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Abstract

Little is known about factors associated with HCV transmission among people who inject drugs 

(PWID). Phylogenetic clustering and associated factors were evaluated among PWID in 

Vancouver, Canada. Data were derived from the Vancouver Injection Drug Users Study. 

Participants who were HCV antibody positive at enrolment and those with HCV antibody 

seroconversion during follow-up (1996 to 2012) were tested for HCV RNA and sequenced (Core-

E2 region). Phylogenetic trees were inferred using maximum likelihood analysis and clusters were 
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identified using ClusterPicker (90% bootstrap threshold, 0.05 genetic distance threshold). Factors 

associated with clustering were assessed using logistic regression. Among 655 eligible 

participants, HCV genotype prevalence was: G1a: 48% (n=313), G1b: 6% (n=41), G2a: 3% 

(n=20), G2b: 7% (n=46), G3a: 33% (n=213), G4a: <1% (n=4), G6a: 1% (n=8), G6e: <1% (n=1) 

and unclassifiable: 1% (n=9). The mean age was 36 years, 162 (25%) were female and 164 (25%) 

were HIV+. Among 501 participants with HCV G1a and G3a, 31% (n=156) were in a pair/cluster. 

Factors independently associated with phylogenetic clustering included: age <40 (vs. age ≥40, 

adjusted odds ratio [AOR] = 1.64; 95% CI 1.03, 2.63), HIV infection (AOR = 1.82; 95% CI 1.18, 

2.81), HCV seroconversion (AOR = 3.05; 95% CI 1.40, 6.66) and recent syringe borrowing (AOR 

1.59; 95% CI 1.07, 2.36).

Conclusion—In this sample of PWID, one-third demonstrated phylogenetic clustering. Factors 

independently associated with phylogenetic clustering included younger age, recent HCV 

seroconversion, prevalent HIV infection, and recent syringe borrowing. Strategies to enhance the 

delivery of prevention and/or treatment strategies to those with HIV and recent HCV 

seroconversion should be explored, given an increased likelihood of HCV transmission in these 

sub-populations.
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Hepatitis C virus (HCV) transmission continues to occur among people who inject drugs 

(PWID), with HCV incidence ranging from 10-40 cases per 100 person-years (1-7). 

Although needle and syringe programs, opioid substitution treatment (OST) and other harm 

reduction strategies have been successful at reducing HIV incidence in PWID (8), these 

programs have been less effective for preventing HCV (9-11). However, in the near future, 

HCV treatment will be highly curative (>90%), simple (once-daily), short duration (8-12 

weeks) and well-tolerated: features that hold great promise for the potential effectiveness of 

HCV “treatment as prevention” among PWID (12, 13). Given the lack of protective 

immunity following spontaneous and treatment-induced HCV clearance (14), better 

preventive strategies are necessary to maximize the impact of HCV “treatment as 

prevention” initiatives.

Mathematical modeling studies have suggested that modest increases in HCV treatment 

uptake could lead to substantial reductions in HCV prevalence (15), particularly if combined 

with improved coverage of needle and syringe and OST programs (16). Identifying 

characteristics of people at high risk of HCV transmission may provide important 

information for the design and implementation of targeted and more effective public health 

and treatment strategies for the elimination of HCV among PWID.

Phylogenetic studies provide an opportunity to model underlying transmission patterns that 

cannot be determined through epidemiological studies, as demonstrated in HIV (17, 18). 

Phylogenetic analyses have identified pan-European HCV clustering among PWID infected 

with HIV (19), and have been used to document HCV networks within and between cities 

(20, 21). Social networks (22), younger age (23) and acute HCV (24) are associated with 

phylogenetic clustering. However, phylogenetic studies among PWID with HCV have been 
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limited by small sample sizes, cross-sectional designs, diverse geographic sampling, and 

insufficient epidemiological data available to link with sequence data. The aim of this study 

was to investigate phylogenetic clustering of HCV and associated factors among participants 

enrolled in a longstanding prospective cohort of PWID in Vancouver, Canada.

METHODS

Study population and design

The Vancouver Injection Drug Users Study (VIDUS) is an open prospective community-

recruited cohort of PWID in Vancouver, Canada. The cohort was initiated during a period of 

high HIV and HCV incidence among PWID in the mid-1990s (25). Beginning in May 1996, 

active PWID (i.e., those who reported injecting drugs in the previous month) were recruited 

in the Greater Vancouver region through street outreach, word of mouth, and self-referral. 

Participants provided written informed consent prior to entering the study. The University of 

British Columbia/Providence Health Care Research Ethics Board approved this study.

For the current study, all participants who: 1) were HCV antibody-positive at enrolment; or 

2) demonstrated HCV seroconversion (defined by an HCV antibody negative test at 

enrolment followed by an HCV antibody positive test at a subsequent study visit) between 

May 1996 and December 2012 and with an available sample for HCV RNA testing and 

sequencing were eligible for inclusion.

Study assessments

At enrolment and semi-annually, participants completed an interviewer-administered 

questionnaire. Data on socio-demographic characteristics, as well as information pertaining 

to drug use patterns and risk behaviors were collected. Nurses collected blood samples for 

HIV and HCV serology, and also provided basic medical care and referrals to appropriate 

health care services. Participants received $20 for each study visit.

HCV RNA testing and sequencing

HCV RNA was quantified using an in-house PCR (limit of detection of 200 IU/ml) as 

described elsewhere (26). Sequencing was attempted on all samples with detectable HCV 

RNA. Complementary DNA was generated using SuperScript® VILO™ cDNA Synthesis 

Kit (Life Technologies, Carlsbad, CA) with random hexamers. A 1,514bp fragment of the 

HCV genome covering Core, Envelope-1, hypervariable region-1 and beginning of 

Envelope-2 (E2) was amplified using a method previously described (27). Samples not 

successfully amplified initially were retested with a modified reverse transcription 

methodology, whereby the reaction was performed at a lower temperature, for a longer 

duration without the addition of the PolyMate Additive. Purified amplicons were sequenced 

using the Sanger method and sequence chromatograms processed using RECall: a fully 

automated sequence analysis pipeline (28). Reverse transcription, PCR and sequencing 

reaction and thermal cycling conditions are described in Supplementary Information.
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Phylogenetics

Among participants with HCV genotypes 1a (G1a) and 3a (G3a), phylogenetic trees of the 

Core-E2 fragment were inferred using maximum-likelihood analysis implemented in 

RAxML through the CIPRES Science Gateway (29) under the General Time Reversible 

model of nucleotide substitution with substitution rate heterogeneity. Reference sequences 

obtained from the Los Alamos National Laboratory HCV database (30) were included to 

support identification of “local” clusters (31), and were aligned to study sequences using 

ClustalX (32). The final fragment analysed was 1153bp following removal of HVR1 and 

insertions/deletions. The robustness of the resulting tree was assessed by bootstrapping with 

1000 replicates, and clusters were identified using ClusterPicker software (33) with a 

bootstrap threshold of 90% and a maximum genetic distance threshold of 0.05. Sensitivity 

analyses were performed by varying the genetic distance threshold between 0.025-0.065 to 

determine the effect on the identification of factors associated with clustering. Pair and 

cluster membership was also assessed using PhyloPart (34), with a bootstrap threshold of 

90% and a patristic distance distribution threshold of 0.01 and 0.029 for G1a and G3a, 

respectively. Pairwise genetic distances of sequences in pairs/clusters, and those not, were 

assessed using Mega 6 (35).

Measurements

The primary study outcome was phylogenetic clustering of HCV infections (defined by >2 

participants with HCV genome sequence satisfying bootstrap and genetic distance threshold 

requirements).

Statistical analyses

Descriptive analyses were performed to characterise the study population according to the 

following strata: being in a pair (n=2 participants within genetic distance and bootstrap 

thresholds), being in a cluster (n≥3 participants), or neither. Participant characteristics in 

these categories were compared using Fisher's exact and Kruskal-Wallis tests (as 

appropriate).

Logistic regression analyses were used to identify factors associated with being in a pair/

cluster. Hypothesized factors were determined a priori on the basis of factors previously 

shown to be associated with HCV clustering and/or HCV acquisition. These factors 

included: sex (1); education at baseline, defined as high school completion (yes vs. no) (36); 

younger age (37); unstable housing status, defined as living in a single occupancy room in a 

hotel, a treatment or recovery house, jail, shelter or hostel, or having no fixed address in the 

last 6 months (yes vs. no) (5, 7); several variables referring to drug use, including crack 

cocaine smoking, injecting heroin, and injecting cocaine in the last 6 months (all yes vs. no) 

(1, 7, 37, 38); syringe borrowing, defined as injecting with a used syringe in the last 6 

months (yes vs. no) (37); and HIV status (positive vs. negative) (7).

In multivariate analyses, all variables that were significant at p<0.20 in unadjusted analysis 

were considered as potential independent factors. Initial models were adjusted for age and 

built using a backwards-stepwise approach, with factors sequentially eliminated according to 

the result of the likelihood ratio test. Statistically significant differences were assessed at 
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p<0.05; all p-values are two-sided. All analyses were performed using STATA software 

(version 12.1; StataCorp L.P., College Station, Texas, USA).

RESULTS

Participant characteristics

In total, 2,722 participants were eligible for inclusion (Figure 1). At enrolment, 65% (1,781 

of 2,722) were HCV antibody positive. Among participants who were HCV antibody 

negative at enrolment (n=941), 122 participants demonstrated HCV seroconversion during 

follow-up, and were therefore eligible for inclusion.

Among 1,337 HCV antibody positive participants with available samples for HCV RNA 

testing, 76% (1,012 of 1,337) had detectable HCV RNA. Sequences of the Core-E2 segment 

were obtainable for 65% (655 of 1,012) of participants with detectable HCV RNA. Among 

those with detectable HCV RNA, factors associated with inability to obtain a sequence 

included HCV RNA <10,000 IU/mL, sample volume <200 μL and collection date ≥1997 

(vs. 1996, Supplementary Table 1).

The overall participant characteristics of those with HCV sequencing (n=655) are shown in 

Table 1. Overall, the median age was 36 years (Q1-Q3: 31-42) and 162 (25%) were female. 

Recent HCV seroconversion was observed in 6% (n=40). Twenty-five percent (n=164) had 

HIV co-infection at enrollment or HIV seroconversion during follow-up. HCV genotype 

distribution was: 1a: 48% (n=313), 1b: 6% (n=41), 2a: 3% (n=20), 2b: 7% (n=46), 3a: 33% 

(n=213), 4a: <1% (n=4), 6a: 1% (n=8), 6e: <1% (n=1) and unclassifiable: 1% (n=9).

HCV phylogenetic cluster composition

The phylogenetic trees for HCV genotype 1a (G1a, n=311) and 3a infection (G3a, n=190) 

are shown in Figures 2A and 2B, respectively. Among 501 participants with HCV G1a/G3a 

infection, a total of 31% (n=156) of participants were grouped in either in a pair (n=88) or 

cluster (n=68), as identified by ClusterPicker (bootstrap threshold of 90% and a maximum 

genetic distance threshold of 0.05, Figure 3). Among 311 participants with HCV G1a 

(Figure 3), a total of 91 (29%) of sequences were grouped in either 30 pairs (n=60; 19%) or 

7 clusters (n=31; 10%). Among 190 participants with HCV G3a (Figure 3), a total of 65 

(34%) of sequences were grouped in either 14 pairs (n=28; 15%) or 10 clusters (n=37; 19%).

With a genetic distance threshold of 0.05, cluster sizes ranged from 3-9 participants for G1a 

(median, 2; Q1-Q3: 2-2), and 3-6 participants (median, 2; Q1-Q3: 2-3) for G3a. The mean 

genetic distance in a pair/cluster was 0.023 (Q1-Q3: 0.012 – 0.028) nucleotide substitutions/

site for G1a, and 0.021 (Q1-Q3: 0.010 – 0.026) nucleotide substitutions/site for G3a. For 

participants not in a cluster, the mean genetic distance was 0.086 and 0.067, for G1a and 

G3a respectively. The number of clusters, mean cluster size, and mean maximum genetic 

distance increased with increasing genetic distance threshold; however, factors associated 

with pair/cluster membership were comparable across the threshold values (Supplementary 

Tables 2 and 3). While most clusters were composed of participants with HCV infection at 

enrolment, 13 (42%) of the clusters included at least one member with HCV seroconversion.
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In a sensitivity analysis, clusters were also defined using PhyloPart (bootstrap threshold of 

90% and patristic distance distribution threshold of of 0.01 and 0.029 for G1a and 3a, 

respectively). Using Phylopart, 31 pairs (n=62; 20%) or 9 clusters (n=43; 14%) for G1a, and 

13 pairs (n=26; 14%) or 11 clusters (n=59; 31%) for G3a were identified, similar to the 

number of clusters defined using ClusterPicker. There were no differences in participant 

characteristics for participants identified as being in a pair/cluster by PhyloPart compared to 

ClusterPicker (Supplementary Table 4).

Factors associated with membership in pair/cluster

Among 501 participants with an available HCV G1a/G3a sequence, 88 (18%) and 68 (14%) 

were members of pairs or clusters, respectively. Participants in a pair and clusters were 

combined for subsequent analysis to assess factors associated with membership in a pair/

cluster, given similar characteristics between these groups (Supplementary Table 5).

In unadjusted logistic regression analyses, membership in a pair/cluster was associated with 

younger age, HIV infection, HCV seroconversion, and recent syringe borrowing (in last 6 

months; Table 2). In logistic regression analyses, factors associated with membership in a 

pair/cluster included being aged <40 (vs. age ≥40, adjusted odds ratio [AOR] = 1.64; 95% 

CI 1.03, 2.63), HIV infection (vs. none, AOR = 1.82; 95% CI 1.18, 2.81), recent HCV 

seroconversion (vs. not, AOR = 3.05; 95% CI 1.40, 6.66) and recent syringe borrowing (vs. 

none, AOR 1.59; 95% CI 1.07, 2.36).

Clusters with membership greater than three participants

Among participants identified as being in a cluster with greater than three participants, there 

were clear distinctions according to age, HIV infection and sex (Figure 4). Cluster 29 (G1a) 

demonstrates an individual cluster of nine participants with an overrepresentation of 

females, those with HIV, and those aged <30 years. Cluster 32 (G3a) illustrates clustering by 

age and sampling date.

DISCUSSION

This study characterises the molecular epidemiology of HCV among a cohort of PWID 

recruited between 1996 and 2012 in Vancouver, Canada. The proportion of participants with 

HCV G1a/G3a identified as being in a pair/cluster was 31%. Age <40 years, recent HCV 

seroconversion, HIV co-infection, and recent syringe borrowing were independently 

associated with phylogenetic clustering. These findings could be used to better design and 

target public health and treatment strategies towards groups at higher risk of HCV 

transmission among PWID.

Overall, one-third of PWID with G1a/3a demonstrated phylogenetic clustering, consistent 

with 32-37% demonstrating phylogenetic clustering in studies of PWID in Ottawa, Ontario 

(39), Bristol, United Kingdom (21) and Melbourne, Australia (40). Confirmation of these 

results is important, given that previous studies are limited by small sample sizes and often 

used respondent driven sampling (39) or network-based referral (40) methods for participant 

recruitment, which might lead to a higher proportion of individuals demonstrating clustering 

(by the nature of how participants are sampled). However, the current study suggests that 
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even in a large sample of PWID recruited using more traditional sampling methods (e.g. 

street outreach, word of mouth, and self-referral), a substantial degree of clustering can 

occur. The higher proportion of clustering observed in this study might also be explained by 

the fact that a large majority of participants in VIDUS were recruited from the Downtown 

Eastside of Vancouver (a neighbourhood with a highly concentrated population of PWID), 

reflecting a densely connected network observed in this sample.

Factors associated with HCV acquisition, such as female sex, injecting cocaine, injecting 

equipment borrowing, frequent injecting, duration of injecting, HIV, and recent 

incarceration have been well-described (1-7). However, this study is novel in that it 

evaluated factors associated with phylogenetic clustering, providing some insight into 

transmission dynamics and groups at higher risk of HCV transmission in this population.

Recent HCV seroconversion was independently associated with being in a pair/cluster in 

this study. These findings are similar to a study by Sacks-Davis et al among PWID in 

Melbourne, Australia (24), demonstrating that recent HCV infection was an independent 

predictor of being in a cluster. In a cohort of PWID in Bristol, United Kingdom, in a large 

cluster of 14 participants with G1a, 11 were undergoing HCV seroconversion, also 

suggesting a recent transmission cluster (21). In the setting of HIV infection among men 

who have sex with men, high rates of onward transmission have also been linked to acute/

early and episodic infection (17, 18), potentially due to high transmission rates among those 

with undiagnosed infections (41, 42). The current study suggests that PWID with recent 

HCV seroconversion may also be at high risk of HCV transmission.

In this study, HIV infection was independently associated with clustering. Although it was 

not possible to definitively establish the order of HIV and HCV infections in this study, data 

suggest that 90%-95% of HIV infections in PWID occur after infection with HCV (43, 44). 

As such, it is unlikely that participants were co-infected with HIV infection at the time of 

HCV acquisition, but that those with HCV/HIV represent a group with greater risk 

behaviours for onward HCV transmission (7). In Vancouver, it has been previously 

demonstrated that risk behaviours for HCV acquisition (e.g. frequent injecting cocaine use, 

residence in the Downtown Eastside, female sex and number of years injecting) were 

independently associated with HCV/HIV co-infection (45). The current study provides 

phylogenetic evidence to suggest that those with HCV/HIV co-infection are at increased risk 

for transmitting HCV. Individuals with HIV/HCV have demonstrably higher HCV RNA 

levels, which could translate into greater infectiousness (46). Given that HCV/HIV co-

infected individuals comprise one quarter of the study population, further efforts should be 

made to identify PWID with HCV/HIV co-infection and offer enhanced HCV prevention 

and treatment.

Younger age (i.e., <40 years) was also independently associated with clustering. Younger 

age has also been associated with HCV acquisition (37, 47). The majority of samples in the 

current study were from 1996, during a period of rapid HCV and HIV expansion in the 

community, particularly among young injectors. As such, the association between younger 

age and clustering is not surprising and suggests the potential for both temporal and social 
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grouping of transmissions in the highly concentrated Downtown Eastside of Vancouver 

(48).

Recent syringe borrowing was also independently associated with clustering, which is a 

novel finding. This is consistent with the fact that syringe and equipment borrowing have 

been shown to be associated with HCV acquisition (1-3, 36, 38). However, these data from 

the VIDUS study should be interpreted with caution. For those who were HCV antibody 

positive at enrollment (the majority of participants), recent syringe borrowing was reported 

at the time of viral sequencing, not the time of infection acquisition. However, it is likely 

that those who reported syringe borrowing at the time of sequencing were a higher risk 

group who likely were engaging in similar high-risk behaviours at the time of HCV 

acquisition.

This study has a number of limitations. The VIDUS cohort is not a random sample of the 

eligible population. As a result, the findings may not be generalizable to the broader 

Vancouver injection drug-using population or other urban settings where drug use is 

common. Furthermore, the scope of this analysis was not intended to identify linked 

transmissions between participants, as there may be un-sampled additional parties involved 

in the transmission cluster and direction of HCV transmission cannot be determined. 

Instead, the aim of the study was to determine factors associated with membership in a pair 

or cluster for the entire study sample, rather than individual transmission chains. In addition 

to this, the association between recent HCV infection and clustering may be confounded by 

the identification of pairs/clusters based on genetic distance (given recent transmission 

chains would have shorter genetic distances). However, given that recent HCV infection 

remained associated with clustering in sensitivity analysis varying the genetic distance 

threshold, this is unlikely to have been the case. The utilisation of PCR to amplify HCV 

RNA may introduce bias in the selection of participants given the nature of the methodology 

and the potential to insufficiently detect variant strains of the virus. Mixed/dual infections 

were not assessed in this analysis. Given that population-based Sanger Sequencing is not 

sufficiently sensitive to identify variants below approximately 20% of the sequence mixture, 

it is likely that some minor viral variants might have gone undetected. Lastly, information 

on all behaviours were collected by self-report and may be subject to response biases, 

although we do not think these behaviours were differentially reported by individuals who 

were or were not in an HCV cluster/pair.

In the era of highly efficacious directly acting antivirals for HCV, treatment-as-prevention 

strategies are being explored as an option to reduce HCV prevalence and incidence in the 

community (49). Understanding factors associated with clustering (e.g. those potentially at 

higher risk of transmission) could potentially be used to inform strategies for the 

implementation of public health and treatment-as-prevention interventions at a population 

level. Using population-based surveillance systems, participants with characteristics 

predisposing them towards an increased likelihood of transmitting HCV could be identified. 

Further, enhanced targeting of established prevention and treatment interventions could be 

explored, perhaps through nurse-led out-reach services. One HCV treatment-as-prevention 

approach, currently being trialled in Melbourne, Australia, is based on extensive HCV 

network modelling and consists of a nurse-led model of care and a “bring-a-friend” 
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treatment approach (50), offering a pragmatic and realistic clinical approach to access 

injecting networks and disrupt HCV transmission. However, as highlighted in the field of 

HIV, there are limitations in that phylogenetic analyses cannot be used to identify actual 

individuals at high-risk of HCV transmission, only characteristics or groups that might be 

associated with higher risk of transmission. As such, strategies based on phylogenetic 

analyses should focus on broad risk groups as opposed to specific individuals in an apparent 

cluster.

In conclusion, phylogenetic clustering was common in this cohort of PWID in Vancouver, 

and was independently associated with recent HCV seroconversion, HIV co-infection, age 

<40 years and recent syringe borrowing. Further studies are needed in cohorts of other 

PWID internationally to determine whether these results are generalizable to other settings. 

Lastly, further studies are needed to assess whether the identification and strategic targeting 

of HCV prevention and treatment strategies towards those with recent HCV seroconversion 

can be effective in stemming transmission and lead to the control of HCV among PWID.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Participant disposition flowchart.
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Figure 2. Phylogenetic tree of HCV a) genotype 1a and b) genotype 3a in the VIDUS cohort, 
1996-2012, Vancouver, Canada
The maximum likelihood tree was inferred using RAxML, and participants in pairs (n=2, 

orange) and clusters (n>2, red) differentiated from non-clustered participants (blue) and Los 

Alamos National Laboratory reference sequences (grey) using ClusterPicker with a 

bootstrap threshold of 90% and a genetic distance of 0.05. Large clades containing only 

reference sequences were collapsed.
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Figure 3. Cluster size distribution for genotype 1a/genotype 3a infection in the VIDUS cohort, 
1996-2012, Vancouver, Canada
Participants in pairs (n=2) and clusters (n>2) differentiated from non-clustered participants 

using ClusterPicker with a bootstrap threshold of 90% and a genetic distance of 0.05.
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Figure 4. Example sections of maximum-likelihood phylogenetic tree showing clusters with 
greater than or equal to four participants for a) genotype 1a and b) genotype 3a
Participants in pairs (n=2) and clusters (n>2) identified using ClusterPicker with a bootstrap 

threshold of 90% and a genetic distance of 0.05. Numbers at tips represent date of 

sequencing.
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Table 1

Characteristics of participants with available HCV Core-Envelope 2 segment sequence in the VIDUS cohort, 

1996-2012, Vancouver, Canada (n=655).

Characteristics Overall (n=655)

Female sex (vs. male sex) 162 (25%)

Age (median (Q1-Q3)) 36 (31-42)

Age <40 years (vs. ≥40 years) 437 (67%)

High school education or higher (vs. less than high school)
*

126 (19%)
^

Unstable housing (vs. stable)
† 452 (69%)

Years injecting (median (Q1-Q3)) 15 (6-23)

HCV acute/recent (vs. not) 40 (6%)

HIV infection (vs. none)
† 164 (25%)

Currently enrolled in methadone treatment (vs. yes)
82 (13%)

#

Syringe borrowing (vs. none)
† 268 (41%)

Crack use (vs. none)
† 159 (24%)

Cocaine injecting (vs. none)
† 546 (83%)

Heroin injecting (vs. none)
† 473 (72%)

Speedball injecting (vs. none)
† 266 (41%)

Genotype

1a 313 (48%)

1b 41 (6%)

2a 20 (3%)

2b 46 (7%)

3a 213 (33%)

4a 4 (<1%)

6a 8 (1%)

6e 1 (<1%)

Unclassifiable 9 (1%)

Percentages indicate column percentages

Abbreviations: HIV = human immunodeficiency virus; HCV hepatitis C virus

*
At the time of enrolment

†
In the last 6 months prior to enrolment

^
Data unavailable for 2 participants

#
Data unavailable for 3 participants.

Hepatology. Author manuscript; available in PMC 2015 November 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Jacka et al. Page 19

T
ab

le
 2

L
og

is
tic

 r
eg

re
ss

io
n 

an
al

ys
is

 o
f 

fa
ct

or
s 

as
so

ci
at

ed
 w

ith
 b

ei
ng

 in
 a

 p
hy

lo
ge

ne
tic

 p
ai

r/
cl

us
te

r 
fo

r 
pa

rt
ic

ip
an

ts
 w

ith
 H

C
V

 g
en

ot
yp

e 
1a

 o
r 

3a
 in

 th
e 

V
ID

U
S 

co
ho

rt
, 1

99
6-

20
12

, V
an

co
uv

er
, C

an
ad

a.

C
ha

ra
ct

er
is

ti
c

O
ve

ra
ll

N
ot

 c
lu

st
er

P
ai

r/
cl

us
te

r
M

em
be

rs
hi

p 
in

 p
ai

r/
cl

us
te

r 
(n

 ≥
 2

)

U
ni

va
ri

at
e

M
ul

ti
va

ri
at

e

T
ot

al
 n

 (
%

)
(n

=5
01

)
(n

 =
 3

45
)

(n
=1

56
)

O
dd

s 
ra

ti
o

95
%

 C
I

P
O

dd
s 

ra
ti

o
95

%
 C

I
P

F
em

al
e 

se
x 

(v
s.

 m
al

e 
se

x)
12

1 
(2

4%
)

78
 (

23
%

)
43

 (
28

%
)

1.
30

0.
85

 -
 2

.0
1

0.
23

1
-

-
-

A
ge

 <
40

 y
ea

rs
 (

vs
. ≥

40
 y

ea
rs

)
34

0 
(6

8%
)

22
1 

(6
4%

)
11

9 
(7

6%
)

1.
80

1.
17

 -
 2

.7
7

0.
00

7
1.

63
1.

05
 -

 2
.5

3
0.

02
8

H
ig

h 
sc

ho
ol

 e
du

ca
ti

on
 o

r 
hi

gh
er

 (
vs

. l
es

s 
th

an
 h

ig
h 

sc
ho

ol
)*

91
 (

18
%

)
59

 (
17

%
)

32
 (

21
%

)
1.

26
0.

78
 -

 2
.0

3
0.

35
0

-
-

-

U
ns

ta
bl

e 
ho

us
in

g 
(v

s.
 s

ta
bl

e)
†

35
2 

(7
0%

)
24

6 
(7

1%
)

10
6 

(6
8%

)
0.

85
0.

57
 -

 1
.2

8
0.

44
7

-
-

-

H
C

V
 G

en
ot

yp
e 

3a
19

0 
(3

8%
)

12
5 

(3
6%

)
65

 (
42

%
)

1.
26

0.
85

 -
 1

.8
5

0.
24

6
-

-
-

R
ec

en
t 

H
C

V
 s

er
oc

on
ve

rs
io

n 
(v

s.
 n

ot
)

31
 (

6%
)

16
 (

5%
)

15
 (

10
%

)
2.

34
1.

11
 -

 4
.9

2
0.

02
5

3.
05

1.
4 

- 
6.

66
0.

00
5

H
IV

 in
fe

ct
io

n 
(v

s.
 n

on
e)

†
13

1 
(2

6%
)

79
 (

23
%

)
52

 (
33

%
)

1.
68

1.
11

 -
 2

.5
5

0.
01

4
1.

82
1.

18
 -

 2
.8

1
0.

00
6

C
ur

re
nt

ly
 e

nr
ol

le
d 

in
 m

et
ha

do
ne

 t
re

at
m

en
t 

(v
s.

 y
es

)
64

 (
13

%
)

47
 (

14
%

)
17

 (
11

%
)

0.
77

0.
43

 -
 1

.3
9

0.
38

6
-

-
-

Sy
ri

ng
e 

bo
rr

ow
in

g 
(v

s.
 n

on
e)

†
20

5 
(4

1%
)

13
0 

(3
8%

)
75

 (
48

%
)

1.
53

1.
04

 -
 2

.2
4

0.
02

9
1.

59
1.

07
 -

 2
.3

6
0.

02
2

C
ra

ck
 u

se
 (

vs
. n

on
e)

†
12

3 
(2

5%
)

88
 (

26
%

)
35

 (
22

%
)

0.
84

0.
54

 -
 1

.3
2

0.
46

0
-

-
-

C
oc

ai
ne

 in
je

ct
in

g 
(v

s.
 n

on
e)

†
42

4 
(8

5%
)

28
6 

(8
3%

)
13

8 
(8

8%
)

1.
58

0.
9 

- 
2.

78
0.

11
2

-
-

-

H
er

oi
n 

in
je

ct
in

g 
(v

s.
 n

on
e)

†
37

0 
(7

4%
)

25
5 

(7
4%

)
11

5 
(7

4%
)

0.
99

0.
64

 -
 1

.5
2

0.
96

3
-

-
-

Sp
ee

db
al

l i
nj

ec
ti

ng
 (

vs
. n

on
e)

†
21

3 
(4

3%
)

14
0 

(4
1%

)
73

 (
47

%
)

1.
29

0.
88

 -
 1

.8
8

0.
19

3
-

-
-

Pe
rc

en
ta

ge
s 

in
di

ca
te

 c
ol

um
n 

pe
rc

en
ta

ge
s

A
bb

re
vi

at
io

ns
: H

IV
 =

 h
um

an
 im

m
un

od
ef

ic
ie

nc
y 

vi
ru

s;
 H

C
V

 h
ep

at
iti

s 
C

 v
ir

us
.

* A
t t

he
 ti

m
e 

of
 e

nr
ol

m
en

t

† in
 th

e 
la

st
 6

 m
on

th
s 

pr
io

r 
to

 e
nr

ol
m

en
t.

Hepatology. Author manuscript; available in PMC 2015 November 01.


