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Background: Despite high hepatitis C virus (HCV) treatment rates, HCV incidence among human immunodeficiency virus
(HIV)-infected men who have sex with men (HIV-infected MSM) in Germany rose before HCV direct-acting antivirals (DAAs).
We model what intervention can achieve the World Health Organization (WHO) elimination target of an 80% reduction in HCV
incidence by 2030 among HIV-infected MSM in Berlin.

Methods: An HCV transmission model among HIV-diagnosed MSM was calibrated to Berlin (rising HCV incidence and high rates
of HCV testing and treatment). We modeled the HCV incidence among HIV-diagnosed MSM in Berlin until 2030 (relative to 2015 WHO
baseline) under scenarios of DAA scale-up with or without behavior change (among HIV-diagnosed MSM and/or all MSM).

Results: Continuing current treatment rates will marginally reduce the HCV incidence among HIV-diagnosed MSM in Berlin
by 2030. Scaling up DAA treatment rates, beginning in 2018, to 100% of newly diagnosed HCV infections within 3 months of diag-
nosis and 25% each year of previously diagnosed and untreated HCV infections could reduce the HCV incidence by 61% (95% confi-
dence interval, 55.4%-66.7%) by 2030. The WHO target would likely be achieved by combining DAA scale-up with a 40% reduction
in HCV transmission among HIV-diagnosed MSM and a 20% reduction among HIV-undiagnosed or HIV-uninfected MSM.

Discussion: HCV elimination among HIV-infected MSM in Berlin likely requires combining DAA scale-up with moderately
effective behavioral interventions to reduce risk among all MSM.
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Hepatitis C virus (HCV) infection can cause liver cirrhosis,
cancer, and death, particularly among persons living with
human immunodeficiency virus (HIV) [1]. Indeed, liver-
related disease is a leading non-AIDS causes of death in this
population [2]. The HCV burden is high among HIV-infected
men who have sex with men (MSM), with a seroprevalence
of 6.4% globally, >5-fold higher than in the general popula-
tion [3, 4]. HCV epidemics among HIV-infected MSM occur
in urban centers worldwide, and the HCV incidence among
HIV-infected MSM increased from 1990 to 2014 across Europe
[5]. Germany, in particular, has an increasing HCV incidence
among HIV-infected MSM, despite high testing and HCV treat-
ment rates [6].
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The World Health Organization (WHO) released global hep-
atitis elimination targets, including an 80% reduction in new
HCV infections and a 65% relative reduction in HCV-related
mortality rates by 2030 compared with 2015 [7]. Policy makers
seek information on the intervention required to achieve these
targets. New HCV direct-acting antivirals (DAAs) achieve
>90% cure rates among HCV-monoinfected and HIV/HCV-
coinfected individuals [8], leading to optimism that treatment
could cure individuals and prevent transmission [9].

Focused efforts at microelimination (elimination among
targeted populations or settings or limited geographic areas)
among key populations have been developed, such as those
set by the British HIV Association among persons living with
HIV [10, 11], but how to achieve microelimination remains
unclear. Several modeling studies explored the effect of scaling
up HCV prevention on reducing chronic prevalence among
HIV-infected MSM in the United Kingdom [12], Switzerland
[13, 14], and Victoria, Australia [15], but did not examine HCV
elimination targets specifically.

Only 1 study in Australia examined what is required to
achieve the 80% HCV incidence reduction target among

HCV Microelimination Among Men Who Have Sex With Men « JID 2019:220 (15 November) « 1635


mailto:Natasha-martin@ucsd.edu?subject=

HIV-infected MSM, showing recent substantial increases in
treatment uptake (from <27% in 2015 to 65% in 2016) could
achieve elimination if continued at current rates and if high-risk
behavior stabilizes [16]. However, it is unclear what is required
in a setting with both increasing HCV incidence and high HCV
testing and treatment rates in the pre-DAA era, similar to many
settings in Europe. We aimed to use epidemic modeling to as-
sess the impact of DAA scale-up and behavior change on HCV
incidence among HIV-diagnosed MSM in Berlin and to assess
what intervention strategies can achieve the WHO elimination
incidence target.

METHODS

We used a previously developed dynamic, deterministic model
of HCV transmission, progression, and treatment among HIV-
diagnosed MSM (Supplementary Figure 1) [12]. The model was
dynamic, so the risk of HCV acquisition was related to HCV
prevalence and risk behavior. The model dynamically incorpo-
rated HCV transmission among HIV-diagnosed MSM, as well
as a fixed incidence of HCV representing infections acquired
from outside this population, such as from HIV-undiagnosed
or HIV-uninfected MSM. Individuals entered at HIV diag-
nosis, a proportion with existing HCV coinfection. The model
was stratified by HCV diagnosis status, HCV disease stage and
treatment history, and transmission risk (high or low risk).
Owing to a lack of data on specific risks associated with HCV
transmission among HIV-infected MSM in Berlin, we did not
stratify by specific risk behavior, instead incorporating a general
population heterogeneity, whereby high-risk HIV-infected
MSM were assigned a higher relative risk of HCV transmission
and acquisition compared with low-risk HIV-infected MSM.
The characteristics of the high-risk group (size of high-risk
group and relative risk) were calibrated to epidemiological data
for HCV primary and reinfection rates; the several-fold higher
rates of reinfection compared with primary incidence (Table 1)
indicate the presence of this high-risk group. We assume that
the proportion of high-risk HIV-infected MSM remains stable
but allow for transitioning between low- and high-risk groups,
with proportional mixing between groups. Retreatment was
allowed for those with previously failed interferon-based ther-
apies and those who are reinfected. Those in whom DAA treat-
ment fail were eligible for retreatment at a rate equal to primary
treatment rates, given no explicit restrictions on retreatment in
Germany. All HIV-infected MSM have a mortality risk due to
HIV and unrelated causes, and those coinfected with HCV have
an additional HCV-related mortality risk.

Model Parameterization and Calibration

The model was calibrated to and parameterized by data on
the HCV epidemic among HIV-diagnosed MSM in Berlin
(Table 1), using data primarily from the HIV Seroconverter
Cohort (a nationwide, multicenter prospective cohort study

of 1843 HIV-diagnosed MSM in Germany from 1996 to 2012,
among whom 1130 reside in Berlin), and a cohort of HIV/
HCV-coinfected MSM in Berlin (single-center cohort from a
large Berlin HIV treatment site of 178 MSM with 212 episodes
of acute HCV infection). The model was calibrated to the Berlin
epidemic using the following data: an estimated 10 500 HIV-
diagnosed MSM in Berlin in 2014 (special query of data from
an der Heiden et al [18]), HCV primary incidence over time
(1996-1999, 2000-2003, 2004-2007, and 2008-2012), HCV
prevalence (antibody or RNA positive) among HIV-diagnosed
MSM in 2012 [6], and HCV reinfection incidence among HIV-
diagnosed MSM (8.2/100 person-years across 2002-2014) [17].
Model projections were validated against annual size estimates
of the HIV-diagnosed MSM population in Berlin from 2001 to
2015, which increased over time (Supplementary Figure 2).
The model was calibrated to the above data by allowing the fol-
lowing parameters to vary: proportion high risk, relative risk
for high risk compared with low risk, leaving rate from high
risk to low risk, initial HCV prevalence in 1996, number of
HIV-diagnosed MSM in 1996, number of new entrants to the
HIV-diagnosed MSM population per year, and HCV infec-
tion rate. Prior ranges and posterior estimates of fitted model
parameters are provided in Supplementary Table 1. Posterior
estimates of the size of the high-risk group were 16% (95% con-
fidence interval [CI], 6%-28%), consistent with estimates of the
proportion of HIV-infected MSM reporting consuming drugs
typically used at sex parties in the preceding 4 weeks in Berlin
[33], and HIV-infected MSM reporting recent substance use in
Germany [34].

Based on Berlin-specific data, we modeled high HCV testing
and treatment rates among HIV-infected MSM. Data from the
Berlin cohort indicated that 86% of diagnosed HCV infections
were treated between 2002 and 2013 [26]. High treatment rates
were also seen across Germany during this time (55%-83% of
acute infections treated annually during 2007-2015; unpub-
lished data from the PROBE-C cohort [27]). German guide-
lines recommend annual testing for HCV among HIV-infected
MSM, but in practice HIV-infected MSM in Berlin are tested
twice yearly (unpublished data from the Berlin cohort [26]).
Therefore, we incorporated twice-yearly testing and an 80%
initiation of treatment within 6 months after HCV diagnosis
from 2002. We assess the impact of once-yearly testing in the
sensitivity analysis. We modeled a shift to interferon-free DAA
therapy in 2015, after regulatory approval in Germany in mid-
2014 and evidence of rapid uptake among HIV-infected indi-
viduals [30].

We conservatively assumed a 90% sustained viral response
(SVR) with DAAs, based on data from HIV-infected individ-
uals in Germany [30] and Berlin indicating 92% SVR, varied
in sensitivity analyses. We implemented an annual all-cause
mortality rate among HIV-diagnosed MSM that incorpor-
ates changes over calendar time based on historical increases
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Table 1. Model Parameterization and Sources

Parameter

Value (sampling range for sampled parameters)

Source

Calibration parameters (not sampled)

HCV primary incidence among HIV-diagnosed
MSM (by year)

1996-1999: 0.56/100 person-years (95% Cl,
.08-3.96); 2000-2003: 0.48/100 person-years
12-1.92); 2004-2007: 1.23/100 person-years

Berlin estimate from HIV Seroconverter cohort [6];
unpublished data

(.
(.76-1.98); 2008-2012: 2.76/100 person-years

(2.12-3.61)

HCV prevalence (antibody or RNA positive)
among HIV-diagnosed MSM in 2012

HCV reinfection incidence after treatment or
spontaneous clearance, 2002-2014

No. of HIV-diagnosed MSM in 2014

Sampled input parameters
Life expectancy from HIV diagnosis

9.8% (95% Cl, 8.2%—-11.7%)

10 500 (95% CI, 980011 400)

Varies over calendar time based on increasing

Berlin estimate from HIV Seroconverter Cohort [6];
unpublished data

8.2/100 person-years (95% Cl, 5.6-12.1) [17]

Special query from the model underlying HIV estima-
tion for Germany (as reported in [18])

Based on UK data [19-21]

ART coverage and earlier diagnosis (20-40 y
from assumed HIV diagnosis and ART initiation

at age 35y [19])
Excess liverrelated mortality rate due for
those with chronic HCV (annual)
Proportion of HIV-infected MSM with sponta-
neous clearance of acute HCV infection

from 0.05-0.27)

Duration of acute infection until spontaneous

clearance
HCV testing rate per year Twice yearly from 2003

Duration from diagnosis to treatment 6 mo

(if treated)

Proportion of those infected without sponta-
neous clearance who start treatment
within 6 mo after diagnosis

SVR with interferon and ribavarin
<1y After HCV infection
>1y After HCV infection

SVR with direct-acting antivirals 90%

Year of HCV epidemic seeding 1996

Proportion of HIV-infected MSM infected with
HCV on HIV diagnosis

Background HCV incidence from outside HIV-

diagnosed MSM population from 1-2)

0.16/100 person-years (sampled uniformly

15% (sampled uniformly from 10%-20%)

80% from 2002 (excluding those with sponta-
neous clearance of virus)

0.65% (sampled uniformly from 0.34%-1.14%)

1.5/1000 person-years (sampled uniformly

[22, 23]

[24, 25]; Consistent with Berlin cohort [26] estimate
of 13% (95% Cl, 8.8%-18.6%)

6 mo (sampled uniformly from 3-9 mo) [25]

Unpublished data from Berlin cohort [26]

In Berlin cohort, 86% of diagnosed infections were
treated in 2002-2013 [26]; high treatment rates
were also seen across Germany (55%-83%
of acute infections treated each year during
2007-2015) (unpublished data from PROBE-C
cohort [27])

70% (sampled uniformly from 65%-75%) [28]
30% (sampled uniformly from 25%-35%)

Weighted based on genotype distribution and SVR
by genotype from a recent meta-analysis [29])

Assumed; 92% observed among HIV-infected G1
individuals across Germany [30]; 93% observed in
Berlin German hepatitis C cohort (GECCO) cohort

[31]
HIV Seroconverter Cohort [6]; unpublished data

Assumed similar to incidence observed in HIV-
uninfected MSM population [32]

Abbreviations: ART, antiretroviral therapy; HCV, hepatitis C virus, HIV, human immunodeficiency virus; MSM, men who have sex with men; SVR, sustained viral response.

“The proportions of HIV-diagnosed persons taking ART were similar between the United Kingdom and Germany (in 2004, 70% in both; in 2014, 90% in the United Kingdom and 80% in
Germany [19]), and the median ages at HIV diagnosis were similar (34 and 33 years, respectively, in 2014). We fit a linear curve to life-expectancy data among HIV-diagnosed individuals who
start ART at age 35 years from 1997 to 2008 over calendar time among a UK cohort [20]. Uncertainty was included in these fits by sampling each life-expectancy point estimate from the
distribution reported in the study and refitting the linear curves. We assume a continued increase in life expectancy from 2008 until a life expectancy of 75 years is reached (consistent with
model estimates of life expectancy in a high-diagnosis setting [21] and achieved in 2010 in the model).

in life expectancy from HIV diagnosis at a population level,
resulting from earlier diagnosis and treatment and more ef-
fective antiretroviral therapy (life expectancy increasing by
15 years during 1996-2008 in the United Kingdom, where
age at HIV diagnosis and antiretroviral therapy coverage are
similar to those in Germany) [20], and included excess HCV-
related liver-related mortality rates [22, 23]. The contribu-
tion of HIV-undiagnosed or HIV-uninfected MSM to HCV
incidence among HIV-infected MSM in Berlin is unknown,

so we incorporated a background incidence contribution
of 0.15/1000 person-years, similar to that observed in HIV-
uninfected MSM populations [32].

To incorporate parameter uncertainty, 100 000 parameter
sets were sampled using Latin hypercube sampling from pa-
rameter distributions in Table 1. The model was simulated with
these parameter sets and negative sum log likelihood of the
simulated data compared with the calibration data points cal-
culated for each run, using Poisson distributions for incidence
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calibration data, a beta distribution for prevalence data, and a
gamma distribution for the number of HIV-diagnosed MSM.
The top 0.1% of model fits (defined as the lowest sum log likeli-
hood) were selected for the final analysis. All simulations were
performed using Matlab R2017b software.

Intervention Scenarios and Sensitivity Analyses

We modeled the epidemic from 1996 to 2030, predicting HCV
incidence (per 100 person-years and number of individuals),
chronic (RNA positive) prevalence (percentage and number of
individuals), and prevalence (antibody or RNA positive) among
HIV-diagnosed MSM in Berlin. We explored the following
scenarios: (1) status quo, defined as no change in HCV treat-
ment rates (80% of newly diagnosed HCV infections treated
within 6 months after diagnosis); (2) scaling up in 2018 to treat
all newly diagnosed HCV infections within 6 months along
with 25% per year of previously diagnosed and untreated infec-
tions; (3) as in scenario 2, but with all newly diagnosed HCV in-
fections treated within 3 months; (4) as in scenario 3, with 20%
HCYV risk reduction in HIV-diagnosed MSM beginning in 2018;
(5) as in scenario 3, but with 40% HCYV risk reduction; and (6)
as in scenario 5, along with 20% reduction in background inci-
dence from the outside HIV-diagnosed MSM population; and
(7) no treatment, defined as no historical treatment.

Sensitivity Analyses

We performed univariate sensitivity analyses varying SVR from
90% (baseline) to 92.5% and 95%. We also examined a scenario
in which treatment scale-up occurs linearly over 4 years in-
stead of immediately. Finally, owing to uncertainty in histor-
ical testing rates, we performed an analysis in which testing was
performed once yearly instead of twice yearly.

RESULTS

Model Fit to Data

The model fit well to data on primary HCV incidence over
time (Figure 1A), number of HIV-diagnosed MSM over time
(Supplementary Figure 2), and the HCV reinfection rate among
HIV-infected MSM across 2002-2014. However, the model
slightly overestimated the HCV seroprevalence (antibody or
RNA positive) among HIV-diagnosed MSM in 2012 owing to
the high and increasing primary incidence (Figure 1B).

State of Epidemic in 2018

The model estimated that in 2018 there would be approximately
12 000 HIV-diagnosed MSM in Berlin (Supplementary Figure
2), among whom the primary HCV incidence is 2.0 per 100
person-years (95% CI, 1.6-2.5) (Figure 1). The model projected
HCV seroprevalence (antibody or RNA positive) in 2018 to be
18.7% (95% CI, 16.3%-21.5%), and HCV chronic prevalence to
be 7.4% (6.2%-9.1%). Consequently, in 2018, an estimated 884
(95% CI, 731-1095) HIV-diagnosed MSM have chronic HCV
infection (Supplementary Figure 3).

HCV Primary Incidence per 100 Person-Years
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Figure 1. Model fit to calibration data for primary hepatitis C virus (HCV) inci-

dence (A) and HCV seroprevalence (antibody or RNA positive) (B) among human
immunodeficiency virus (HIV}-diagnosed men who have sex with men in Berlin.
Diamonds represent mean epidemiological data estimate; whiskers, 95% confi-
dence intervals; solid lines, the mean model trajectories; dashed lines, the 2.5%
and 97.5% intervals of trajectories.

Impact of Existing Treatment

The introduction of DAAs in 2015 had an important impact on
HCYV incidence; primary incidence could have been 50% higher
in 2018 (mean, 2.9/100 person-years) if treatment with inter-
feron and ribavirin had continued (Supplementary Figure 4).
Without any treatment since 2002, the HCV incidence among
HIV-infected MSM in 2018 could have been double that cur-
rently seen (mean, 4.0/100 person-years) (Figure 1). Continuing
current treatment rates will marginally reduce primary inci-
dence by a mean relative 12.9% (95% CI, 0%-23.6%) from the
WHO baseline in 2015 to 2030 (Figure 1) and could result in
a negligible (3%) increase in total incidence owing to the risk
of reinfection among those previously treated (Supplementary
Figure 5).

Impact of Further Treatment Scale-Up Strategies

The impact of scaled-up treatment on reductions in primary
and relative HCV incidence (from the WHO baseline in 2015
to 2030) are shown in Figures 2 and 3, respectively. Scaling
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Figure 2. Model projections for primary hepatitis C virus (HCV) incidence and among human immunodeficiency virus (HIV)-diagnosed men who have sex with men
(MSM) in Berlin. Lines represent mean model projections with various levels of HCV treatment and behavior change; diamonds, epidemiological data; whiskers, 95% confi-
dence intervals. The scenarios were defined as follows: Scenario 1) status quo (80% of newly diagnosed HCV infections treated within 6 months after diagnosis); Scenario
2) beginning in 2018, all newly diagnosed HCV infections treated within 6 months, along with 25% per year of previously diagnosed and untreated HCV infections; Scenario
3) as in scenario 2 but with all newly diagnosed HCV infections treated within 3 months; Scenario 4) as in scenario 3, with 20% HCV risk reduction in HIV-diagnosed MSM;
Scenario 5) as in scenario 3, but with 40% HCV risk reduction in HIV-diagnosed MSM; and Scenario 6) as in scenario 5, along with 20% reduction in background incidence

from individuals outside the HIV-diagnosed MSM population.

up in 2018 to treat 100% within 6 months of HCV diagnosis
and 25% per year of those with previously diagnosed and un-
treated HCV infection (scenario 2) could reduce the HCV in-
cidence by 55.9% (95% CI, 50.7%-61.1%) by 2030 (from the
2015 WHO baseline). This would decrease chronic prevalence
but not increasing seroprevalence (Supplementary Figures 6
and 7). Combining DAA scale-up with early treatment (within

3 months of HCV diagnosis, scenario 3) could reduce HCV in-
cidence by a relative 61.4% (95% CI, 55.4%-66.7%) from 2015
to 2030. Combining treatment scale-up with interventions
to prevent HCV risk among HIV-diagnosed MSM would re-
duce incidence by 71.6% (95% CI, 65.0%-76.2%) or 79.1%
(73.4%-82.8%) if DAA scale-up with early treatment is com-
bined with 20% (scenario 4) or 40% (scenario 5) reduction in

100

Relative Reduction in HCV Incidence,
20152030 (%)

1: Status Quo

3

4

Scenario

2: All newly HCV diagnosed treated after 6 mos, 25%/yr previously HCV diagnosed

3: Scenario 2 with all newly HCV diagnosed treated after 3 mos

4: Scenario 3 + 20% risk reduction among HIV-diagnosed MSM

5: Scenario 3 + 40% risk reduction among HIV-diagnosed MSM

6: Scenario 5 + 20% external incidence reduction from those outside of HIV-diagnosed MSM population

Figure 3. Model projections for relative change (%), from 2015 to 2030, in primary hepatitis C virus (HCV) incidence among human immunodeficiency virus—diagnosed men
who have sex with men in Berlin. Lines indicate mean results; whiskers, 95% confidence intervals from the model projections.
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HCV transmission risk among HIV-diagnosed MSM beginning
in 2018, respectively. A similar impact is achieved on total in-
cidence (primary and reinfections) (Supplementary Figure 5).

Meeting WHO Elimination Targets

Modeling indicated that HCV treatment scale-up alone is un-
likely to achieve the WHO target of 80% reduction in inci-
dence from 2015 to 2030. DAA scale-up and interventions to
reduce HCV transmission risk by 40% among HIV-diagnosed
MSM could possibly achieve the WHO target (achieved in
42% of simulations). Additional interventions reducing back-
ground incidence from individuals outside the population of
HIV-diagnosed MSM (eg, reducing HCV transmission from
HIV-undiagnosed or HIV-uninfected MSM or from other
risk groups, such as PWID) could aid in reaching the target.
If DAA scale-up was combined with 40% behavioral risk re-
duction among HIV-diagnosed MSM and 20% reduction in
background incidence from outside the population of HIV-
diagnosed MSM beginning in 2018 (scenario 6), HCV inci-
dence could be reduced by 81.2% (95% CI, 76%-84.5%) from
2015 to 2030, achieving the target in 82% of simulations.

Sensitivity Analyses

Simulations assuming higher SVR resulted in higher impact
(Supplementary Figure 8). Achieving the WHO target no longer
required reduction in background incidence from outside-
population HIV-diagnosed MSM but still required behavioral
risk reduction among HIV-infected MSM (40% reduction with
92.5% SVR or 20% reduction with 95% SVR). If scale-up oc-
curred linearly over 4 years instead of immediately, marginally
less impact was achieved, but elimination was still achieved
in scenario 6 (Supplementary Figure 8). Sensitivity analyses
incorporating annual testing (compared with twice yearly) fit
data similarly well (Supplementary Figure 9A and 9B). Minimal
(<15% relative) differences were seen with scaled-up interven-
tion scenarios (Supplementary Figure 9C).

DISCUSSION

Our study explores what is required for achieving the WHO
HCV elimination incidence target among HIV-infected MSM
in Berlin. We show that in a setting like Berlin with escalating
incidence and high treatment rates, HCV elimination (80% in-
cidence reduction) among HIV-infected MSM likely requires a
combination of treatment scale-up and behavioral intervention
among HIV-diagnosed MSM and the broader MSM popula-
tion. This information is critical given the growing interest on
elimination among the HIV-infected populations [10, 11].
Evidence-based behavioral interventions to reduce HCV risk
among HIV-infected MSM are lacking. The ongoing HCVree
trial in Switzerland provides sexual risk counseling during
HCV treatment among MSM engaging in inconsistent condom
use [14]. In addition, educational and counseling interventions

have been developed for MSM who use methamphetamines
with sex [35], but evidence for preventing HCV is needed.
Injecting drug use may also contribute to HCV transmission
among MSM (5% of MSM in Germany reported a history of
injecting drug use in 2010 [36]), and a recent systematic review
and meta-analysis found evidence that high-coverage needle
and syringe programs and opiate substitution therapy are effec-
tive in reducing HCV acquisition [37]. However, work is needed
to examine the barriers to harm-reduction uptake among MSM,
who may not identify as dependent substance users and may be
reluctant to access services [38].

Our analysis also highlights the potential importance of
transmission from outside the HIV-diagnosed MSM popula-
tion. Indeed, transmission between these groups occurs [39],
but the directionality of transmission is unclear. Although HCV
incidence among HIV-uninfected MSM populations was histor-
ically low [32], recent documented incident HCV cases among
HIV-uninfected MSM receiving HIV preexposure prophylaxis
(PrEP) in France and the United States are causing concern that
incidence may increase as PrEP is expanded [40, 41]. MSM with
HCV monoinfection are likely to be at risk of onward trans-
mission to HIV-infected MSM, who potentially have elevated
susceptibility owing to changes in local mucosal immunity and
depletion of CD4" T cells in the gastrointestinal tract during the
early stages of HIV infection and, once infected, have higher
viral loads than HCV-monoinfected individuals [42]. Recent
modeling showed that changes in sexual mixing patterns (more
serodiscordant sexual partnerships) could disseminate HCV
among HIV-uninfected MSM, with resulting increases in HCV
among HIV-infected MSM [43]. Further work examining the
impact of PrEP on HCV is warranted.

Comparisons With Published Literature

Our study supports other modeling studies among HIV-infected
MSM populations in the United Kingdom [12] and Switzerland
[13, 14], showing that high levels of treatment, particularly with
behavior change, are required to control the epidemic among
MSM. Epidemics in Berlin and Switzerland exhibit increasing
HCV incidence, making elimination challenging. A modeling
study in Victoria, Australia, with a low stable HCV incidence
(0.38%-0.76% per year) among HIV-infected MSM found
that dramatic (80%) reductions in chronic prevalence could be
achieved with treatment scale-up but did not examine HCV in-
cidence [15]. Nevertheless, it is likely that elimination in set-
tings with stable incidence would require less intervention than
in settings with increasing incidence.

A recent modeling study in Australia (increasing incidence
among HIV-infected MSM) found that an 80% reduction in in-
cidence could be achieved among HIV-infected MSM if the ob-
served increases in risk behaviors (high-risk sex and injecting
drug use) stabilizes and recent treatment scale-up (from
<27% in 2015 to 65%) continues [16]. This indicates that, in
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places with historically low treatment rates and where risk has
stabilized among HIV-infected MSM, treatment scale-up may
be sufficient for elimination. Importantly, however, it is unclear
whether recent increases in high-risk behavior will stabilize; if
not, behavioral interventions are likely to be required [16]. In
addition, a recent study in the Netherlands indicated that acute
HCV incidence among HIV-infected MSM was reduced by half
across 2014-2016, concurrent to widespread scale-up of DAAs
[44]. Further analysis is needed to ascertain the relationship be-
tween DAA scale-up and declines in incidence.

Our findings among MSM are in contrast to modeling
showing that modest treatment among PWID could achieve
elimination [45], likely owing to stable incidence and the likely
lower risk of reinfection in most settings. Indeed, modeling in
settings with increasing incidence among PWID showed that
higher treatment rates are required [46].

Limitations

As with all modeling, our study is limited by several factors.
First, there was uncertainty in underlying data, which we in-
corporated through sampling parameters and generating mul-
tiple model fits, propagating this uncertainty to the future. Our
calibrated projections tended to fit to the upper bounds of the
prevalence data and lower bounds of the incidence data but
generated wide uncertainty, and alternative fitting algorithms
produced qualitatively similar fits (not shown). We also incor-
porated reinfection dynamically, which can change over time;
however, we calibrated to interferon-era data, which may not be
representative of the DAA era. A study in France indicates rela-
tively stable annual HCV reinfection rates among HIV-infected
MSM from 2012-2016 [47], but more studies are needed.

Second, we do not incorporate behavior change after treat-
ment, owing to lack of data. It is possible that risk could increase
because of ease of therapies and high SVR rates, but risk could
also be reduced because of increased awareness of HCV and de-
sire to protect against reinfection.

Third we did not account for migration or travel. However,
phylogenetic analyses indicated that the HCV epidemic among
HIV-infected MSM in Europe is connected [31]. Inflow of in-
fections may hamper elimination efforts, but treatment in other
settings could reduce HCV risk among MSM in Berlin engaging
in sexual activity with MSM from these other settings, thus
aiding prevention.

Fourth, as with other models of HCV among MSM, ours
does not incorporate sexual network characteristics. Models
exploring network-based HCV treatment approaches among
PWID yielded mixed findings as to their benefits [48, 49].

Fifth, our model simplified transmission from HIV-
undiagnosed or HIV-uninfected MSM, assuming a fixed rate
of incident infections among HIV-infected MSM in this group.
However, this could change over time, particularly with HIV
PrEP expansion if changes in sexual partnerships lead to more

HIV serodiscordancy, thus generating more HCV acquisition
and transmission from HIV-uninfected or HIV-undiagnosed
MSM [43]. Indeed, as more HIV-infected MSM with HCV are
treated and cured, elimination efforts will need to focus on
HIV-uninfected MSM, where surveillance is warranted.

Sixth, we calibrate to data from Berlin participants from
the HIV Seroconverter Cohort, a large cohort of >1100 HIV-
diagnosed MSM in Berlin. However, this cohort may not be
representative of the broader population of HIV-infected MSM
in Berlin. For example, because participants were included only
if they had information about the time point of their HIV se-
roconversion (acute HIV seroconversion or documented sero-
conversion with at most a 3-year interval from the last negative
test result), included participants could have better access to
HIV-related healthcare than other HIV-infected MSM in Berlin
who are HIV-undiagnosed, had a >3-year interval between the
last negative and first positive HIV result, or had their HIV in-
fection diagnosed without any previous testing. However, our
sensitivity analysis exploring lower testing rates indicated that
our results were robust to lower HCV diagnosis rates. It is also
unclear whether there are differences in sexual risk and HCV
incidence between the HIV Seroconverter Cohort and the
broader HIV-infected MSM population. The increasing in-
cidence in Berlin is similar to trends observed across Europe
from 1990 to 2014 [5], so we do not believe such potential biases
are very strong. Nevertheless, other settings exhibit stable or de-
clining HCV incidence among HIV-infected MSM, requiring
different interventions.

Seventh, we assume that DAA uptake is similar across HIV-
infected MSM, regardless of risk status, owing to a lack of data
and very high rates of treatment uptake. The observation of in-
dividuals with multiple reinfections in our cohort indicates that
we reach individuals at very high risk of HCV transmission.
However, lower-risk HIV-infected MSM may be more likely to
undertake treatment. Our current studies examining factors as-
sociated with treatment uptake will shed light on this issue.

Conclusions

Achieving HCV elimination among HIV-infected MSM in
Berlin is likely to require a combination of treatment scale-up
and behavioral interventions to reduce infection risk among
HIV-diagnosed MSM and the broader MSM community.
Further research is warranted, examining strategies to enhance
prompt HCV treatment uptake, diagnosis of HCV reinfections,
and provision of effective behavioral interventions to reduce
HCYV infection and reinfection among MSM.
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Supplementary materials are available at The Journal of Infectious
Diseases online. Consisting of data provided by the authors to
benefit the reader, the posted materials are not copyedited and
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