Received: 9 January 2021 | Revised: 3 May 2021

'.) Check for updates

Accepted: 26 June 2021

DOI: 10.1111/jvh.13575

ORIGINAL ARTICLE

JOURNAL OF VIRAL HEPATITIS

WILEY

The impact of direct-acting antivirals on hepatitis C viraemia
among people who inject drugs in England; real-world data

2011-2018

Megan Bardsley?!

| Ellen Heinsbroek! | Ross Harris!

| Sara Croxford'® |

Claire Edmundson® | Vivian Hopel? | NasraHassan®! | Samreen ljaz! | Sema Mandal® |
Justin Shute? | Sharon J. Hutchinson®* | Matthew Hickman® | Katy Sinka® |

Emily Phipps!

INational Infection Service, Public Health
England, London, UK

2Public Health Institute, Liverpool John
Moores University, Liverpool, UK

3Glasgow Caledonian University, Glasgow,
UK

“Public Health Scotland, Glasgow, UK

SPopulation Health Sciences, Bristol
Medical School, University of Bristol,
Bristol, UK

Correspondence

Megan Bardsley, National Infection
Service, Public Health England, London,
UK.

Email: megan.bardsley@phe.gov.uk

Funding information

This study is funded by the National
Institute for Health Research (NIHR)
Programme Grants for Applied Research
programme (Grant Reference Number
RP-PG-0616-20008). The views
expressed are those of the author(s) and
not necessarily those of the NIHR or the
Department of Health and Social Care

Abstract

Direct-acting antiviral (DAA) therapy for anybody with viraemic HCV infection has
been scaled-up in England since 2017. To assess early impacts, we investigated trends
in, and factors associated with, HCV viraemia among people who inject drugs (PWID).
We also examined trends in self-reported treatment access. Bio-behavioural data from
an annual, national surveillance survey of PWID (2011-2018) estimated trends in virae-
mic prevalence among HCV antibody-positive PWID. Multivariable logistic regression
identified characteristics independently associated with viraemia. Trends in treatment
access were examined for PWID with known infection. Between 2011 and 2016, virae-
mic prevalence among antibody-positive PWID remained stable (2011, 57.7%; 2016,
55.8%) but decreased in 2017 (49.4%) and 2018 (50.4%) (both p < 0.001). After ad-
justment for demographic and behavioural characteristics, there remained significant
reduction in viraemia in 2017 (adjusted odds ratio [aOR] 0.79, 95% Cl 0.65-0.94) and
2018 (aOR 0.79, 95% Cl 0.66-0.93) compared to 2016. Other factors associated with
viraemia were male gender (aOR 1.68, 95% Cl 1.53-1.86), geographical region, inject-
ing in past year (aOR 1.26, 95% CI 1.13-1.41), imprisonment (aOR 1.14, 95% Cl 1.04-
1.31) and homelessness (aOR 1.17, 95% Cl 1.04-1.31). Among non-viraemic PWID
with known infection, the proportion reporting ever receiving treatment increased in
2017 (28.7%, p < 0.001) and 2018 (38.9%, p < 0.001) compared to 2016 (14.5%). In
conclusion, there has been a small reduction in HCV viraemia among antibody-positive
PWID in England since 2016, alongside DAA scale-up, and some indication that treat-
ment access has improved in the same period. Population-level monitoring and focus

on harm reduction is critical for achieving and evaluating elimination.

Abbreviations: aOR, Adjusted Odds Ratio; DAA, Direct-acting antivirals; EPIToPe, Evaluation of the Population Impact of HCV DAA Treatment as prevention for PWID; HBV, Hepatitis B
virus; HCV, Hepatitis C virus; MICE, Multiple Imputation by Chained Equations; NIHR, National Institute for Health Protection; OR, Odds Ratio; PWID, People Who Inject Drugs; UAM,
Unlinked Anonymous Monitoring; WHO, World Health Organisation.
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1 | INTRODUCTION

The global prevalence of hepatitis C virus (HCV) infection is esti-
mated at 1%' and disproportionately affects people who inject
drugs (PWID).Z* In England, injecting drug use is cited as the risk
in over 90% of laboratory reports where a risk factor has been dis-
closed.’ Severe outcomes such as liver cirrhosis and hepatocellular
carcinoma contribute to the high economic and health burden of this
disease.®

The World Health Organisation's (WHO) target to eliminate HCV
as a public health threat by 2030 became a possibility in 2011, with
the development of highly effective and tolerable direct-acting an-
tiviral (DAA) therapies.®™'° Mathematical modelling has shown that
alongside strengthening of harm reduction services, such as nee-
dle and syringe programmes (NSP) and opioid substitution therapy
(OST), major scale-up of DAA therapies for PWID is required to meet
elimination targets.'*"#

In 2015, the English National Health Service (NHS) announced
their then single largest investment in new treatment, with a bud-
get of £190 million to fund DAA therapies prioritized for patients
with severe liver disease.’® The restriction on disease stage was
lifted in 2017 and since then treatment is recommended for all those
with viraemic HCV infection.>*®” To drive improvements in access
and uptake in local areas, regional operational delivery networks
(ODNs) are being utilized to manage HCV treatment decisions and
prescribing via a dispersed treatment model.*®*? ODNs provide a
uniform standard of quality treatment, but work in partnership with
healthcare providers and local organizations including primary care
services, local authorities and services for PWID to meet local pri-
orities and need.}”"'? A national treatment database has also been
developed by NHS England to track HCV treatment uptake and out-
comes.*®Y Testing for HCV is available in primary care, sexual health
clinics and community drug and alcohol services, and more recently
has been expanded to community pharmacies.20 Solidifying its com-
mitment to these above efforts, in 2018, NHS England set out plans
to be the first country in the world to eliminate HCV.1

As countries push towards elimination goals, ‘real-world’ data on
the impact of scaling up HCV DAA therapies among PWID are re-
quired to track progress or pitfalls. However, few countries are able
to measure population-level changes in HCV viraemia among PWID
due to lack of robust data sources.”?! England is one of the few
countries in a position to do so, having a long-standing national sur-
veillance system utilizing an annual cross-sectional bio-behavioural
survey that monitors blood-borne viruses and associated risk be-
haviours among PWID.%?

We aim to assess the early impact of DAA scale-up in England

by examining changes in HCV viraemia among antibody-positive

PWID between 2011 and 2018. We also examine factors associated
with HCV viraemia and assess self-reported HCV treatment access

among those eligible.

2 | MATERIALS AND METHODS

2.1 | Datasource
2.1.1 | The unlinked anonymous monitoring
survey of PWID

Data were analysed from the Unlinked Anonymous Monitoring
(UAM) Survey of PWID, a national surveillance survey across
England, Wales (since 1990) and Northern Ireland (since 2002). The
methods of the UAM Survey have been previously described,?3%
but in brief, PWID recruited through specialist services for people
who use drugs are asked to provide a dried blood spot (DBS) sam-
ple and self-complete a demographic and behavioural questionnaire.
The questionnaire is linked to the DBS sample, but unlinked from
any personal identifying information. Participants are eligible if they
have ever injected psychoactive drugs and have not already partici-
pated in the same calendar year. Approximately 2,000-3,000 PWID
from over 60 sites participate in the UAM Survey each year; recruit-
ment of sites aims to be reflective of the geographical distribution
of PWID across England, Wales and Northern Ireland.?® The UAM
Survey has ethical approval from Public Health England (PHE) and
the London Research Ethics Committee (98/2/051).

2.2 | Laboratory testing

2.2.1 | Dried blood spot sample preparation

Dried blood spot samples collected as part of the UAM Survey of
PWID are tested for antibodies to HIV (anti-HIV), hepatitis C (anti-
HCV) and hepatitis B core antibody (anti-HBc). Presence of antibody
indicates a history of infection. For this study, HCV RNA testing to
indicate current infection (ie HCV viraemia) was only performed on
anti-HCV-positive samples. Additional funding from the National
Institute for Health Research (NIHR) has facilitated evaluation of the
population impact of HCV DAA treatment as prevention for PWID
(the EPIToPe project).?” EPIToPe?’ funded historic testing of anti-
HCV-positive samples collected between 2011 and 2016; testing
after 2016 was, and continues to be, funded by PHE. All laboratory
testing is carried out at the Virus Reference Department at PHE,

Colindale, using previously reported methods.?®
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2.2.2 | Lysis and extraction

RNA testing involved elution from the DBS by lysing a 6 mm spot for
2 h at 56°C with 20 pl of proteinase K and 300 pl of ATL lysis buffer
(Qiagen products: 19133 and 19076). The entire eluate was extracted
on the Qiagen Qiasymphony platform using the Qiasymphony DSP
Virus/Pathogen mini kit (Qiagen product: 937036) and ‘cell-free
V6/7 DSP default IC’ protocol. Bacteriophage MS2 was added as the
internal control.

2.2.3 | Amplification and detection

The qualitative PCR targets the non-coding region of the HCV ge-
nome using the ABI 7500 real-time thermal cycling with Qiagen
TagMan-PCR reagents. The multiplex real-time PCR detects
both HCV and MS2 with differently labelled TagMan probes.
Amplification was performed using 20 ul of extract in a 50 pl vol-
ume containing 25 pl of QuantiTect Q RT-PCR mastermix, 3.5 pl
of nuclease-free water, 0.5 ul of QuantiTect RT enzyme and 1 pl
of HCV Tagman primer/probe mix (20 pmol of HCV primers (HCV
primer 1, HCV primer 2), 5 pmol MS2 primers (MS2 primer 1, MS2
primer 2), 10 pmol of HCV probe and 5 pmol MS2 probe (Applied
Biosystems & Metabion)). The primer and probe sequences are
provided in Table S1. The reaction mixture was amplified using
the following cycling conditions: 50°C for 30 min for the RT step
followed by 95°C for 15 min and amplification for 45 cycles at
95°C for 15 s and 60°C for 1 min. Amplification and detection of
HCV RNA and MS2 were done using ABI PRISM 7500 Sequence
Detection System.

2.3 | Statistical methods

2.3.1 | Inclusion criteria

Participants recruited into the UAM Survey of PWID from sur-
vey years 2011-2018 inclusive from England only were included
(87.9% of the total sample from across England, Wales and
Northern Ireland). Individuals with missing age or gender on the
questionnaire were excluded from analyses, as well as HIV-positive
individuals (due to the potential effect of HIV on the anti-HCV an-
tibody response?’). Samples that could not be tested for anti-HCV
(because of poor sample quality/insufficient blood volume) were

excluded.

2.3.2 | Outcome measure

The outcome for the main analyses was viraemic infection, defined
as having an anti-HCV-positive and an HCV RNA-positive DBS sam-
ple test result. Analyses were conducted only among those anti-
HCV positives.

2.3.3 | Classifying pre-DAA and post-DAA years
The HCV DAA treatment programme, funded by NHS England spe-
cialized commissioning, was introduced in 2014 for compassionate
use for patients with end-stage liver disease, and in 2015 for pa-
tients with moderate or severe liver disease (evidence of advanced
fibrosis or cirrhosis). DAA treatments were not made widely avail-
able to those with milder disease or no fibrosis until 2017 (when re-
strictions on disease stage were lifted). To reflect this, 2011-2016
were considered to be ‘pre-DAA’ years and 2017-2018 as the ‘post-
DAA’ years.

2.3.4 | Multiple imputation

Multiple imputation by chained equations (MICE) was performed
to assign either an RNA-positive or an RNA-negative status to
anti-HCV-positive samples that were insufficient for RNA testing.
Missing data were assumed to be missing at random, such that un-
biased imputed values could be obtained conditional on observed
covariates. Survey year, age, gender, region, history of homeless
and imprisonment, country of birth, hepatitis B (HBV) vaccination
history and HBV status were used as predictors in the imputation
model, and ten imputed data sets were generated. A sensitivity anal-
ysis compared the results from MICE to results from non-imputed
data. An additional sensitivity analysis was conducted to include ob-
servations for which antibody status was missing (excluded in main

analyses) on the basis of the same imputation model.

2.4 | Statistical analyses

Several demographic and behavioural variables were selected from
the UAM Survey of PWID questionnaire and investigated as risk
factors for viraemia based on prior literature and hypothesized vari-
ables of interest. Age was categorized as binary (<35-year and 235-
year) and geographical region (East of England, London, South East,
South West, East Midland, West Midlands, North East, North West
and Yorkshire and Humber).

Factors associated with viraemic infection among those anti-
HCV positive were explored using multivariable logistic regression.
All variables that had a significant univariable association (Wald
p < 0.05) with the outcome were added into the multivariable model.
Using a backward stepwise approach, a covariate was removed if
this (a) did not impact greater than +10% change in effect estimate
of any other variable in the model, and (b) was deemed appropriate
by a likelihood ratio test (p > 0.05). Variables that were kept in as
confounders a priori were geographical region, gender, age and in-
jecting in the past year. This modelling approach was performed on
complete-case data, and then, the final model applied to the multiple
imputed data set.

To quantify differences in viraemia between regions, a simpler
model was fitted comparing the 2017-18 period with 2015-16 and
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estimated the change in prevalence in each region, whilst controlling
for age, sex and other variables included in the main model. Periods
were defined in 2-year blocks rather than individual years to in-
crease power and provide a single estimate of prevalence change
over time for each region. A similar approach was used to compare
prevalence in 2015-16 and 2017-18 across other subgroups, includ-
ing age group, gender, injected in last year (yes/no), ever in prison
(yes/no) and ever homeless (yes/no). Differences in trends were as-
sessed by the significance of the interaction between the period and
subgroup variables.

All analyses were conducted on the multiple imputed data sets
using Stata 13 (College Station, TX: StataCorp LP). Summary statis-
tics and proportions were calculated by taking the average across
imputed data sets. Statistical tests of differences in proportions and
trends over time were conducted using logistic regression, with re-
sults combined across imputed data sets to appropriately account
for within- and between-imputation variability according to Rubin's
rules.

2.5 | Treatment access
Participants who reported ever testing positive for HCV were asked
if they had ever received treatment for their HCV infection; this
response was combined with infection status from DBS testing.
A cleared infection result (anti-HCV positive, HCV RNA negative)
among people who self-reported ever receiving treatment was as-
sumed to be reflective of successful access to treatment.
Descriptive trends in the proportion of those with non-viraemic
(cleared) infection who reported ever receiving treatment were pre-
sented for 2011-2018. This was not included in analytical modelling

due to treatment being on the causal pathway to infection status.

3 | RESULTS

3.1 | Characteristics of the study population

There were a total of 20,637 responses from PWID in England who
completed a questionnaire and provided a DBS sample between
2011-2018; after excluding those with missing demographics
(n = 585), those HIV-positive (n = 229) or not tested for anti-HCV
(n =835), a total of 19,039 responses were included from 138 unique
study sites (Figure S1).

Among all survey participants included, 73.2% were male and 63.7%
were aged 35 or over (Table 1). The North West had the largest number
of responses (15.5%) followed by London (14.2%). The majority reported
having ever been tested for HCV (84.1%) and having first injected more
than 3 years preceding the survey (90.7%). Most respondents had in-
jected in the last year (71.3%). There were high rates of history of impris-
onment and homelessness (69.5% and 76.2%, respectively).

A total of 9,650 samples (50.7%) had an anti-HCV-positive test
result and were included in the main analysis. Unadjusted anti-HCV
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prevalence increased each year between 2011 and 2018 (test for
trend p < 0.001), rising from 44.7% to 55.3%, respectively (Table 1,
Figure 1A). The exclusion of samples not tested for anti-HCV had no
impact on these results (Table S2a) or on subsequent multivariable
results (Table S2b).

3.2 | Factors associated with HCV viraemia
In the adjusted model, HCV viraemia among those anti-HCV posi-
tive was associated with survey year (see ‘trends in HCV viraemia’
section), male gender (adjusted odds ratio [aOR] 1.68, 95% confi-
dence interval [CI] 1.53-1.86), region (Yorkshire and Humber: aOR
1.29, 95% ClI 1.04-1.60; North East: aOR 0.72, 95% Cl 0.56-0.92;
both compared to East of England), having injected in the past year
(aOR 1.26, 95% Cl 1.13-1.41), history of imprisonment (aOR 1.14,
95% Cl 1.01-1.29) and history of homelessness (aOR 1.17, 95% ClI
1.04-1.31) (Table 2).

Of the anti-HCV-positive samples available for 2011-2018,
n = 1,167 (6.1%) were insufficient for HCV RNA testing and had an
RNA result imputed. A sensitivity analysis comparing these findings
to a multivariable model without imputation showed no differences
in significant associations (Table S3).

3.3 | Trendsin HCV viraemia

Between 2011 and 2016, the prevalence of viraemia among
antibody-positive PWID in England remained stable, at around
56.5% (p = 0.275) (Table 1, Figure 1B). The prevalence of virae-
mic infection among antibody positives then fell in 2017 to 49.4%
(p = 0.006) and then remained similar (p = 0.68) in 2018 at 50.4%.

After adjustment for demographic and behavioural character-
istics, respondents in 2017 and 2018 had significantly lower odds
of viraemia compared with those in 2016 (2017: aOR 0.79, 95% Cl
0.65-0.94, 2018: aOR 0.78 95% Cl 0.66-0.93) (Table 2).

Trends in the proportion with viraemic infection differed be-
tween regions. There was evidence for differences in viraemia in
2017-18 compared to 2015-16 in London, South East and West
Midlands, with all three having lower odds of viraemia in 2017-18
compared to 2015-16 (Table 3, Figure 2). There was some within-
period variability in 2017-18 for London, West Midlands and the
North East (Figure 2). We found no evidence of differences in trends
according to other subgroups (gender, age, injecting in past year, his-
tory of imprisonment and homelessness, minimum p-value = 0.161,

data not shown).

3.4 | HCV treatment uptake

Among those with cleared infection and for whom treatment evi-
dence was available, the proportion of participants who reported
ever receiving HCV treatment increased in the post-DAA era (2017:
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TABLE 1 Demographic and behavioural characteristics of the study population, including number anti-HCV positive and HCV RNA
positive

Chronic HCV infection (among

Total sample characteristics Number anti-HCV positive those anti-HCV positive)
(N =19,039) (N =9,650) (N=4,761)
Variable n % (col) n % (row) n? % (row)®
Demographic
Year
2011 2,359 (12.4) 1,054 (44.7) 527 (57.7)
2012 2,807 (14.7) 1,366 (48.7) 694 (57.5)
2013 2,687 (14.1) 1,338 (49.8) 670 (55.6)
2014 2,587 (13.6) 1,296 (50.1) 663 (56.8)
2015 2,240 (11.8) 1,159 (51.7) 562 (55.5)
2016 2,183 (11.5) 1,161 (53.2) 595 (55.8)
2017 2,006 (10.5) 1,077 (53.7) 484 (49.4)
2018 2,170 (11.4) 1,199 (55.3) 566 (50.4)
Gender
Female 5,106 (26.8) 2,556 (50.1) 1,042 (44.8)
Male 13,933 (73.2) 7,094 (50.9) 3,719 (58.6)
Age (years)
<35 6,907 (36.3) 2,657 (38.5) 1,339 (54.8)
235 12,132 (63.7) 6,993 (57.6) 3,422 (55.0)
Region
East of England 1,365 (7.2) 585 (42.9) 251 (52.6)
London 2,704 (14.2) 1,595 (59.0) 773 (56.7)
South East 2,200 (11.6) 1,252 (56.9) 648 (55.3)
South West 2,086 (11.0) 982 (47.1) 500 (54.2)
West Midlands 2,026 (10.6) 749 (37.0) 397 (56.0)
North West 2,946 (15.5) 1,903 (64.6) 921 (55.1)
Yorkshire & Humber 2,108 (11.1) 1,104 (52.4) 601 (59.7)
East Midlands 1,960 (10.3) 895 (45.7) 433 (52.0)
North East 1,644 (8.6) 585 (35.6) 237 (46.4)
Birthplace
Non-UK 1,219 (6.5) 716 (58.7) 386 (59.0)
UK 17,446 (93.5) 8,742 (50.1) 4,286 (54.6)
Behavioural
Ever had an HCV test
No 2912 (15.9) 798 (27.4) 400 (57.1)
Yes 15,412 (84.1) 8,519 (55.3) 4,198 (54.8)
Recent initiate (in past 3 years)
No 16,729 (90.7) 8,983 (53.7) 4,441 (55.0)
Yes 1,718 (9.3) 424 (24.7) 207 (54.0)
Injected drugs in the past year
No 5,229 (28.7) 2,303 (44.0) 1,027 (50.6)
Yes 12,986 (71.3) 6,918 (53.3) 3,529 (56.4)
Injected crack in the past month®
No 8,091 (64.0) 3,740 (46.2) 1,818 (54.4)
Yes 4,561 (36.1) 3,012 (66.0) 1,627 (59.1)

(Continues)
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Chronic HCV infection (among

Number anti-HCV positive those anti-HCV positive)

(N =19,039)

Variable n % (col)
Ever been in prison

No 5,655 (30.5)

Yes 12,870 (69.5)
Ever been homeless

No 4,417 (23.8)

Yes 14,162 (76.2)
Ever had transactional sex?

No 15,489 (87.2)

Yes 2,281 (12.8)
Clinical
Hepatitis B (ever infected)

No 16,380 (86.2)

Yes 2,633 (13.9)
Had hepatitis B vaccination

No/not sure 4,903 (26.6)

Yes 13,563 (73.5)

(N =9,650) (N=4,761)

n % (row) n? % (row)®
2,020 (35.7) 892 (49.2)
7,368 (57.3) 3,743 (56.5)
1,751 (39.6) 790 (49.8)
7,674 (54.2) 3,868 (56.1)
7,674 (49.5) 3,823 (55.6)
1,264 (55.4) 572 (50.1)
7,474 (45.6) 3,762 (55.3)
2,160 (82.0) 991 (53.7)
2,078 (42.4) 1,086 (58.5)
7,528 (53.5) 3,527 (53.9)

Note: Missing data in total sample: Birthplace (401), ever had an HCV test (756), recent initiate (610), injected in past year (862), injected crack in past
month (334), ever been in prison (552), ever been homeless (495), ever had transactional sex (1,330), HBV infection (26) and HBV vaccination (573).

*The number with chronic infection excludes samples missing RNA status.

®The denominator for chronic infection percentages includes samples missing RNA that had data imputed with multiple-imputation by chain

equations (MICE).
‘Among those who injected (any drug) in the past year.

“Transactional sex is defined as ever receiving money, goods or drugs in exchange for sex.

28.7%, OR 1.39, 95% Cl 1.15-1.67; 2018: 38.9%, OR 1.59, 95% ClI
1.32-1.91; both compared to 2016) (Table 4).

4 | DISCUSSION

These analyses of national bio-behavioural surveillance data show
that there has been a slight decline in the prevalence of viraemic
HCV infection among ever-infected PWID, associated with a sub-
stantial increase in HCV treatment uptake in England, since the
scale-up of DAA treatments provided through the NHS. Participants
who have evidence of viraemic HCV infection tended to be male,
recent injectors (in past year) and have a history of homelessness
or incarceration. We found some evidence of regional variability
in trends in HCV viraemia, although this must be interpreted with
caution.

There have been only two other studies to use national surveil-
lance data to examine the population-level impact of HCV treatment
scale-up among PWID. In Scotland, recent findings from a similar
bio-behavioural survey demonstrate that rapid scale-up of DAAs
in 2017 through community drug services succeeded in increasing
treatment uptake and reducing viraemic prevalence in the Tayside

‘intervention’ region more so than the rest of Scotland. HCV virae-
mia among PWID ever infected in Scotland fell from 67% in 2015-16
to 55% in 2017-18, but this was more pronounced in Tayside (58%
to 44%) compared to the rest of Scotland (65%-55%). In the same
time, treatment uptake (ever) in Scotland increased from 17%-38%
(35%-65% in Tayside and 17%-40% in the rest of Scotland). Whist it
is difficult to directly compare English and Scottish results—namely
because England has no defined ‘intervention’ site and we primarily
present data at the national level—both Scotland and England ob-
served a similar downward trend in HCV viraemic prevalence after
DAA scale-up. However, English data are reflective of the impact
of at least two full years post-DAA roll-out, whereas data collected
from Scotland (in 2017-18) reflect approximately 1 year of DAA
scale-up (which occurred from 2017). It is relevant to note here that
the choice of 2016 as the baseline year in our analyses was taken to
reflect when DAAs became more widely available. However, in prac-
tice, a small subset of patients were treated from as early as 2014
when DAAs were first commissioned by NHS England.®° It is possi-
ble, therefore, that we have underestimated the decline in viraemia
in PWID in England's ‘post-DAA era’. Australia has also measured
the population impact of DAA scale-up where unrestricted access
to DAA was introduced in 2016; between 2015 and 2017, treatment
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FIGURE 1 Prevalence of chronic and cleared HCV infection among PWID in England, 2011-2018. Figures present (A) HCV antibody
positives only and (B) all respondents. HCV, hepatitis C infection; PWID, People who inject drugs. Antibody-positive samples that were
missing RNA had data imputed with MICE
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TABLE 2 0Odds of chronic HCV infection among antibody-positive PWID in England; results from logistic regression with MICE

Univariable Multivariable
Variable OR 95% CI p-value aOR 95% CI p-value
Demographic
Year
2011 1.08 0.90 - 1.30 0.39 1.04 0.87 - 1.25 0.80
2012 1.07 0.90 - 1.27 0.42 1.04 0.87 - 1.24 0.66
2013 0.99 0.84 - 1.17 0.92 0.99 0.84 - 1.16 0.87
2014 1.04 0.88 - 1.24 0.62 1.02 0.86 - 1.22 0.79
2015 0.99 0.83 - 1.17 0.91 0.98 0.83 - 1.17 0.83
2016 - - - - - -
2017 0.78 0.65 - 0.93 0.01 0.79 0.65 - 0.94 0.01
2018 0.80 0.68 - 0.95 0.01 0.78 0.66 - 0.93 0.01
Gender
Female = = = = = =
Male 1.74 1.58 = 191 0.00 1.68 1.53 = 1.86 0.00
Age (years)
<35 - - - - - -
235 1.01 0.92 - 111 0.89 0.96 0.86 1.06 0.41
Region
East of England - - - - - -
London 1.18 0.97 = 1.45 0.10 1.22 0.99 = 1.50 0.06
South East 111 0.90 = 1.38 0.32 1.07 0.86 = 1.33 0.53
South West 1.07 0.86 = 1.33 0.55 1.00 0.80 = 1.24 0.97
West Midlands 1.15 0.91 = 1.44 0.23 1.11 0.88 = 1.39 0.40
North West 111 0.91 = 1.35 0.32 1.09 0.89 = 1.33 0.41
Yorkshire & 1.33 1.08 = 1.65 0.01 1.29 1.04 = 1.60 0.02
Humber
East Midlands 0.98 0.79 = 1.21 0.83 0.89 0.71 = 1.10 0.28
North East 0.78 0.61 = 1.00 0.05 0.72 0.56 = 0.92 0.01
Birthplace
Non-UK - - -
UK 0.83 0.71 0.98 0.03
Behavioural

Injected drugs in the past year
No = = = = = =
Yes 1.26 1.14 = 1.39 0.00 1.26 1.13 = 1.41 0.00
Injected crack in the past month?®
No - - -
Yes 1.22 1.10 - 1.34 0.00
Ever been in prison
No = = = = = =
Yes 1.34 1.20 = 1.50 0.00 1.14 1.01 = 1.29 0.03
Ever been homeless
No - - - - - -
Yes 1.29 1.15 - 1.44 0.00 1.17 1.04 - 1.31 0.01

Recent initiate (in past 3 years)

(Continues)
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TABLE 2 (Continued)
Univariable Multivariable
Variable OR 95% CI p-value aOR 95% CI p-value
No = -
Yes 0.96 0.78 1.17 0.68

Ever had transactional sex”
No - -
Yes 0.80 0.71 0.91

Abbreviations: aOR, adjusted Odds Ratio; Cl, Confidence Interval.

0.00

2Among those who injected (any drug) in the past year. Antibody-positive samples that were missing RNA had data imputed with MICE.

PTransactional sex is defined as ever receiving money, goods or drugs in exchange for sex.

TABLE 3 0Odds of chronic HCV infection among antibody-
positive PWID by region in 2015/16 and 2017/18; results from
logistic regression with MICE

2017/2018 (compared to 2015/16)

Region aOR 95% CI p-value
East of England 1.19 0.75 - 1.88 0.46
London 0.57 0.41 = 0.80 0.00
South East 0.68 0.49 - 0.95 0.02
South West 0.98 0.68 = 1.43 0.94
West Midlands 0.61 0.39 - 0.98 0.04
North West 0.93 0.70 = 1.23 0.60
Yorkshire & Humber 0.80 0.54 - 1.19 0.27
East Midlands 0.79 0.51 = 1.20 0.26
North East 1.10 0.62 - 1.92 0.75

Note: Adjusted for gender, age, injecting in past year, history of
imprisonment and homelessness.

Antibody-positive samples that were missing RNA had data imputed
with MICE.

uptake (ever) among Australian PWID quadrupled (from 10% to
41%), and viraemic prevalence almost halved (from 43% to 25%).

It is encouraging that increased treatment provision with DAA
therapies (+131% in tax year 2018 to 2019 compared to pre-2015
levels®) are beginning to make an impact on reducing the burden of
HCV in England. Our finding of a reduction in HCV viraemia is cor-
roborated by NHS Blood and Transplant Service data showing the
number of liver transplant registrations and operations undertaken
for HCV-associated cirrhosis and hepatocellular carcinoma fell by
44% and 29% in 2018, respectively, when compared to pre-2015
levels,® and this is evidence of early impact of DAAs on transplants
was also observed in a data linkage study of HCV diagnosed indi-
viduals.3* There has also been a 20% fall in HCV-related deaths
in England between 2015 and 2018, exceeding the WHO target
3 years early and twofold.®*? However, these are only early signs
of improvement, and there is evidence to suggest the number of
new infections may have risen in 2018.° Our study shows that the
number of PWIDs ever exposed to HCV infection continues to rise,

indicative that it may be effective treatment, more than successful

prevention that is currently controlling HCV viraemia in the PWID
population.

Unless the coverage and intensity of primary prevention inter-
ventions increases, there will be re-infections after successful DAA
treatment.>® A multifaceted approach including harm reduction,
testing and linkage to care in addition to treatment is required, and
there is much progress to be made; the current proportion of PWID
reporting adequate needle and syringe provision in England, Wales
and Northern Ireland is suboptimal (64% of respondents in the 2018
UAM Survey?®) and this is especially concerning given the lack of
improvement in and high levels of reported sharing of injecting par-
aphernalia (39% of current PWID reported sharing equipment in
2018%%). Our study demonstrates that the majority of PWID with
past infection did not receive treatment for their HCV, even as re-
cently as 2018. Specific commitments to strengthen and expand
NSP, OST and other harm reduction services are needed. Moreover,
a move towards ‘non-traditional’ prevention pathways that involve
peer-support mechanisms will be required to reach PWID who are
less likely to seek out health care and to ensure they are supported
along the full care pathway. Innovations such as outreach treatment
models have previously demonstrated the power of decentralization
of care into community-based settings.34~%’

Our findings from multivariable analyses showing that viraemic
infection is often associated with history of homelessness and in-
carceration are consistent with previous literature.?23:28,38-41 Being
exposed to these risks could be significant drivers of transmission,
and there is an opportunity for individual and public health bene-
fits to target individuals in these underserved and marginalized
communities. Prison- and shelter-based harm reduction interven-
tions (including OST and NSP), effective linkage to prevention and
treatment services before, during and after prison release, and
community-based peer workers have been shown to reduce inject-
ing risk, increase treatment uptake and do not result in increased
drug use.®*%2 However, the current indication is that improve-
ments to implementation of these interventions are needed in order
for prison and shelter settings in England to be able to adequately
support HCV elimination.??4%4243 Changes to funding structures,
peer-support systems and policies are required in order to reduce
the burden of HCV infection among PWID in these settings.
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FIGURE 2 Prevalence of chronic HCV infection among antibody-positive PWID in England, 2015 to 2018, by region. HCV, hepatitis C
infection; PWID, People who inject drugs. TRegions with significant difference between 2017/18 and 2015/16: London, South East, West
Midlands. $Regions with significant within-period variability for 2017/18: London, West Midlands, North East. No regions had within-period
variability for 2015/16. Antibody-positive samples that were missing RNA had data imputed with MICE

TABLE 4 Estimates of treatment-induced viral clearance among individuals with cleared HCV infection who were not missing data on

self-reported treatment history

Number with cleared HCV and

Year data on treatment history HCV treatment
2011 4,164 19.7%
2012 5,455 23.1%
2013 5,610 14.8%
2014 4971 10.5%
2015 4,800 17.7%
2016 (base) 4,804 14.5%
2017 4,274 28.7%
2018 5,026 38.9%

The data source for this study, a repeated, cross-sectional and
bio-behavioural survey of PWID, is one of only four of its kind glob-
ally.”?*** The UAM Survey is nationally representative,?® and the
data used in this analysis utilized large annual samples of over 2,000
PWID. However, we acknowledge several limitations. Firstly, there
will be sampling variability between years, which could explain some
differences in HCV infection status between the survey years. The
region-specific results in particular may be affected by changes
in recruitment sites over time and sampling variability; the results
presented here should not be interpreted as treatment ‘working’
or not in particular areas. Elimination initiatives are locally deter-
mined and driven by epidemiological intelligence, priorities, clinical
capacity and funding; there is no centralized and publicly available

Proportion ever receiving

Odds of receiving

HCV treatment 95% Cl P-value
1.18 0.98 - 1.42 0.08
1.24 1.04 - 1.47 0.02
0.98 0.83 - 1.16 0.86
1.05 0.88 - 1.25 0.60
1.06 0.89 - 1.26 0.53
1.00 - -

1.39 1.15 - 1.67 0.00
1.59 1.32 - 191 0.00

summary of regional projects. Variation can be reasonably assumed
to be intrinsic to this elimination approach in England and is likely to
reflect a range of factors, including urban and rural difference (eg
East of England predominantly rural region whilst London is almost
all urban) and local and regional variations in service delivery and
innovation (eg Find and Treat Van in London delivering HCV test-
ing and treatment in this region only). Whilst there was no evidence
that trends differed according to age, sex, recent injecting behaviour,
homelessness and imprisonment, there is little power to detect dif-
ferences in what is, so far, a modest trend.

Secondly, the behavioural data are self-reported and therefore
may be subject to social desirability and recall bias. Moreover, de-
tailed information on injecting risk behaviours was not available, as
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these data are only collected for those who had injected during the
month prior to participation, which limits interpretation and testing
for differential intervention effects by intensity of injecting risk.
Thirdly, the data on HCV treatment uptake are self-reported and
not validated, and represent ever receiving treatment, which should
be interpreted with caution, as it reflects perception of care at any
point during the individual's HCV infection. We cannot discriminate
whether DAA or other therapies were given, although the UAM
survey has been modified in 2020 to capture more specific data on
HCV treatment. We also cannot comment on reinfection after suc-
cessful HCV treatment as this information is not currently directly
captured through the UAM Survey, although there are plans to col-
lect this in future. Fourthly, the eligibility criteria of the UAM Survey
prevent people participating multiple times in 1 year, but due to its
anonymous nature those people who participate in more than 1 year
cannot be linked over time. Finally, it is possible that antibody and
viraemic prevalence in this study is not representative of the gen-
eral population of PWID due to the sampling method; respondents
are only those already in contact with specialist drug or alcohol
services.* We also excluded a small number of HIV-positive peo-
ple from analyses, as HIV and HCV-coinfected people may remain
HCV-seronegative.?’ Whilst numbers excluded each year were con-
sistently small, it is possible that HCV prevalence and self-reported
treatment may be different among this excluded group compared to
people who are HIV-negative.

In conclusion, our study adds to the scarce availability of ‘real-
world’ evidence demonstrating that scaling up DAA treatments
can lead to reduced HCV viraemic prevalence among PWID. We
show treatment uptake has improved in England in recent years
but is still suboptimal. There are many challenges that lie ahead
for HCV elimination, and whilst revolutionary, DAA treatment is
only one element of a comprehensive elimination package. Radical
changes to support collaborative work on prevention, testing and
linkage to care among PWID is necessary, which will only become
more important in light of the impact of the COVID-19 pandemic
and its associated restrictions that have negative impacts on ser-
vice provision and access to harm reduction, testing and treat-
ment.**%” Future rounds of the UAM Survey will be critical to be
able to evaluate our continued progress towards HCV elimination

targets.
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