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Background: There is some concern that hepatitis C virus (HCV) reinfection might

L . However, there is a limited understanding of reinfection incidence in the context of
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0.54-0.91).

KEYWORDS

1 | BACKGROUND

Hepatitis C virus (HCV) reinfection has been reported among gay
and bisexual men and other men who have sex with men (GBM) with
HIV gIobaIIy.1 Prior to the availability of direct acting antivirals (DAA)
to treat HCV infection, reinfection incidence estimates ranged from
2.9 per 100 person years (100PY) in San Diego? to 15.2/100PY in
Amsterdam.® In a pooled analysis of four Australian HCV treatment
studies conducted between 2004 and 2015, reinfection incidence
was reported to be 10.3/100PY among people with HIV; 7 of 10
reinfections were among GBM.*

Due to the high reinfection incidence estimates prior to the avail-
ability of DAA treatment, there is some concern that reinfection in
the DAA era might hamper elimination efforts. However, there re-
mains heterogeneity in reinfection incidence rates among GBM with
HIV who are treated with DAAs. Australian cohort and treatment
studies reported reinfection rates of 1.05/100PY and 2.5/100PY,
respectively.>® Among people attending a HIV clinic in San Diego,
reinfection incidence was reported to be 2.4/100PY overall but
higher at 4.4/100PY among GBM.” In a German study from four HIV
treatment centres the rate of reinfection incidence was 6.4/100PY.%

While these results suggesting lower reinfection incidence in
some settings are encouraging, these studies were from the early
years of DAA availability. The longer-term impact of DAA scale-up
and resultant reduction in HCV RNA prevalence®? on reinfection in-
cidence remains largely unknown.

To the best of our knowledge, there are only two studies, both
from Western Europe, that have examined HCV reinfection over
time among GBM with HIV. In The Netherlands, HCV reinfection
incidence was 4.1/100PY in 2016, declining to 1.1 per/100PY in
2019.1° Reinfection incidence also declined in Switzerland, from
2.9/100PY in 2014, to zero in 2019.*

HCV direct acting antiviral (DAA) treatment was listed on the
Pharmaceutical Benefits Scheme, part of Australia's universal health-
care system, on 1st March 2016 with no restrictions to treatment
based on liver disease or substance use.? In addition, prescription

ranted to sustain this.
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Results: Among 12213 GBM with HIV who had at least one HCV test, 540 were
included in the reinfection incidence analysis, of whom 38 (7%) had evidence of re-
infection during the observation period. Over 1124 person-years of follow-up, the
overall rate of reinfection was 3.4/100PY (95% CIl 2.5-4.6). HCV reinfection inci-

dence declined on average 30% per calendar year (Incidence Rate Ratio 0.70, 95% Cl
Conclusion: HCV reinfection incidence has declined among GBM with HIV in Australia

since government-funded unrestricted DAAs were made available. Ongoing HCV

RNA testing following cure and prompt treatment for anyone newly diagnosed is war-

Australia, gay and bisexual, hepatitis C, HIV, reinfection

Key points

Hepatitis C reinfection has been reported globally among
gay and bisexual men with HIV and there has been some
concern that this might hamper elimination efforts.
However, there are limited national level data on reinfec-
tion following widespread availability of direct acting anti-
viral treatment. From 2016 to 2020, hepatitis C reinfection
incidence declined among gay and bisexual men with HIV in
Australia. This suggests a potential treatment as prevention
effect for hepatitis C reinfection among GBM with HIV.

was also allowed by general practitioners from this date and treat-
ment for reinfection was also government funded. In this context,
we aimed to examine HCV reinfection incidence trends from 2016
to 2020 among GBM with HIV attending primary care, sexual health
and tertiary outpatient infectious disease clinics across Australia.

2 | METHODS
2.1 | Datacollection

Data were drawn from the Australian Collaboration for Coordinated
Enhanced Sentinel Surveillance of Sexually Transmissible Infections
(STI) and Blood Borne Viruses (BBV; ACCESS) which has been de-
scribed in detail previously.'®'* ACCESS collates BBV and STI testing
and demographic data from clinics and laboratories, linking individu-
als' episodes of care over-time and between services participating
in ACCESS using unique nonidentifiable codes. Ethical approval
for ACCESS was received from the Alfred Hospital in Melbourne,
Victoria, University of Tasmania in Hobart, Tasmania and Menzies
School of Health Research in Darwin, Northern Territory. Ethical
reviews were also undertaken by community organisations
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representing key populations including GBM and people living with
HIV. The requirement for individual-level consent was waived by all
ethics committees.

In ACCESS data, GBM status among people with their gender
recorded as male is derived from one or more of; being recorded as
GBM in patient management systems, reporting one or more male
sex partners in behavioural surveys at sexual health clinics, or having
ever had a rectal STI swab for chlamydia or gonorrhoea recorded in
ACCESS.™ HIV status and date of HIV diagnosis among those clas-
sified as living with HIV was derived from linked HIV test results.

2.2 | Eligibility

For this study, included GBM with HIV had at least one qualitative
HCV RNA positive test or detectable viral load test (hereafter HCV
RNA test), followed by at least one negative HCV RNA test (indica-
tive of potential HCV treatment and cure) between 1st January
2012 and 30th December 2021. At least one or more HCV RNA
test between the observation period of 1st January 2016 and 30th
December 2020 was required to be included in the reinfection inci-
dence analyses. There were no restrictions on time between tests.
We limited the observation period to the end of 2020 to limit un-
certainly in estimates in the final year of data availability as people
were censored at their last HCV RNA test with no extra time added
and this may result in artificially inflated incidence rates.*® Testing his-
tory prior to the reinfection observation period was included for two
reasons. Firstly, some GBM may have been known to have established
chronic HCV, and as such may not have had additional HCV RNA test-
ing in close proximity prior to commencing DAA treatment (Figure S1).
Secondly, people who were treated and cured prior to DAA access are

part of the population potentially at risk of reinfection.

2.3 | Measuring reinfection

The outcome of an incident HCV reinfection was defined as a posi-
tive HCV RNA test following a negative HCV RNA test among peo-
ple who had a previously observed HCV RNA positive test.
Person-time for GBM began at the date of a first HCV RNA neg-
ative test following a positive RNA test. Censoring occurred if there
was a new positive HCV RNA test or at their last HCV RNA test

event recorded or at the end of the observation period.

2.4 | Evidence of treatment

In ACCESS, electronic prescription data are extracted where avail-
able, including retrospectively, but paper-based prescriptions are
not captured in ACCESS. In addition, as a de-identified surveillance
system, identifying people treated in ACCESS via clinical record au-
dits is not possible. As such, we defined evidence of HCV treatment
as either definitely treated or potentially treated.

People definitely treated were classified as GBM who had a pos-
itive HCV RNA test followed by a record of at least one electronic
HCV DAA prescription (Supplementary Methods) preceding their
subsequent HCV RNA negative test. Data on treatment duration
are not consistently captured and treatment completion data are
not captured in ACCESS. In real-world settings, there is consider-
able variation in the timing of test-for-cure follow-up RNA testing;
however, when tested, cure rates are high and unsuccessful treat-
ment attributable to viral relapse after a negative HCV RNA test is
uncommon.®?’ Therefore, these GBM were defined as successfully
treated and were included in the reinfection analyses from their first
HCV RNA negative test following their treatment prescription date
(Supplementary Methods Figure S2).

People potentially treated were classified using two HCV RNA
testing history criteria based on a combination of Australian HCV
clinical guidelines, HCV RNA testing subsidies through Australia's
Medicare Benefits Schedule, and the scientific literature on HCV
spontaneous clearance for people with HIV.

Firstly, GBM with two or more positive HCV RNA tests at least
6 months apart (evidence of chronic infection?), with a subsequent
negative test were defined as potentially treated due to the low
probability of spontaneous clearance in those with chronic infection
(Supplementary Methods Figure S3). Furthermore, spontaneous
clearance will generally occur within 6 months of infection if at all8

Secondly, GBM with two or more HCV RNA tests within 12
months following their first HCV RNA negative date were defined as
potentially treated (Supplementary Methods Figure S4). As per the
Medicare Benefits Schedule governing testing rules and reimburse-
ments, only one HCV RNA test is reimbursed annually if a person is
not undergoing treatment'?; it is unlikely an intermittent HCV RNA
test would be paid for out of pocket.

To examine the assumptions of our potentially treated definition,
we assessed how many GBM with prescription data would also be
classified as potentially treated based on each of these two criteria
and in combination.

2.5 | Statistical analysis

Generalised linear modelling (Poisson distribution) was used to ex-
amine trends in HCV incidence by calendar year with the infection
date assigned to the mid-point between the date of a reinfection

event and that persons' previous negative test event.

2.6 | Sensitivity analyses for reinfection incidence

In our first sensitivity analyses, follow-up time started from a second
HCV RNA negative test. This accounts for the uncommon possibility
of viral relapse following an initial HCV RNA negative test*” and that
inclusion from the first negative test may lead to a higher reinfec-
tion incidence rate.?’ Second, we conducted analyses whereby only
people with an HCV RNA positive result from 2016 onwards were
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included as the inclusion of people who were historically treated,
or spontaneously cleared, may inflate the person-years of follow-
up, and thus reduce incidence rates. Third, as people can experience
more than one reinfection, we included multiple reinfection events
as previous research among GBM with HIV shows variation in inci-
dence rates when only the first compared to multiple reinfections
are included in analyses.?!

All analyses were conducting using Stata 17 (College Station,

Texas, USA).

3 | RESULTS

Between 1st January 2012 and 31st December 2021, a total of
12213 GBM with HIV had 21 HCV antibody and/or RNA test re-
corded in ACCESS data; 2615 (21.4%) had 21 HCV RNA test, of
whom 905 (34.6%) had a positive test result. Following their first
positive HCV RNA test, 798 (88.2%) had 21 additional HCV RNA
test, with at least one HCV RNA negative result recorded for 687
(86.1%). Of these 687 people, 571 (83.1%) had 21 HCV RNA test
following their first negative test (Figure 1).

Among these 571 people, 474 had some evidence of treatment;
297 (51.9%) people had a treatment recorded (definitely treated) and
177 (30.2%) had testing histories indicative of potential treatment.

Of the 177 potentially treated, 140 (79.1%) met the defini-
tion of chronic HCV infection (i.e., two positive HCV RNA tests
greater than 6 months apart preceding a negative test) and 82
(46.3%) met the definition of potential treatment based on test-
ing frequency post their first negative RNA. 45 (25.4%) met both
definitions. In testing the sensitivity of these definitions of po-
tentially treated, among people with treatment recorded, 238
(81%) people met one of these definitions based on their testing

history (Supplementary Results).

3.1 | Reinfection incidence

During the reinfection incidence observation period 1st January
2016 to 30th December 2020 among 540 GBM with HIV, 38 (7.0%)
had evidence of HCV reinfection. Median age at the date of inclu-
sion in the reinfection incidence analysis was similar between those
with evidence of reinfection (45; IQR 39-52) compared to those with
no evidence of reinfection (47; IQR 41-54). There was minimal dif-
ference in the median number of years since HIV diagnosis among
those with (7, IQR 3-7) and without (6, IQR 4-7) evidence of rein-
fection, and for years since first evidence of HCV infection, with a
median of 3years for both groups (IQR 1-6). The median number of
HCV RNA tests since first eligible for those with evidence of reinfec-
tion was two (IQR 1-3) with a median of 5.3 months (IQR 2.8-8.8)
between tests. Among those with no evidence of reinfection, the
median number of tests was three (IQR 1-4) and the median time
between tests was 8.8 months (IQR 6.0-14.2).

i 1027
|N'|'IE¥I$OrNAL Wl LEY

12,213 GBM 9598 with no
with any HCV »| HCV RNA test
test excluded
\/
1710 with no
2615 with 21 _ | positive HCV
HCV RNA test "l RNAtest
excluded
\/
905 with >1 107 with no
positive HCV .| subsequent
RNA test HCV RNA test
excluded
\
798 with a 111 with no
subsequent - negative HCV
HCV RNA test RNA test
excluded
\
685 with a 114 with no
negative HCV > subsequent
RNA test HCV RNA test
excluded
\/
571 with a
subsequent

HCV RNA test

Y

540 with HCV
RNA test
during
reinfection
observation
period

FIGURE 1 Overall eligibility for inclusion.
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Over 1124 person-years of follow-up, the rate of reinfection was
3.4/100PY (95% Cl 2.5-4.6). Observed reinfection incidence was
highest in 2017, with an incidence rate of 5.6/100PY, before declin-
ing in 2018 to 4.1/100PY and in 2019 to 2.6/100PY; there were no
observed reinfection events in 2020 in this analysis (Table 1). HCV
reinfection incidence declined on average 30% per calendar year
(IRR0.70, 95% CI 0.54-0.91).

3.2 | Sensitivity analyses

In our sensitivity analyses where people were included from their
second negative HCV RNA test, only people who had a positive HCV
RNA test from 2016 onwards were included, and multiple reinfec-
tion events were included, there was modest variation in overall
reinfection rates, and similar declines in reinfection incidence over

time (Supplementary Results Tables S1-S3).

3.3 | Reinfection incidence stratified by GBM
with and without treatment data

Among 288 GBM with treatment prescription data who had a HCV
RNA test during the observation period, 18 (6.3%) were defined as
having an HCV reinfection over 586 person-years for an overall rate
of 3.1/100PY (95% Cl 1.9-4.9).

Of the 252 GBM without treatment prescription data, inclu-
sive of both those potentially treated and those without evidence
of treatment, 20 (7.9%) were defined as having an HCV reinfec-
tion over 538 person-years for an overall rate of 3.7/100PY (95%
Cl 1.7-4.1). The peak of reinfection in these stratified analyses
was in 2017 with a decline thereafter; however, there was some
variation in incidence by calendar year (Supplementary Results
Tables S4 and S5).

4 | DISCUSSION

In this analysis of HCV reinfection incidence among GBM living with
HIV attending primary care, sexual health and hospital-based infec-
tious disease clinics across Australia, we found reinfection incidence
was 3.4/100PY between 2016 and 2020, which was considerably

lower than that reported among people with HIV in Australia prior to

TABLE 1 Hepatitis C reinfection rate by calendar year among
GBM with HIV in Australia (n=540).

Year Person-years Reinfections Rate/100PY 95% Cl
2016 160.8 6 3.7 1.7-8.3
2017 270.1 15 5.6 3.3-9.2
2018 265.5 11 4.1 2.3-75
2019 229.7 6 2.6 1.2-5.8
2020 197.8 0 0.0

DAA access at 10.3/100PY.* Furthermore, our findings indicate that
reinfection incidence has declined over time since the early years
of universal DAA availability, consistent with declining transmission
anticipated as HCV prevalence declines with more people with HCV
successfully treated.

The reinfection incidence rate we found was higher than re-
ported in Australian cohort® and treatment studies® during the DAA
era. Many GBM with HIV enrolled in these studies likely attend a
clinic that would have contributed data to our analyses. However,
it is likely that we also included people who were never enrolled in
these studies as our data were from routinely collected surveillance
data and there were no additional study requirements nor consent
processes. It is also possible that our data captured reinfections
among people who never had an SVR test recorded via these stud-
ies due to our longer follow-up time, or reinfections after the end
follow-up. The incidence we observed was similar to the 4.4/100PY
incidence rate reported among GBM with HIV attending a single HIV
clinic study in San Diego between 2014 and 20197 and lower the
than the 6.4/100PY incidence rate reported across four HIV clinics
in Germany between 2014 and 2018.%

We found reinfection incidence declined over time which aligns
with results reported from Dutch and Swiss cohort studies of peo-
ple with HIV, whereby a decline has also been reported in recent
years among GBM.1%!! This suggests that in addition to a treatment
as prevention effect for primary incidence as also reported in these
settings,?? there is likely also a potential treatment as prevention ef-
fect for reinfection among GBM with HIV.

A likely major contributor to the decline in HCV reinfection in-
cidence in our findings is government-funded universal access to
HCV DAA treatment via Australia's Pharmaceutical Benefits Scheme
(PBS). Of direct relevance to these analyses, treatment for reinfec-
tion, including multiple reinfections, was also government funded.
From the first date of availability via the PBS, there were no restric-
tions based on liver disease or ongoing substance use. General prac-
titioners could also prescribe treatment, as could authorised nurse
practitioners since 2018. This was not the reality in many countries
in the early years of DAA access, including other high-income coun-

tries?>24

and a number of these barriers remain in place in some
countries.

While we observed a decline in HCV reinfection incidence, on-
going HCV RNA testing is likely warranted to detect any new in-
fections, promptly treat them, and sustain HCV elimination efforts
to date. In some settings, multi-component interventions including
home-based HCV RNA testing and GBM-specific harm reduction
supply programmes among those potentially at risk of reinfection
have been studied.?>2% In addition, behavioural interventions have
been part of test and treat studies'! or are currently underway.?”
Whether similar programs specifically for GBM in Australia would
be warranted is beyond the scope of this work. Given that HCV
is already highly stigmatised, including among GBM with HIV,%®
rather than focus on changing the behaviours of a limited number
of individuals who may theoretically be at risk of reinfection, it
may be of greater benefit to consider a broader health promotion
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campaign for HCV tailored to GBM. This may include efforts to
raise awareness of HCV and reduce stigma related to HCV among
all GBM. In addition, ensuring appropriate HCV testing occurs, and
prompt treatment where required, will be critical. This may have
even greater impact, given evidence suggests that HCV testing is
somewhat sub-optimal more broadly among GBM with HIV and
GBM using PrEp.??

A particular consideration with these data is that we were not
able to perform a clinical audit to determine treatment status as the
data were from a deidentified sentinel surveillance system. Given
Australia has among the least restrictive hepatitis C treatment
guidelines globally,%° it is conceivable that some of the GBM without
treatment data were indeed treated. Data from Australian treatment
and cohort studies alone indicate that more than 300 people with
HIV, the vast majority of whom were GBM, have been treated.®?
While still an underestimate, the approximate 50% with treatment
data, and 30% with evidence of potential treatment, a total of ap-
proximately 80%, is more aligned with results from these studies.
Furthermore, only approximately 50% of GBM with HIV having evi-
dence of definite treatment in these data does not align with expert
knowledge from senior clinicians working at clinics that contribute a
substantial proportion of data to these analyses. Conversely, assum-
ing all those without treatment data spontaneously cleared would
also conflict with established evidence showing spontaneous clear-
ance is uncommon among GBM with HIV.3! Discussions are ongoing
with relevant stakeholders to link these surveillance data to data
from Australia's Pharmaceutical Benefits Scheme which would help
to address this in the future.

Some limitations need to be considered in the interpretation
of our findings. Firstly, we did not have access to clinical samples
to undertake phylogenetic analyses to distinguish between unsuc-
cessful treatment and reinfection as has been done in some other
studies, and there is a possibility that some of the people classi-
fied as having a reinfection were unsuccessfully treated. Similarly,
genotype data were not systematically available both before and
after treatment to use changes in genotype or subtype to define
reinfection as has been done in some other studies® Secondly,
these data were from routine clinical care and as such, there was
no specified time between tests meaning that some reinfections
may be missed as they may have spontaneously cleared. Likewise,
although post-treatment testing was generally quite high, not
everyone had evidence of post-treatment testing in these data.
While it is conceivable that these people may not have been en-
gaging in behaviours that would warrant ongoing testing, we are
not able to determine this in these analyses. Thirdly, it may be pos-
sible that our results were influenced by a lack of HCV RNA testing
during COVID lockdowns experienced in Australia. For example,
in Melbourne which experienced prolonged lockdowns in 2020,
HCV testing declined in health services that provide care to peo-
ple who inject drugs.®? Likewise, asymptomatic STI testing also
declined.®® However, given these are all GBM with HIV, many still
likely had HCV RNA testing as part of their HIV viral load moni-
toring. Finally, although this is the largest and most representative
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analysis of HCV reinfection among GBM with HIV undertaken in
Australia to date, our findings may not be generalisable to GBM
with HIV attending clinics that are not part of this sentinel surveil-

lance network.

5 | CONCLUSION

HCV reinfection incidence among GBM with HIV in Australia in
the DAA erais lower compared to what was reported in Australian
studies in the pre-DAA era. There is some evidence that reinfec-
tion incidence has declined since the early years of universal DAA
treatment availability, indicating a potential treatment as preven-
tion effect for HCV reinfection. While this is encouraging, post-
treatment testing, and at least annual HCV RNA testing thereafter,
is likely warranted to detect any new HCV infections and offer
prompt treatment to sustain hepatitis C elimination efforts to date
among GBM in Australia.
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