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Abstract

Background—This study estimated latent classes (i.e., unobserved subgroups in a population) of
people who use drugs in Vancouver, Canada and examined how these classes relate to
phylogenetic clustering of hepatitis C virus (HCV) infection.

Methods—HCYV antibody positive people who use drugs from two cohorts in Vancouver, Canada
(1996-2012) with a Core-E2 sequence were included. Time-stamped phylogenetic trees were
inferred and phylogenetic clustering was determined by time to most common recent ancestor.
Latent classes were estimated and the association with the phylogenetic clustering outcome
assessed using an inclusive classify/analyse approach.

Results—Among 699 HCV RNA positive participants (26% female, 24% HIV+), recent drug use
included injecting cocaine (80%), injecting heroin (70%), injecting cocaine/heroin (e.g. speedball,
38%), and crack cocaine smoking (28%). Latent class analysis identified four distinct subgroups
of drug use typologies: 1) cocaine injecting, 2) opioid and cocaine injecting, 3) crack cocaine
smoking, and 4) heroin injecting and currently receiving opioid substitution therapy. After
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adjusting for age and HIV infection, compared to the group defined by opioid and cocaine
injecting, the odds of phylogenetic cluster membership was greater in the cocaine injecting group
[adjusted OR (aOR): 3.05; 95% CI: 1.76, 5.27] and lower in the crack cocaine smoking group
(aOR: 0.07; 95% CI: 0.01, 0.52).

Conclusions—Combining latent class and phylogenetic clustering analyses provides novel
insights into the complex dynamics of HCV transmission. Incorporating differing risk profiles
associated with drug use may provide opportunities to further optimise and target HCV treatment
and prevention strategies.
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INTRODUCTION

Infection with hepatitis C virus (HCV) disproportionately affects people who use drugs
(PWUD), and HCV incidence remains particularly high among drug-using youth and young
adults (1-3).While the factors associated with HCV acquisition are well described, the
dynamics of HCV transmission are poorly understood. Phylogenetic clustering has been
used as a tool to better understand characteristics that might be associated with increased
likelihood of HCV transmission (4-7). However, little is known about the association
between drug use patterns and phylogenetic clustering of HCV infection PWUD.
Understanding the association between drug use patterns and HCV transmission would help
to better target HCV prevention strategies.

In studies of HCV transmission among cohorts of people who use drugs in Vancouver,
Canada, younger age, HIV infection, recent HCV seroconversion, and syringe borrowing
have been shown to be independently associated with phylogenetic clustering (4, 5). In a
recently published study, methamphetamine injecting was also shown to be associated with
HCV clustering among a small sample of young PWUD in Vancouver (8). Nonetheless, data
investigating the association between specific patterns of drug use and HCV phylogenetic
clustering are sparse. Traditional epidemiological approaches that evaluate individual factors
associated with HCV transmission may not reflect the complex dynamics of drug use
(particularly polysubstance use) and its relationship with HCV transmission. That is, the
identification of factors associated with HCV acquisition or clustering may not fully reveal
the interaction of multiple observed indicators.

Latent class analysis divides a population into mutually exclusive and exhaustive subgroups,
simultaneously examining socio-demographic covariates associated with these patterns (9).
The method assumes that the population is composed of distinct sub-populations (i.e., latent
classes), which are not directly observed but are inferred from the observed characteristics of
individuals (10). Patterns of illicit drug use defined by latent class analysis have been used to
describe participant risk of HIV and HCV infection, substance abuse treatment utilization,
and quality of life (11-13). Recently, latent class analysis has been combined with
phylogenetic analysis to better understand the dynamics of HIV transmission in Switzerland,
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and to characterize the propensity for clustering both within and between socioeconomic
groupings (14).

Next generation direct-acting antiviral HCV therapy are well tolerated and highly efficacious
among people who actively use drugs, and may be useful in a treatment as prevention
strategy (15, 16). However, limited access to these novel therapies may necessitate targeted
implementation. Given the complex nature of HCV transmission, gaining a better
understanding of drug use patterns and their relationship to HCV transmission may inform
the development of public health interventions.

The aim of this study was to identify patterns of poly-drug use using latent class analysis,
and to evaluate the association between drug uses classes and HCV phylogenetic cluster
membership among two cohorts of people who use drugs in Vancouver.

MATERIALS AND METHODS

Study population and design

The study population and design, study assessments, RNA sequencing and phylogenetic
analyses have been previously described (5). Briefly, people who use drugs who reported
injecting drugs in the previous month were recruited into the Vancouver Injection Drug
Users Study (VIDUS) from May 1996 (17), while street-involved youth who reported use of
illicit drugs (or than or in addition to marijuana) in the previous month were recruited into
the At Risk Youth Study (ARY'S) from September 2005 (18). Participants who: 1) were
HCV antibody-positive at enrolment; or 2) demonstrated recent HCV seroconversion
[defined by an HCV antibody (anti-HCV) negative test at enrolment followed by an anti-
HCV positive test at a subsequent study visit] between May 1996 and December 2012 and
with an obtainable HCV subtype from sequencing were eligible for inclusion. The
University of British Columbia/Providence Health Care Research Ethics Board approved
this study. The cohort data collection procedures and instruments were harmonized such that
the same information on socio-demographic characteristics, as well as information
pertaining to drug use patterns and risk behaviours, were collected at enrolment and semi-
annually through an interviewer-administered questionnaire.

Phylogenetic analysis

HCV RNA was quantified using an in-house PCR (limit of detection: 200 IU/ml), and
amplification and sequencing of a 1,514bp fragment of the HCV genome covering Core,
Envelope-1, hypervariable region-1 and beginning of Envelope-2 (E2) was attempted on all
samples with detectable HCV RNA (19). Sanger sequencing chromatograms were processed
using RECall (20), and phylogenetic trees were inferred for participants with HCV subtypes
1a, 1b, 2a and 3a using a Bayesian phylogenetic approach implemented in BEAST v1.8.1.
Initially, a genomic-partition model was employed to estimate the substitution rates of Core-
E2 region from an independent HCV dataset, which exhibited a strong temporal signal (21).
These rates were subsequently applied as a strong prior distribution on the molecular clock
to estimate time-scaled phylogenies based on sequences generated in this study. Clusters and
pairs were identified using a new method that placed an upper limit on the estimated time to
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most common recent ancestor (tMRCA) of potentially connected individuals
(ClusterByTime, http://evolve.zoo.ox.ac.uk/Evolve/ClusterByTime.html). To account for
phylogenetic uncertainty, 100 phylogenies from the posterior tree distribution were assessed
with a tMRCA limit of five years (5). Sensitivity analysis of phylogenetic clustering and
factors associated identified correspondence between 5-year tMRCA limit a 1.5% genetic
distance threshold (5).

Latent class estimation

In this latent class analysis, the latent class variable represents categories of underlying drug
use behaviour. A total of six binary observed indicators (all yes vs. no) were used to estimate
the latent class variable: heroin injecting, cocaine injecting, speedball (i.e., simultaneous
heroin/cocaine) injecting, crack smoking, current enrolment in opioid substitution therapy
program (OST: methadone), as well as a combined variable representing non-medical use of
prescription opioids (e.g., hydromorphone, morphine and/or methadone). Reported drug use
relates to the past six months at time of interview. Preliminary latent class analysis models
were estimated to identify a model with the optimal number of classes, increasing from 1 to
eight classes without covariates, as has previously been described (22). Model fit was
estimated using Akaike Information Criterion (AIC), Bayesian Information Criterion (BIC),
consistent AIC (cAIC), adjusted BIC (aBIC) and model stability. The bootstrap likelihood
ratio test was used to compare the fit of a latent class analysis model with & classes (k= 1) to
one with £+ 1 classes (23). If the p-value is <0.05, the model of & classes is rejected in
favour of &+1 classes and the process is repeated incrementally until the p-value is >0.05.
Final model estimation for class sizes 2 to 8 was repeated with the distal outcome variable
(phylogenetic clustering) included as a covariate. Due to the inclusion of a covariate,
estimation of fit statistics was not possible for the final model estimation. Finally, the choice
of latent class solution presented was also informed by substantive criteria, such as
meaningfulness in terms of the current epidemiology of drug use (22).

Statistical analyses

The aim of this study was to assess the association between latent class membership and
phylogenetic clustering. An inclusive classify-analyse estimate of the association was
implemented to reduce model attenuation and bias during classification (24). Participants
were assigned to the latent class corresponding to their most likely membership (i.e. their
maximum posterior probability), with the class-specific proportions for the phylogenetic
clustering calculated and class membership treated as an observed variable in logistic
regression against phylogenetic clustering.

Descriptive analyses were performed to characterise the study sample according to being in
a pair or cluster (n=2 participants), or neither. Participant characteristics in these categories
were compared using Chi-squared, Fisher’s exact and Kruskal-Wallis tests (as appropriate).
Statistically significant differences were assessed at £<0.05; all p-values are two-sided.
Descriptive and inclusive classify-analyse logistic regression analyses were performed using
STATA software (version 12.1; StataCorp L.P., College Station, Texas, USA) and latent class
analyses (classification and distal outcomes) were performed using SAS software (version
9.4; SAS Institute Inc., Cary, North Carolina, USA).
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RESULTS

Study population

In total, 2,688 participants from the ARYS (n=961) and VIDUS (n=1,727) cohorts were
eligible for cohort enrolment (Figure 1). At enrolment, 52% (1,390 of 2,688) were anti-HCV
positive. Among participants who were anti-HCV negative at enrolment (n=1299), 185
participants demonstrated recent HCV seroconversion during follow-up, and were therefore
eligible for inclusion. HCV RNA was detectable in 74% (1,112 of 1,497) of anti-HCV
positive participants with available samples, and Sanger sequencing of the Core-E2 segment
obtained 66% (732 of 1,112) of these participants. Recent HCV seroconversion was
observed in 10% (n=76) and HIV coinfection in 23% (n=166) of participants with a
sequence (Table 1). HCV genotype distribution was: 1a: 48% (n=347), 1b: 6% (n=44), 2a:
3% (n=20), 2b: 7% (n=52), 3a: 35% (n=256), 4a: <1% (n=4), 6a: 1% (n=8), 6e: <1% (n=1).

Phylogenetic analysis

As previously reported (5), phylogenetic analysis was performed on participants with 1a, 1b,
2b and 3a infection, comprising 95% of participants (699 of 732) with an identifiable
subtype. Among those analysed, 22% (n = 150) were younger (aged <27 years), while 10%
(n = 73) had recent HCV seroconversion. A total of 108 (15%) participants had close genetic
relatedness, with 87 in pairs (2 participants, n = 44 pairs, 12%) and 21 in clusters (3
participants, n = 6 clusters, 3%) if the most common recent ancestor of the participants
(inferred) was less than 5 years in the past. Pair/cluster sizes ranged from two to six
participants (median: 2).

Latent class estimation

Preliminary latent class estimation identified a three class solution as optimal solution for
underlying drug use behaviours according to the BIC, aBIC and cAIC model fit statistics
(Table 2). The AIC statistic favoured a five class solution; while model fit statistics for the
four class solution were generally close to the more favoured model. The bootstrap
likelihood ratio test was >0.05 when comparing the four class solution with the three class
solution, suggesting the latter provided a better fit. The final model containing the distal
outcome (phylogenetic clustering) as a covariate improved model stability for the four class
solution from 29% to 99%. Considering the model fit statistics and substantive knowledge of
drug use epidemiology, the four class solution in the final model was selected as it provided
the best description of underlying drug use patterns in this population (Figure 2).

Based on the item response probabilities, the four classes were named according to the
relative behaviours of the participants (Table 3). The group with the highest class probability
[0.31, Standard error (SE) 0.05] was termed “Opioid and cocaine injecting”, while the class
probability for “Cocaine injecting” was 0.28 (SE 0.05). A similar class probability was
found for “Heroin with current OST” (0.23, SE 0.06), and the lowest class probability was
the “Crack cocaine smoking” group (0.18, SE 0.06).
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Distal outcome analysis

Fifteen percent of participants (n=108 of 699) were previously found to have close viral
genetic relatedness (phylogenetic clustering) (5). Latent drug use class was related to odds of
phylogenetic cluster membership when assessed by an inclusive classify/analyse
methodology (Table 4).

In the inclusive classify/analyse logistic regression model, relative to those in the heroin
injecting with current OST group, those in the cocaine injecting class had greater odds of
phylogenetic cluster membership [odds ratio (OR): 3.04; 95% CI: 1.76, 5.27) while
participants in the crack cocaine smoking group had reduce odds (OR: 0.07; 95% CI: 0.01,
0.52). There was no difference between the reference group and those in the opioid and
cocaine injecting group. After adjusting for age and HIV infection, compared to the group
defined by opioid and cocaine injecting, the odds of phylogenetic cluster membership was
greater in the cocaine injecting group [adjusted OR (aOR): 3.05; 95% CI: 1.76, 5.27] and
lower in the crack cocaine smoking group (aOR: 0.07; 95% Cl: 0.01, 0.52).

DISCUSSION

This study characterises the association between drug use patterns and HCV phylogenetic
clustering among two cohorts of people who use drugs recruited between 1996 and 2012 in
Vancouver, Canada. Latent class analysis identified four distinct patterns of drug use that
included: 1) cocaine injecting, 2) opioid and cocaine injecting, 3) crack cocaine smoking,
and 4) heroin injecting and currently receiving OST. After adjusting for HIV infection and
age, membership in the cocaine injecting class was independently associated with an
increased likelihood of HCV phylogenetic clustering, while membership in the crack
cocaine smoking class was associated with a decreased likelihood of phylogenetic
clustering. This is the first study to combine phylogenetic clustering with latent class
analysis to describe the dynamics of HCV transmission. As such, this study advances the
understanding of the transmission of HCV among people who use drugs, and provides a
robust methodology for understanding populations at greater risk of viral transmission.

Differences in study recruitment and indicator variables for inclusion prohibit direct
comparison of latent class analyses outcomes across studies involving PWUD. However,
similar to the current study, distinct classes of people who use drugs have been identified
using latent class analysis in Baltimore (10, 11), San Diego (25), Montreal (26), and in other
parts of Canada (27) and the USA (13). Within a multi-site cohort study of illegal opioid and
other drug users outside of treatment in five Canadian cities, Monga et al. identified
subgroups of participants that were composed mainly of Tylenol 3 or 4/benzodiazepine use,
non-injection use of both heroin and crack, and injection of both heroin and cocaine (28).
Similarly, Roy et al. identified distinct groups of people who use drugs, including those that
smoke cocaine, inject cocaine or inject cocaine and opioids (26). Collectively, the
application of latent class analyses to characterise drug use patterns has consistently
identified participants with varying levels of risk for HIVV and HCV infection, and may be
important in the implementation of targeted public health interventions.
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To our knowledge, this study is among the first to demonstrate that patterns of polydrug use
were associated with differing risk of HCV phylogenetic clustering. Compared to
participants in the heroin injection and currently receiving OST class, those in the cocaine
injecting class had greater odds of HCV infection being closely genetically related to
another participant. This is consistent with data demonstrating that acquisition of HCV is
associated with recent injecting of cocaine, perhaps a function of the increased number of
injections per day compared to heroin (29, 30). Within the VIDUS study, cocaine injecting
was associated with a shorter time to HCV seroconversion (31). In the current study, the
cocaine injecting class had the lowest probability of participants currently receiving OST, a
harm reduction measure known to prevent HCV infection (32—34). The high number of daily
injections associated with cocaine injecting and the absence of evidence-based
pharmacotherapies for cocaine use disorder in this subgroup may explain the association
between membership in the cocaine injecting latent class and HCV phylogenetic clustering
in this cohort.

In the current study, the crack cocaine smoking class had significantly reduced odds of
phylogenetic clustering. Injecting heroin and cocaine remained high in this group; however,
smoking crack cocaine had the highest probability of use and injecting speedball was low.
Cessation of injecting is effective at eliminating the risk of HCV acquisition (35). In
addition, exclusive crack cocaine smoking is associated with cessation of injecting (36). A
significant increase in crack cocaine smoking was seen in the VIDUS cohort from 1996 to
2012 (31), and previous data has demonstrated frequent cocaine injecting and
methamphetamine injecting as being independent predictors of crack cocaine initiation (37).
While crack cocaine smoking is associated with serious health and social problems
including prevalent HCV infection (38-41), a reduction in injecting behaviour may mitigate
onward transmission of HCV among this population. Similar to needle and syringe
programs, improving access to safer crack-smoking equipment and facilities would likely
reduce harms associated with both drug injecting and smoking and improve individual and
community health outcomes (39, 42, 43).

This study has a number of limitations. Although data collection and study instruments were
harmonized, the VIDUS and ARYSS cohorts had differences in inclusion and exclusion
criteria. To help mitigate potential cohort effects, regression-based analyses were adjusted
for cohort of enrolment. Second, the VIDUS and ARY'S studies are not random samples of
the eligible population and the findings may not be generalizable to the broader Vancouver
drug-using population or other urban settings. There also may be un-sampled additional
parties involved in the transmission cluster and direction of HCV transmission cannot be
determined. In addition, estimates of phylogenetic relationships refer only to the viral
populations identified at the time of sampling. While reinfection or superinfection with other
viruses may occur through time, their identity would not be known at the time phylogenetic
inference. Third, 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 (including mixed infections). Care should be
taken when interpreting the outcomes of latent class analysis, particularly when concluding
that the classes identified represent actual individuals in the population. Nonetheless, latent
class analysis provides a useful mechanism for representing the heterogeneity of factors
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across the population. Lastly, information on all behaviours were collected by self-report and
may be subject to response biases.

The data from the current study suggest that people with ongoing cocaine injecting should
be targeted with respect to treatment and prevention activities. Mathematical modelling of
targeted HCV treatment and prevention interventions suggest that combining high-capacity
needle and syringe program access with OST and DAA HCV therapies would significantly
reduce HCV acquisition in the future (44, 45). Additionally, modelling suggests that
expanding treatment to immediate injecting partners in a network of people who inject drugs
(e.g. “bring a friend approach”) is favourable to a random treatment strategy (46). The
outcomes from the current study should be used to inform future mathematical modelling
studies and the development of treatment and prevention interventions.

In conclusion, this study of people who use drugs in Vancouver demonstrates that there are
identifiable patterns of poly-drug use, with differing degrees of HCV phylogenetic clustering
seen in the groups. Latent class analysis provides a framework to better understand the
complex dynamics of drug use, particularly when multiple drug types are used. An enhanced
understanding of HCV transmission dynamics should be used to inform future treatment and
prevention strategies, particularly towards those at greatest risk of transmission.
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Table 1
Characteristics of participants in the VIDUS and ARY'S cohorts with HCV subtypes 1a, 1b, 2b and 3a.

Total No cluster Cluster

Characteristics (n=699) (n=591) (n=108) P-value

Female sex (vs. male sex) 179 (26%) 149 (25%) 30 (28%) 0.574
High school education or higher (vs. less than high school) 165 (24%)" 140 (24%)" 25(23%)  0.889
Unstable housing (vs. stable) u 494 (71%) 416 (70%) 78 (72%)  0.700
Currently receiving opioid substitution therapy 89 (13%)* 76 (13%)* 13(12%)  0.799

Syringe borrowing” 271(39%) 221 (37%) 50 (46%)  0.08L

Crack use 195 (28%) 178 (30%) 17 (16%)  0.002
Cocaine injecting” 556 (80%) 469 (79%) 87 (81%)  0.776
Heroin injecting” 490 (70%) 418 (71%)  72(67%)  0.397

Speedball injecting” 264 (38%) 222 (38%) 42 (39%)  0.794

Methamphetamine injecting 1 51 (7%) 44 (1%) 7(6%) 0.723

Other opioid injecting *t 102 (15%) 95 (16%) 7 (6%) 0.009
ARYS cohort 65 (9%) 58 (10%) 7 (6%) 0.273
Recent HCV seroconversion 73 (10%) 60 (10%) 13 (12%) 0.556
HIV infection” 165(24%) 128 (22%) 37(34%)  0.005
HCV subtype 0.039

la 347 (50%) 307 (52%) 40 (37%)

1b 44 (6%) 36 (6%) 8 (7%)

2b 52 (%) 43 (7%) 9 (8%)

3a 256 (37%) 205 (35%) 51 (47%)

*
Other opioid injecting: hydromorphone, morphine and/or methadone,

fln last six months.
Missing data: ~ two participants;

7, . . Lo
4 participants. Unstable Housing refers to living in a shelter, hostel, treatment center, or on the street
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