection is accel-
erated in HIV-coinfected individuals, with faster progres-
sion of liver fibrosis leading to a higher risk of cirrhosis,
endstage liver diseases (ESLDs), and hepatocellular carci-
noma [7,8]. Despite the potential burden of this important
comorbidity, very few data exist on the health status of
Canadians coinfected with HIV and HCV, disease progres-
sion rates, and the factors that are associated with adverse
outcomes in this population. Indeed, good estimates of
liver disease progression rates among coinfected persons in
general are lacking in the recent ART era.

The Canadian Co-infection Cohort Study (CCC) was
established to determine the effect of ART and HCV treat-
ment on the progression to ESLD in HCV/HIV-coinfected
individuals. The cohort provides a unique opportunity to
evaluate the health status of coinfected patients receiving
care and to assess regional variations in sociodemographic
and clinical characteristics, as well as to document health
outcomes in this population. Such information will be
essential for developing and targeting therapeutic inter-
ventions and to meet the challenge of providing effective
medical care to the growing number of persons living with
HIV and HCV coinfection, not only in Canada, but in
developed countries which are similarly facing epidemics
of HIV/HCV coinfection.

Methods

Study design, population and setting

The CCC (CTN222) is a prospective multicentre study recruit-
ing coinfected patients from existing HIV clinic populations
at 16 centres across five Canadian provinces (Fig. 1). The
cohort was initiated in 2003 in Montreal, Quebec, and then
was expanded to other urban and semi-urban centres in
2007. As of October 2010, 955 patients were enrolled. Details
on the cohort design and protocol are reported elsewhere [9].
Eligible patients were adults aged over 16 years with docu-
mented HIV infection [enzyme-linked immunosorbent assay
(ELISA) with western blot confirmation] and with chronic
HCV infection or evidence of HCV exposure (e.g. HCV-
seropositive by ELISA with recombinant immunoblot assay
version II (RIBA II) or encoded antigen/enzyme immuno
assay (EIA) confirmation, and/or HCV RNA positive). All
potentially eligible patients were invited to participate to
avoid selection bias. Patients who initially refused were
eligible to enrol in future. The study was approved by the
community advisory committee of the Canadian Institutes
of Health Research (CIHR)-Canadian HIV Trials Network and
by all institutional ethics boards of participating centres.
Patients received $15 per visit to compensate for out-of-
pocket expenses.

Data collection and definitions

After providing informed consent, each participant under-
went an initial evaluation followed by study visits approxi-
mately every 6 months. Sociodemographic, behavioural,
medical and treatment data were collected using a stand-
ardized questionnaire in either English or French. Question-
naires were self-completed or completed with the assistance
of a research assistant/nurse. Standard instruments were
used to measure quality of life (EQ-5D™) [10]. Additionally,
charts were abstracted by research personnel to obtain
historical data such as nadir CD4 T-cell count, HIV RNA and
all prior HIV and HCV treatment histories and diagnoses.
Treatment and diagnostic data were updated by research
personnel at each follow-up visit. At baseline and each

HIV and HCV coinfection in Canada 11

© 2012 British HIV Association HIV Medicine (2013), 14, 10–20



subsequent visit, laboratory assessments were performed,
including complete blood count, serum chemistry, liver
profile, plasma HIV RNA, absolute and relative CD4 lym-
phocyte counts and plasma HCV RNA. The duration of HCV
infection was determined using the date of HCV serocon-
version, if known, or the year of first injecting drug use
(IDU) or blood product exposure as a proxy of HCV infec-
tion [11]. ART was defined as taking at least three antiret-
rovirals concurrently.

Outcome measures

AIDS diagnoses were defined according to the Centers for
Disease Control and Prevention classification (e.g. not by
CD4 cell criteria alone) [12]. The aspartate aminotrans-
ferase (AST) to platelet ratio index (APRI) was used as a
noninvasive surrogate for liver fibrosis and defined as: 100
¥ (AST/upper limit of normal)/platelet count (109/L) [13,14].
An APRI score > 1.5 was considered to indicate significant
fibrosis (corresponding to a biopsy score > F2) [14]. ESLD
included liver cirrhosis, ascites, hepatic encephalopathy,
bleeding oesophageal varices, spontaneous bacterial peri-
tonitis and hepatocellular carcinoma. Clinical endpoints of
ESLD were verified against source documents using spe-
cific case report forms and reviewed centrally. Case report
forms solicited detailed information on means by which
diagnoses were obtained (e.g. radiological, endoscopic,
electroencephalogram (EEG), laboratory and liver biopsy
results) and their associated findings. We employed defi-

nitions for diagnoses similar to those described by Lo Re
et al. [15] All reported deaths were verified and classified
following the ‘Coding of Death in HIV’ (CoDe) system
(www.cphiv.dk/CoDe/tabid/55/Default.aspx). Each time a
participant was reported to have died, sites completed a
detailed case report form which included all information
related to the death (including death certificate informa-
tion, autopsy reports if available and clinical diagnoses and
events immediately preceding the death, including specific
information related to ESLD). Linkage to provincial vital
statistics reports (death certificates) was performed in
British Columbia, Alberta and Quebec and used to supple-
ment data obtained in the case report forms and to deter-
mine if any participants who had been lost to follow-up
had died. Primary and secondary causes of death were
collected using International Classification of Diseases,
Ninth Revision (ICD-9) codes. The final determination of
cause of death was made independently by two investiga-
tors (MBK and MP) and in the cases (n = 2) where there
were discrepancies, resolved by a third investigator (JC).

Statistical analysis

We compared baseline characteristics of participants
between each province using the Kruskal–Wallis test for
continuous variables and Pearson’s c2 or Fisher exact test
for categorical variables where appropriate. All tests were
two-tailed and with a significance level of a = 0.05.

Fig. 1 Geographical distribution of centres participating in the Canadian Co-infection Cohort Study.
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We estimated the rate of health outcomes (fibrosis, ESLD,
AIDS and all-cause death) since cohort enrolment by divid-
ing the number of participants developing the event for the
first time by the number of person-years at risk. Poisson
count models were used to calculate confidence intervals
(CIs) for incidence rates. The Kaplan–Meier survival
method was used to obtain cumulative incidences of the
various health outcomes. Standardized mortality ratios
were calculated using the indirect method of standardiza-
tion by sex and age group for each province; the compari-
son group was the general population of each province
for 2007. Comparative data were obtained through the
Canadian Human Mortality Database [16]. Analyses were
performed using R program for Windows Release 2.11.1
(R cran, Auckland, New Zealand).

Results

A total of 955 participants were enrolled and followed for a
median of 1.4 years [interquartile range (IQR) 0.5–2.3
years]; 175 had only one baseline visit, of whom 66 were
enrolled within 6 months of the analyses. Of those with
more than one visit, 9% were lost to follow-up. Baseline
demographic characteristics of the study population by
province are shown in Table 1. The majority of participants
were male (73%) with a median age of 44.5 years (IQR
39.5–49.6 years). One hundred and twenty persons (13%)
self-identified as being of aboriginal ethnicity (First Nations
or Metis). The proportion of aboriginal participants varied
regionally and was much higher in British Columbia (33%),
Alberta (21%) and Ontario (14%) compared with Quebec
(1.5%). Aboriginals were more likely to be female compared
with non-aboriginals (52% vs. 22%, respectively; P <
0.001). Most participants were living below the poverty line
(76% with a gross monthly income < CDN$1500) and only
13% had achieved greater than high school education.
Participants living in British Columbia and Quebec were the
most socially disadvantaged. Overall, 458 (57%) had been
previously incarcerated (78% of aboriginals vs. 53% of
non-aboriginals; P < 0.001), 422 (44%) reported a psychi-
atric diagnosis, 25 (3%) were homeless and 67 (7%) lived in
shelters at cohort entry. There were very high rates of past
and current (past 6 months) substance use among partici-
pants, with 81% reporting a history of IDU (38% were
currently injecting; 23% sharing needles); 50% were
current alcohol drinkers (31% reported binge/hazardous
drinking, defined as >6 drinks/day) and 77% currently
smoked cigarettes.

Clinical characteristics

Baseline clinical characteristics are shown in Table 2. The
majority of participants were receiving ART (82%), of

whom 71% had an undetectable HIV RNA with a median
CD4 cell count of 364 cells/mL (IQR 230, 530 cells/mL).
The median CD4 cell count of those not on ART was
373 cells/mL (IQR 259, 550 cells/mL).

One hundred and thirteen participants (12%) were HCV
RNA negative without having received prior treatment for
HCV, indicating spontaneous clearance of their infection.
One hundred and fifty-eight (17%) had received treatment
for HCV prior to cohort entry. Of the remaining 797 patients
never treated for HCV, 102 (13%) initiated treatment during
follow-up (6.6/100 person-years; 95% CI 5.3 to 7.9). Thus,
70% of the cohort had never received HCV treatment.

Morbidity and mortality

Table 3 shows the incidence rates for health outcomes
among participants since enrolment in the cohort. The
cumulative incidences of liver fibrosis, ESLD, AIDS and
death are shown in Figure 2. None of the participants with
ESLD underwent liver transplantation. Death rates in the
cohort were much higher than overall Canadian population
death rates at all ages; see Figure 3. The overall standard-
ized mortality ratio was 17.08 (95% CI 12.83, 21.34); the
estimates were 12.80 (95% CI 9.10, 16.50) for male patients
and 28.74 (95% CI 14.66, 42.83) for female patients. Causes
of death were: ESLD (n = 18; 29%), drug overdose (n = 15;
24%), cancer (n = 6; 10%), AIDS-defining illnesses (5%),
and others (18%) including trauma, respiratory failure,
bacterial infection and septic shock. The cause for the
remaining 11 could not be determined.

Discussion

The CCC comprises nearly 10% of the estimated number of
HIV/HCV-coinfected persons in Canada. Good estimates for
the number of coinfected persons actually accessing care
are not available. The only available data relate to the
Province of Ontario, where approximately 65% of persons
diagnosed with HIV have accessed care at least once
(defined as having at least one HIV viral load measurement
after diagnosis), whereas only 51% can be said to be in
regular medical follow-up [17]. Thus, the 955 cohort par-
ticipants probably represent close to 20% of all coinfected
patients receiving treatment in Canada.

We have provided a comprehensive picture of the
extent of vulnerabilities that present challenges to effective
care and prevention of serious morbidity and mortality in
this population. There are extremely high rates of social
instability, poverty, mental illness and alcohol and drug use.
Aboriginals are disproportionately represented in our
cohort. Whereas they comprised 3.8% of the Canadian
population in 2006 and 8% of prevalent HIV infections [18],
15% of our cohort overall and 33% in British Columbia
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self-identified as aboriginal and a very high proportion of
these were women (62%).

The impact of these combined vulnerabilities on the
health of the coinfected population appears to be appreci-
able. Despite 82% of participants in the cohort receiving
ART, only 71% were virologically suppressed. Another 6%
had interrupted treatment at baseline. While these results
are not dissimilar from those of other studies in IDU popu-

lations, these viral suppression rates are lower than those
reported generally in HIV-infected persons [19–21].
Together, our results highlight that a significant proportion
of participants have difficulty with treatment adherence
and consequently are at risk for developing viral resistance
and experiencing HIV-related disease progression. Indeed,
the rate of AIDS was very high, at twice the reported rate
in a US HIV-infected population for the period 2003–2007

Table 3 Rates of health outcomes among HIV/hepatitis C virus (HCV)-coinfected patients since cohort entry

n (%) Denominator* Rate per 100 PY (95% CI)

Progression to significant fibrosis (APRI � 1.5) 123 (15.91%) 773 10.27 (8.45 to 12.08)
ESLD 47 (5.45%) 863 3.14 (2.24 to 4.04)
AIDS 26 (3.95%) 658 2.24 (1.38 to 3.09)
Deaths

Overall 62 (6.49%) 955 3.73 (2.80 to 4.66)
Female 16 (6.37%) 251 4.16 (2.12 to 6.20)
Male 46 (6.62%) 695 3.59 (2.56 to 4.63)

CI, confidence interval; ESLD, end-stage liver disease; APRI, aspartate aminotransferase to platelet ratio; PY, person-years.
*Participants without outcome of interest at baseline.

Numbers of patients followed

955 489 217 98 66 44 27 7

Numbers of First APRI≥ 1.5 Events

216 58 16 4 6 3 1 1

Numbers of patients followed

955 774 573 288 144 113 78 41

Numbers of Deaths

0 35 12 7 1 5 2 0

Numbers of patients followed

658 530 402 199 100 78 49 28

Numbers of First AIDS Events

0 7 10 4 0 1 0 4

Numbers of patients followed

863 700 503 244 124 96 67 36

Numbers of First ESLD Events

0 24 16 3 1 1 1 1
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Fig. 2 The cumulative incidences of a first liver fibrosis, endstage liver disease or AIDS event and time to all-cause death among participants in the
Canadian Co-infection Cohort Study since enrolment. (a) First aspartate aminotransferase to platelet ratio index (APRI) � 1.5; (b) first endstage liver
disease (ESLD) event; (c) first AIDS event; (d) death.
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[22]. Incomplete HIV suppression may also have implica-
tions for HIV transmission, especially given the high per-
centage of participants that report sharing injection
equipment and risky sexual behaviours. Finally, treatment
interruptions have also been associated with increased risk
for non-AIDS-related adverse outcomes, including liver
disease progression and death, particularly among coin-
fected persons [23,24].

HCV infection is a chronic infection which if left
untreated follows a slow clinical course progressing to
ESLD and hepatocellular carcinoma [25]. HIV increases
chronicity and accelerates the natural history of HCV
[7,26]. This impact is mirrored in our cohort: the median
age of the population and time since HCV infection suggest
that we are poised for a peak of chronic liver disease and
its consequences. Indeed, at baseline many participants
already had significant fibrosis and ESLD. Even over the
short duration of follow-up, we observed very high pro-
gression rates of fibrosis and the occurrence of clinical
ESLD events; rates approximately six times higher than
those reported in HCV-monoinfected populations infected
for a similar duration (0.53/100 person-years), though
similar to rates reported among HIV/HCV-coinfected
persons in other studies (2.63/100 person-years) [27].
Indeed, ESLD has emerged as the primary cause of death
among cohort participants.

There is mounting and consistent evidence that success-
ful treatment for HCV infection is the most effective means
of preventing liver-related outcomes in coinfection [28].
Despite this, uptake of HCV treatment was low, with 70% of
the cohort remaining untreated. While low, this treatment
rate is consistent with those reported in the literature

[29,30]. Numerous barriers to accessing HCV treatment
have been described, including active drug use, poor
adherence, and psychiatric and other medical comorbidities
[31], all of which were present at high levels among cohort
participants. Furthermore, HCV treatment itself is complex
and associated with a number of important toxicities
that limit its acceptance and impact successful treatment
completion [32].

Finally, we observed very high rates mortality, particu-
larly secondary to ESLD and drug overdose. Indeed, over
50% of deaths observed were attributable to these poten-
tially preventable causes. Standardized mortality rates were
particularly high among women, who were nearly 30 times
more likely to die than Canadian women of the same age in
the general population. In part this may be attributable to
lower death rates among young and middle-aged women
in the general population compared with men. Other poten-
tial reasons may include the over-representation of abo-
riginals and high levels of current IDU among women
enrolled in the cohort. Although small numbers and the
lack of standardized data available for aboriginals pre-
cluded obtaining standardized mortality ratios adjusted for
ethnicity, it is notable that the death rates and standardized
mortality ratios we observed for the coinfected population
also far exceed reported age-adjusted death rates among
aboriginals and Metis in Canada (e.g. standardized mortal-
ity ratios of 1.38 for men and 1.72 for women, for 1999–
2001) [33].

Overall, mortality rates were high even when compared
with other similar populations. For example, among HIV-
infected patients starting ART in 13 cohorts in Europe, the
USA and Canada, the overall crude death rate was 0.95/100
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Source for Canadian population data: Canadian Human Mortality Database [14].
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person-years with a standardized mortality ratio of 3.36
(95% CI 3.16–3.56) [34]. In the subgroup of IDUs, mortality
was higher, at 1.95/100 person-years, although still almost
two-fold lower than what we observed.

There is clearly an urgent need to address these poten-
tially preventable causes of morbidity and mortality. In
addition to improving HIV treatment adherence and
increasing the numbers of patients receiving HCV therapies,
it will be important to enhance existing harm reduction
practices, including access to sterile injection equipment
through syringe exchange programmes [35,36], supervised
injection sites [37,38] and opiate substitution therapy
[39,40], all of which have been demonstrated to be benefi-
cial in preventing death from drug overdose, preventing
HIV progression and reducing transmission risks for HIV
and HCV. Increasing access to multidisciplinary teams to
support entry and adherence to HIV and HCV treatment will
be essential to tackle the health needs of this population.
This will be increasingly important as newer, more effective
direct-acting HCV therapies become available.

Strengths of our study include the very large number of
diverse participants who are broadly representative of the
Canadian coinfected population in care, careful outcome
ascertainment and relatively low numbers lost to follow-
up. Better ascertainment of deaths through linkage to
administrative databases and careful data verification may
partly explain the higher death rates we observed com-
pared with previous studies. Even so, we may have actually
underestimated true mortality rates as we were unable to
fully determine whether those lost to follow-up had died.
Our study was, however, restricted to patients engaged in
care in urban and semi-urban settings. Thus, the rates of
risk behaviours and treatment and health outcomes may
not fully represent the experience of the wider coinfected
population who may not be accessing medical care regu-
larly. Therefore, our findings, while alarming, may actually
represent an underestimate of the true disease burden
experienced by HIV/HCV-coinfected patients. Self-report
may also underestimate the degree and extent of risk
behaviours.

Our findings highlight that interventions aimed at
improving social circumstances, reducing harm from drug
and alcohol use and increasing the delivery of HCV treat-
ment in particular will be necessary to reduce adverse
health outcomes and limit the looming epidemic of ESLD
among HIV/HCV-coinfected persons and consequent mor-
tality. Continued research is needed to evaluate the impact
of therapies on disease progression, health service utiliza-
tion and costs and how to better target preventive measures
and treatment services for coinfected persons with the aim
of reducing the individual and population burden of this
important comorbidity.
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