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“Harm reduction is a set of principles and an evidence-informed package of
services and policies that seek to reduce the health, social and economic harms

of drug use.”
Quote from the chapter “Harm Reduction: Linking human rights and public health” (1).



Table of contents

Y o] o] (=Y = Ao o L P 5
ADSErACt (ENQGIISN) ...ttt e 6
P oy = T A (1T 0 1T ) PP 7
R 1 oo U T3 1T o TR 8

1.1 Research questions
2 Y, =1 g Yoo £ O 9

2.1 Sampling and recruitment
2.2 Collection of socio-demographic and behavioural data
2.3 Laboratory testing for HIV, hepatitis B and C
2.4 Key definitions implemented for the analyses
2.5 Statistical data analyses
2.6 Ethical approval, data protection and funding
3. RESUIS . 11
3.1 Socio-demographics, substance use and other characteristics of the study participants
3.2 Contact with health care and harm reduction services
3.3 Prevalence of HIV, HBV and HCV, treatment access and knowledge of infection status
3.4 Factors associated with HBV infection and HBV vaccination

3.5 HCV, HIV and related risk behaviours among migrants from the former Soviet Union
who inject drugs

3.6 The association between detention experience and hepatitis C among people who
inject drugs

3.7 HCV prevalence and estimated HCV incidence among people who recently started
injecting drugs

O B 11Tl U 111 Lo ] o EP R 15

4.1 Risk behaviours, drug consumption patterns and access to health and harm reduction
services

4.2 Prevalence of HIV, hepatitis B and C and need for treatment

4.3 Awareness of infection status

4.4 Improving the uptake of hepatitis B vaccination among PWID

4.5 Recommendations for migrants from the former Soviet Union who inject drugs

4.6 Recommendations for reducing HCV transmission associated with detention
experience

4.7 Missed opportunities for BBI testing among new injectors
4.8 Limitations

ST 0 o] o Tor (U= o o HN PR PTPRR 20
B. REFEIENCES ...ttt e e et e e e e et e e e e e ennes 21
7. Statutory deClaration..............ooi i 30
8. Declaration of own contribution to the published papers.........cccooooiiiiiiiiiiiiciii e 31



Synopsis of the dissertation

9. Full text copies of the included six publiCations.............coociiiiiiiiie e 33

Paper 1: High variability of HIV and HCV seroprevalence and risk behaviours among people
who inject drugs: results from a cross-sectional study using respondent-driven sampling in
eight German cities (2011-14). BMC Public Health. September 2016. ..............cceovivvveeenn... 34

Paper 2: Concordance between self-reported and measured HIV and hepatitis C virus
infection status among people who inject drugs in Germany. BMC Hepatology, Medicine
and Policy. September 2016.........coo i 48

Paper 3: A large proportion of people who inject drugs are susceptible to hepatitis B:
Results from a bio-behavioural study in eight German cities. International Journal of
Infectious Diseases. OCIODEr 2017 .......ueiiiii e e e e e e e e e 55

Paper 4: Risk behaviours and viral infections among drug injecting migrants from the former
Soviet Union in Germany: results from the DRUCK-study. International Journal of Drug

POIICY. JUIY 20718ttt e e e e e e e e e et n e e e e e e e e 64
Paper 5: History of detention and the risk of hepatitis C among people who inject drugs in
Germany. International Journal of Infectious Diseases. January 2019 ...........ccccocoiieeiinneen. 73

Paper 6: High prevalence of hepatitis C virus infection and low level of awareness among
people who recently started injecting drugs in a cross-sectional study in Germany, 2011—
2014: missed opportunities for hepatitis C testing. BMC Harm Reduction Journal. January

20 7 O SRR 80
10. CV Or SHNE NIBISEN ... e e e e e e e e e e e aeeeeeens 90
11. Complete list Of PUDIICALIONS .......coiiiiiieee e 94
12, ACKNOWIEAGEMENTS ..ottt e e e e e e e e e e e e s e e e eeeas 97



Synopsis of the dissertation

Abbreviations

AB — antibodies

BBI — blood-borne infections

CHC - chronic hepatitis C infection
Cl - confidence interval

DAA — direct acting antivirals

DBS - dried blood spots

DCF — drug consumption facilities
DRUCK - Drogen und chronische Infektionskrankheiten (“drugs and chronic infectious
diseases”)

FSU — former Soviet Union

GP — general practitioner

HBV — hepatitis B virus infection
HCV — hepatitis C virus infection
IDU — injecting drug use

LI — long-term injectors

MVA — multivariable analysis

NSP — needle and syringe programmes
NI — new injectors

OR - odds ratio

OST - opioid substitution therapy
PWID — people who inject drugs
RDS - respondent driven sampling
RKI — Robert Koch Institute

UVA — univariable analysis

WHO — World Health Organization



Synopsis of the dissertation

Abstract (English)

Background:

People who inject drugs (PWID) are at increased risk of acquiring and transmitting blood-
borne infections (BBI) such as HIV, hepatitis B (HBV) and hepatitis C (HCV) through unsafe
injecting practices and unprotected sex. In the six papers included in this doctoral dissertation,
we aimed to examine BBI prevalence, risk behaviours and access to health and harm
reduction services among PWID to inform and scale-up targeted prevention efforts in
Germany.

Methods:

We performed several both descriptive and multivariable analyses based on a multicity bio-
behavioural survey using respondent driven sampling conducted in eight German cities
between 2011 and 2014. Inclusion criteria were age >16 years and having injected drugs in
the last 12 months. All participants were interviewed using a standard questionnaire and
provided a capillary blood sample which was tested for HIV, HBV and HCV.

Results:

Overall, 2077 PWID were recruited. Most (89%) participants had injected drugs for five years
or more, 80% had detention experience, 49% were currently in opioid substitution therapy
(OST) and the majority (86%) had recently visited a low threshold drug service. Prevalence
was 4.8% for HIV, 41% for chronic HCV infection (CHC) and 1.1% had current HBV infection.
Overall, 32% had vaccine-induced HBV antibodies and no detectable HBV antibodies
indicating susceptibility to HBV infection were found in 43%. Overall, 17% of those with HIV
and 27% of those with CHC did not know they were infected. We found a strong association of
the study city with HBV vaccination, and no association between HBV vaccination and
detention or OST experience. PWID born in the former Soviet Union had higher HCV
seroprevalence and more often reported risky drug consumption behaviours compared to
German PWID. The proportion of PWID positive for HCV increased with both frequency and
duration of their detention experience. People injecting <2 years were less often tested for
HCV despite frequently attending addiction therapy.

Conclusions:

HIV, HBV and HCV varied between the city samples. However, HCV was highly endemic
among PWID and behaviours linked with increased infection risk were prevalent in all cities.
We identified missed opportunities for linkage to services and the six papers included in this
doctoral dissertation all contribute key findings useful for strengthening BBI prevention and
control interventions among PWID in Germany.
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Abstract (German)

Hintergrund:

Personen, die Drogen injizieren (IVD), haben ein erhdhtes Risiko, aufgrund gemeinsamen
Gebrauchs von Injektionsutensilien und ungeschiitzten Sexualkontakten sexuell und durch
Blut Gbertragene Infektionen wie HIV, Hepatitis B (HBV) und Hepatitis C (HCV) zu erwerben
und weiterzugeben. In den sechs in dieser Dissertation enthaltenen Publikationen wollten wir
HIV, HBV und HCV Seropravalenzen untersuchen, sowie damit gekoppelte Daten zu Risiko-
und Praventionsverhalten einschlieRlich Zugang zu Angeboten der Schadensminimierung,
Suchttherapie und medizinischen Versorgung von IVD analysieren, um gezielt die Pravention
zum Schutz vor HIV und Hepatitiden bei IVD in Deutschland zu informieren und zu starken.

Methodik:

Far diese Publikationspromotion haben wir mehrere deskriptive und multivariable Analysen
(MVA) durchgefuhrt, die sich alle auf einem multizentrischen Sero- und Verhaltenssurvey
unter IVD basieren. Die Studie wurde zwischen 2011 und 2014 in acht deutschen Stadten
durchgefuhrt. Einschlusskriterien waren intravenéser Drogenkonsum in den letzten 12
Monaten und ein Mindestalter von 16 Jahren. Neben einem ausflhrlichen
fragebogengestuitzten Interview wurden Kapillarblutproben von Teilnehmern anonym auf HIV,
HCV und HBV untersucht.

Ergebnisse:

Insgesamt wurden 2077 IVD rekrutiert. Die meisten (89%) Teilnehmer hatten finf Jahre oder
langer Drogen injiziert, 80% hatten Hafterfahrung, 49% waren aktuell in
Opioidsubstitutionstherapie (OST) und die Mehrheit (86%) hatte in den letzten 30 Tagen eine
niedrigschwellige Drogenberatungsstelle besucht. Die Pravalenz von HIV war 4,8%, 41%
hatten eine chronische HCV-Infektion (CHC), 1,1% hatten eine akute/chronische HBV-
Infektion, 32% waren HBV-geimpft und bei 43% wurden keine HBV-Antikérper nachgewiesen.
Insgesamt wussten 17% der HIV-Infizierten und 27% der Teilnehmenden mit CHC nicht, dass
sie infiziert waren. Die MVA zeigte eine starke Assoziation zwischen HBV-Impfung und der
Studienstadt jedoch keine zwischen HBV-Impfung und Inhaftierung oder OST-Erfahrung.
Teilnehmende, die in Nachfolgestaaten der Sowjetunion geboren waren, hatten eine héhere
HCV-Seropravalenz und berichteten haufiger tUber riskantes Drogenkonsumverhalten im
Vergleich zu deutschen IVD. Der Anteil von HCV-Infektionen nahm mit kumulativer Haftdauer
und Anzahl der Inhaftierungen zu. Personen, die <2 Jahre injizierten, wurden -trotz haufiger
Suchttherapieerfahrung- seltener auf HCV getestet.

Schlussfolgerungen:

Es gab deutliche Unterschiede in der Seropravalenz von HIV, HBV und HCV zwischen den
acht Studienstadten, jedoch waren HCV-Infektion sowie Verhaltensweisen, die mit einem
erhéhten BUI-Risiko verbunden sind, in allen Stadten weit verbreitet. Eine bessere
Kooperation zwischen u.a. niedrigschwelliger Drogenhilfe, dem Suchtmedizinsystem,
Justizvollzugsanstalten und der Arzteschaft kann hier helfen. Alle Publikationen in dieser
Dissertation tragen wichtige Erkenntnisse zur Anpassung der Praventionsempfehlungen bei
IVD in Deutschland bei.
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1. Introduction

People who inject drugs (PWID) are at increased risk of being infected with blood-borne
infections (BBI) such as viral hepatitis B and C (HBV and HCV) and HIV through sharing of
injection paraphernalia and unprotected sex (2-5). In the past in Germany, few bio behavioural
studies had been done among PWID to investigate the prevalence of HBV, HCV, HIV and the
related risk- and protective factors for these infections (6-10). These previous studies had
limited geographical coverage and were based on convenience sampling. There is no routine
monitoring system in place in Germany to monitor infections or risk and preventive behaviours
among PWID. German HCV notification data shows that injecting drug use is attributed to
75% of newly diagnosed cases with information on route of transmission (11).

The objective of the DRUCK-study (“DRUCK” is an acronym based on the German translation
of “Drugs and chronic infectious diseases”) was to estimate the prevalence of HBV, HCV and
HIV among PWID as well as to gather information on risk and health seeking behaviours
among this population in order to inform and scale-up prevention efforts for this group in
Germany.

In total, six papers published between 2016-2020 are included in this doctorate by publication
(12-17).

1.1 Research questions
With this dissertation research project, we aimed to address the following questions:

1. What are the key characteristics of PWID in Germany — in terms of socio-
demographics, utilisation of health and harm reduction services, substance use
patterns and risk behaviours related to drug use (12)

2. What is the prevalence of HBV, HCV and HIV among people who inject drugs in
Germany (12, 14)

3. How well are people who inject drugs aware of their infection status - comparing the
self-reported infection status with the serological markers of infection (13)

In addition, detailed analyses of the following topics were done:

4. Factors associated with HBV infection and HBV vaccination including
recommendations for improving the uptake of HBV vaccination among people who
inject drugs in Germany (14).

5. An investigation of HCV and HIV seroprevalence and related risk behaviours among
migrants from the former Soviet Union who inject drugs in Germany in order to identify
potential needs for targeted interventions in this sub-group (15).

6. The association between detention experience and HCV status among PWID including
the role of duration and frequency of detention for HCV status and whether risk
behaviours practiced in detention could explain an observed increase in risk (16).

7. Description of characteristics, HCV prevalence and estimated HCV incidence among
people who recently started injecting drugs including recommendations for improved
uptake of BBI testing and prevention efforts in this group (17).
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2. Methods

A detailed explanation of the methodology used in the DRUCK-study is given in the published
study protocol (18) and the Wenz et al paper (12). In the following a brief overview of the
methods is provided.

Data was collected in the following eight German cities between May 2011 and May 2014:
Berlin, Essen, Leipzig, Frankfurt, Cologne, Hanover, Munich and Hamburg with the aim of
recruiting between 200-400 participants in each city. Eligible for participation were people
aged 16 years or older who had injected drugs in the last 12 months, and who consumed
drugs in one of the eight study cities. Participants could only participate in the study once and
all had to provide informed consent (12, 18).

2.1 Sampling and recruitment

Participants were recruited using respondent driven sampling (RDS) — a “chain referral” and
modified “snowball” sampling technique and analysis tool which was introduced in 1997 as an
approach to study “hidden populations” (19). The RDS approach has since been used in
hundreds of studies worldwide to assess e.g. HIV prevalence and associated risk behaviors in
often stigmatized and criminalized populations who cannot be identified through a standard
sampling frame but who are linked through social networks such as for example people who
use drugs (20, 21).

Low threshold drop-in drug services were used as study sites in all study cities. In each city,
between 8-12 initial participants (called “seeds”) were identified through local study partners to
start recruitment. The “seeds” were selected to represent a broad range of PWID in the local
setting with respect to e.g. socio-demographic and behavioural characteristics. Study
participation was reimbursed with 10 euros (in cash) and an additional 5 euros for each
successful peer-recruitment, with a maximum of three recruitments per participant.
Recruitment expanded through so called “recruitment waves” where the “seeds” recruited the
first wave of participants, who then recruited a second wave of participants and so on until the
targeted sample size was reached or until the end of the scheduled recruitment period (12).
Individual identification numbers on the coupons allowed monitoring of the recruitment
process. When reporting the study results we followed the 2015 guidelines for reporting on
epidemiological studies using RDS (22).

2.2 Collection of socio-demographic and behavioural data

A two-day training of the study staff in each study city was done prior to starting data collection
to ensure standardisation and adherence to the study protocol (12).

Participants were interviewed by trained staff of the local low threshold drug services using a
paper questionnaire which was based on a model questionnaire for bio-behavioural surveys in
people who inject drugs developed by the European Monitoring Centre for Drugs and Drug
Addictions (EMCDDA) (23, 24) and adapted to fit to the local settings as well as to ensure
standardization with current global indicators in international reporting mechanisms such as
the Global AIDS Response Progress Reporting (25). The questionnaire covered the following
topics: socio-demographic characteristics, substances used, injecting behaviour, sexual risk
behaviour, detention experience, use of health and addiction services including history of
testing and knowledge related to HIV, HBV and HCV. Most interviews lasted 30-45 minutes.
Minor modifications were made to the questionnaire throughout the study period and therefore
some variables are not available for all cities. An example of the questionnaire can be found
online at the RKI DRUCK-study website (26).



Synopsis of the dissertation

2.3 Laboratory testing for HIV, hepatitis B and C

Dried blood spots (DBS) from capillary blood were collected and tested for HIV, HCV and HBV
markers. Samples reactive for HIV-1/-2 antibodies (AB) were confirmed by Western blot. All
samples were tested both for HCV AB and by PCR. Chronic HCV infection (CHC) was defined
as testing both HCV AB and HCV RNA positive whereas HCV positivity (used as outcome
variable in the last three papers (15-17)) was defined as either HCV AB and/or HCV RNA
positive. DBS were tested for the following HBV markers: HBsAg (only during the pilot phase
in Berlin and Essen), HBV-DNA, antibodies to hepatitis B surface antigen (anti-HBs), and
antibodies to hepatitis B core antigen (anti-HBc) (in all study cities) (14). The interpretation of
HBYV laboratory results was performed in accordance with the German clinical guidelines (14,
27). Participants who were positive for anti-HBs and negative for all other HBV markers were
classified as having vaccine-induced antibodies. Past HBV infection was defined by testing
positive for anti-HBc and negative for HBsAg or HBV-DNA and current HBV infection as
positive for HBsAg. Further details on the DBS testing and lab procedures are described
elsewhere (18, 28).

2.4 Key definitions implemented for the analyses

The use of stimulant drugs was defined as the consumption of amphetamine,
methamphetamine, cocaine, crack, or 3,4-methylenedioxyme-thamphetamine (MDMA) during
the last 30 days, regardless of the mode of consumption.

For the analysis of factors influencing HBV infection, HBV vaccinated participants were
excluded. For the analysis of factors influencing HBV vaccination, participants with
current/past HBV infection were excluded (14).

Migration status was defined by country of birth: first-generation migrants were not born in
Germany and second-generation migrants were born in Germany, but one or both parents
were not born in Germany. Migrants from the former Soviet Union (FSU) were defined as
those born in Armenia, Azerbaijan, Belarus, Estonia, Georgia, Kazakhstan, Kyrgyzstan,
Latvia, Lithuania, Moldova, Russia, Tajikistan, Turkmenistan, Ukraine, or Uzbekistan (15).

To explore the association between detention experience and HCV status among PWID we
defined detention experience as having been in any of the following: juvenile arrest/prison,
pre-trial custody, prison and forensic commitment (i.e. detention in a clinic for forensic
psychiatric care following a criminal conviction) (16).

Finally for the last analyses presented in this dissertation, we defined people who had injected
drugs for less than five years as “new injectors” (NI) in line with other studies (29-31) and
estimated HCV incidence among NI using the following reported variables: date of study
participation, month and year of birth and age when IDU was initiated. By assuming that all
participants were HCV-negative when they began injecting drugs and that infection occurred
at midpoint between initiation of IDU and participation in the study we used stochastic
simulation to simulate the (unknown) month injection drug use was initiated and the (unknown)
later time point HCV infection occurred based on 200 realisations in each case. For each
realisation, we performed a bootstrap to account for the sampling error and characterised the
resulting probability distribution by its mean and the 2.5 and 97.5 percentiles (17).

2.5 Statistical data analyses

Initially, descriptive analyses were performed, generating counts and frequencies for all
variables including the overall HIV, HCV and HBV seroprevalence. Most variables had less
than 5% missing values and missing data were excluded when calculating percentages.

10
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Where appropriate, Chi2- or Fisher exact test (i.e. when expected cell size <5) were

performed to describe differences between groups. Univariable (UVA) and multivariable
analysis (MVA) were performed using logistic regression and the odds ratio (OR) and 95%
confidence interval (Cl) for key variables of interest were calculated. For the MVA, models
were built using stepwise forward selection by adding factors with a p-value lower than 0.2 in
the UVA. Multivariable models were always adjusted for sex, age and study city. Other
variables were retained only if the p-value was <0.05 in the likelihood ratio test. Interaction
terms considered meaningful a priori were examined and added to the MVA models one by
one, checking for significant improvement using the likelihood ratio test (p < 0.05). Data
analyses were performed using Stata versions 13.1, 14.0, 14.1 and 15.1 for Windows.

2.6 Ethical approval, data protection and funding

Ethical approval for the study was granted by the ethics committee at the Charité University of
Medicine (Berlin) in 2011 and with an amendment approved in 2012 (Number EA4/036/11). In
2012, the Federal Commissioner for Data Protection and Freedom of Information approved
the study protocol (111-401/ 008#0035) (18). All participants provided informed consent
allowing their anonymized data to be used for publication. No personal data allowing
identification of study participants were collected. Informed consent forms and questionnaires
were sent from the study sites to the RKI where data entry and analysis were performed.
Informed consent forms were stored separately from questionnaires and these study materials
were only accessible to a limited number of study personnel. In each of the study cities,
referral structures were organized so that participants who received their HIV, HCV and HBV
test result could be referred to medical care for further diagnostics and treatment, if necessary
(14).

The pilot phase in 2011 (data collection in Berlin and Essen) was funded by the RKI. And the
rest of the study (from April 2012 to January 2016) was funded by the German Federal
Ministry of Health.

3. Results
In total, 2077 people who had injected drugs in the last 12 months were included in the study.

3.1 Socio-demographics, substance use and other characteristics of the study
participants

The median age was 38 years and ranged between 29-41 years in the eight study cities,
participants recruited in one study city (Leipzig) were markedly younger than the other
participants (12). The majority of participants were male (77%) and the proportion of female
participants ranged from 19 to 35% in the eight cities (12). Between 9-31% of participants
were born outside of Germany. More than half (53-77%) reported ever having been homeless
and 73-86% were ever in detention (12). Median duration of injecting was 10-18 years (12).
Most participants (76-88%) had injected drugs in the last 30 days and 57-85% reported heroin
consumption in this period (12). The type of substances consumed varied across the eight
cities. Leipzig had a uniquely high proportion of participants reporting methamphetamine
consumption (67%) (12). Cocaine consumption was high (reported by more than half of
participants) in three cities (Hamburg, Hannover and Essen) whereas consumption of crack

11
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was reported by more than half of participants in Frankfurt and Hanover (12). Sharing needles
or syringes in the last 30 days was reported by between 5-22% of participants, while sharing
unsterile paraphernalia such as spoons, filter or water was reported by 33-44% (12).

3.2 Contact with health care and harm reduction services

The proportion of people currently in opioid substitution therapy (OST) varied between 31-
66% across the eight study cities and 55-89% had ever been in OST (12). Between 79-91% of
participants had visited a low threshold drug service in the last 30 days. And 77-95% had
been to see a doctor in the last year (12). The proportion of participants tested for HIV and
HCV in the last 12 months was lowest in Leipzig (44% and 29%, respectively) and varied
between 57%-70% and 42-75% respectively in the remaining seven study cities (12).

There were large differences between the eight study cities for several of the variables
collected. Table 1 (below) presents selected key variables by study city. More details on the
descriptive results from the study are presented in the Wenz et al paper (12).

3.3 Prevalence of HIV, HBV and HCV, treatment access and knowledge of infection
status

In total, 100 participants (4.8%) tested positive for HIV (13). One additional sample was
reactive for HIV AB, but had an indeterminate immunoblot result, and was not classified as
HIV positive (13). The HIV prevalence varied between 0 in Leipzig and 9.1% in Frankfurt (12).
Out of the 100 HIV positive participants, 56% reported currently receiving ART treatment (32).
Chronic HCV infection (CHC) was found among 857 (41%) participants, cleared HCV infection
among 457 (22%), acute HCV infection among 47 (2%) and 716 (34%) were found to be
unexposed to HCV (13). CHC varied between 23%-54% in the study cities (see table 1 &
(12)). Among the in total 1361 ever HCV positive participants, 1092 people were identified as
ever being in need of HCV treatment (defined as current CHC or ever reporting HCV
treatment) and among these 30% reported ever starting interferon-based HCV treatments
(32).

Overall, 17% of those with HIV and 27% of those with CHC infection did not know they were
infected (13).

A current HBV infection was found in 1.1% (city range: 0.3-2.5%), past HBV infection among
24% (city range: 2-31%) and 32% had vaccine-induced HBV antibodies (city range: 15-52%).
No detectable HBV antibodies indicating susceptibility to HBV infection were found in 43%
(city range: 16-69%) (see table 1 & (14)).

12
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Table 1: Overview of socio-demographics, infection status, substance use behaviours,
detention experience and access to health and harm reduction services among study

participants in each of the eight study cities (N=2077)

Berlin Essen | Leipzig | Frankfurt | Cologne | Hanover | Munich | Hamburg | Range
Participants N=337 | N=197 N=130 N=285 N=322 N=252 N=235 N=319 197-337
% female 19% 20% 22% 26% 23% 20% 35% 22% 19-35%
Median age; 35; 38; 29; 39; 41; 39; 39; 40; 29-41
range 18-60 19-55 18-55 20-64 18-62 19-64 19-63 1765
% <25years 9% 5% 21% 2% 3% 6% % 4% 2-27%
% foreign-born 31% 19% 9% 21% 21% 23% 17% 26% 9-31%
% ever homeless2 |  65% 65% 7% 74% 68% 53% 59% 71% 53-77%
HIV, HCV and HBV infection status
HIV+ 3.9% 6.1% 0% 9.1% 1.6% 8.7% 3.0% 5.0% 0-9.1%
HCV+b 55% 73% 42% 66% 71% 75% 63% 70% 42-75%
Chronic HCV ¢ 37% 45% 23% 50% 48% 54% 36% 45% 23-54%
HBV vaccinated 15% 23% 26% 26% 25% 52% 51% 42% 15-52%
HBV acute/ 0.3-
chronic 0.3% 2.5% 2.3% 1.4% 1.2% 0.4% 0.9% 0.6% 2.5%
Past HBV 16% 30% 2% 27% 25% 31% 24% 27% 2-31%
HBV unexposed 69% 44% 69% 46% 49% 16% 24% 30% 16-69%
Use of health care services and testing history
Visit to harm
reduction service ¢
(last 30d) - - - 91% 81% 88% 79% 89% 79-91%
Everin OST 73% 86% 55% 82% 87% 84% 89% 80% 55-89%
Current OST 40% 43% 31% 45% 66% 43% 55% 56% 31-66%
Tested for HIV
(last 12m)e 57% 68% 44% 66% 70% 61% 70% 68% 44-70%
Tested for HCV
(last 12m) f 49% 59% 29% 54% 59% 42% 75% 47% 29-75%
Substance use behaviours and detention experience
Median years
injecting (+ SD) 13(x9) | 17 (29 10 (26) 17 (10) 18 (29) 18 (x9) 17 (29) 18 (29) 10-18
Injecting
<2 years 8% 5% 1% 5% 4% 3% 5% 6% 311%
Injecting in the last
30d 83% 86% 76% 84% 82% 80% 80% 88% 76-88%
Heroin use (last
30d) 83% 78% 69% 79% 85% 75% 57% 63% 57-85%
Cocaine use (last
30d) 37% 61% 18% 44% 47% 66% 21% 80% 18-80%
Shared needle/
syringes (last 30d) 15% 19% 18% 5% 20% 22% 13% 11% 5-22%
Shared equipment
9 (last 30d) 38% 34% 43% 44% 34% 33% 35% 33% 33-44%
Everin detentionh | 77% 86% 83% 84% 82% 86% 73% 80% 73-86%

Footnotes for table 1: SD = standard deviation; 12m = 12 months; 30d = 30 days; “-“ data not collected

@ Main reported form of residence, included living on the street and in homeless shelters;

b HCV+: anti-HCV and/or HCV RNA positive; ¢ Chronic HCV: anti-HCV and HCV RNA positive;
4 Low-threshold harm reduction service; ¢ Excluding those with a HIV diagnosis older than 12 months;

f Denominator includes participants never tested, never tested positive and those who had their first
HCV diagnosis in the last 12 months; ¢ Injection equipment: e.g. spoon, filter and water;

h Detention includes juvenile arrest/prison, pre-trial custody, prison, forensic commitment (i.e. detention
in a clinic for forensic psychiatric care, following a criminal conviction).

13
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3.4 Factors associated with HBV infection and HBV vaccination

The most frequently reported settings where participants had their last HBV vaccination were
medical doctors not offering addiction therapy, e.g. general practitioners (34%), OST services
(23%) and hospitals (17%) (14). Few participants reported having been vaccinated in prison,
in low threshold drug services or during long-term addiction therapy. In our multivariable
analysis (MVA), we found a strong association of the study city with HBV vaccination, and no
association between having vaccine-induced HBV antibodies and having been in detention or
in OST (14). HBV infection status was significantly associated with study city, age, years of
injecting, use of stimulants, migration status and homelessness (14).

3.5 HCV, HIV and related risk behaviours among migrants from the former Soviet Union
who inject drugs

Among the participants, N=208 were FSU-migrants and N=1318 were born in Germany. FSU-
migrants were more often male (83% vs. 76%, p=0.022) and younger than Germans (median
age: 33 vs. 39 years) (15). HCV seroprevalence was higher in FSU-migrants; 75% vs. 65% in
Germans (p=0.006), but there was no significant difference in HIV seroprevalence 5.8% vs.
4.6% (p=0.443) (15). FSU-migrants more often reported risky drug consumption behaviours
such as: injecting daily (39% vs 30%, p=0.015), injecting with friends (39% vs. 31%, p=0.038),
cocaine use (33% vs. 24%, p=0.044), consuming more than one drug (18% vs. 10%,
p=0.006), and sharing filters/cookers (36% vs. 28%, p=0.045) (15). We found no statistically
significant differences in HIV/HCV testing rates (range: 51%—66%), opioid substitution
treatment (44% vs. 51%) or access to clean needles/syringes (90% in both groups) (15). In
the MVA we saw that the risk for HCV-infection was increased in male FSU-migrants
compared to German males (OR 3.32, p=0.006), whereas no overall difference was identified
between female FSU-migrants and German females (OR: 0.83, p=0.633) (15). However, the
risk for HCV infection at a younger age was higher for females than for males (15).

3.6 The association between detention experience and hepatitis C among people who
inject drugs

In total, 1998 participants had complete information about detention experience and were
included in this analysis (16). Among these 20% reported no detention experience, 29% short
and rare experience (meaning <3.5 years in total, <3 times in detention), 12% reported short
but frequent experience, 7% long but rare experience and 32% long and frequent experience
(16).

We found that the proportion of PWID positive for HCV increased with both frequency and
duration of their detention experience (16). The association between detention experience and
HCV status remained statistically significant after correcting for known HCV risk factors. By
adjusting our MVA model for risk behaviours practised during detention', the ORs of detention
experience were reduced but remained significant: OR 1.83 (95% CI 0.97-1.76) for short and
rare experience, OR 1.83 (95% CI 1.25-2.67) for short but frequent experience, OR 2.68
(95% CI 1.62— 4.42) for long but rare experience, and OR 2.80 (95% CI 1.92—4.09) for long
and frequent detention experience, compared to those with no detention experience (16).

I'In-detention risk behaviours were defined as reporting either “ever injecting drugs in detention” or
“ever having had a non-professional tattoo or piercing in detention” (16).
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3.7 HCV prevalence and estimated HCV incidence among people who recently started
injecting drugs

Among the study participants 11% had injected drugs for less than five years and were
classified as NI (17). These participants were more often female and younger at study
participation, but older at the time of initiation of IDU compared to long-term injectors (LI) (17).
NI were less likely to be HCV antibody positive compared to LI (36% vs 70%), but among HCV
antibody positives a higher proportion of NI had chronic HCV (76% vs 66%) (17). Among the
NI who were HCV antibody positive, 41% were unaware of their HCV-status (17). The
estimated HCV incidence was 20 infections/100 person years at risk among people injecting
less than 5 years and 36 infections/100 person years at risk among people injecting less than
2 years (17). No previous HCV testing was reported by 27% of NI compared to 6% among LI
and more than half of those never tested for HCV had been in contact with addiction therapy
(17). More than 80% of NI had attended low-threshold drug services in the last 30 days and
we did not find any significant differences in unsafe drug injecting behaviour practiced in the
last 30 days between NI and LI (17).

4. Discussion

The six papers included in this doctoral dissertation all contribute key findings which are useful
for informing and strengthening public health interventions aimed at improving the uptake of
BBI prevention and control interventions among PWID in Germany. In the following the main
outcomes from the six papers are discussed.

4.1 Risk behaviours, drug consumption patterns and access to health and harm
reduction services

The majority of recruited participants were male, the median age was 38 and most had
injected drugs for more than 10 years (12). We found that unsafe drug use behaviour such as
sharing unsterile needles/syringes or other paraphernalia (such as spoons, filters or water)
was reported in all study cities. This may be linked in part to knowledge gaps around
transmission and preventive behaviours for HIV and viral hepatitis (33) as well as the fact that
access to clean equipment is still insufficient in some areas (12). Like other studies we found
that sharing of other paraphernalia was more common than sharing needles or syringes (34,
35) highlighting the need for intensified communication to PWID about the risk of BBI
transmission through unsterile paraphernalia. Sharing of unsterile needles/syringes or other
paraphernalia has been shown to be linked to the types of substances consumed with
injection of shorter-acting drugs (such as new psychoactive substances and cocaine) requiring
higher frequency of injection and thereby a higher supply of sterile injecting equipment (36-
39).

In our study heroin was the mostly commonly consumed substance in all cities except for in
Hamburg (where 80% reported consuming cocaine vs 63% reporting heroin consumption in
the last 30 days) (12). Large sub-national variations in injecting behaviours are common in
most countries (40).

The proportion of participants tested for HIV or HCV in the last 12 months also varied
considerably between the study cities, but was overall higher than testing rates observed
among other risk groups in Germany such as men who have sex with men (41) and higher
than BBI testing rates among PWID reported from other countries (42-44).
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The majority of participants (55-89%) had experience with ever being in OST and between 31-
66% were currently in OST. This is on average slightly lower than a recent estimate of OST
coverage in Western Europe (43). It is important to bear in mind that OST is a well-
documented option for linking PWID to BBI prevention, testing and care interventions (45-48),
but also that OST is not relevant for PWID who are injecting non-opioids.

Participants were asked about recent (last 30 days) visits to low threshold drug services
(LTDS) in five of the eight study cities (12). A high proportion (79-91%) of participants reported
attending a LTDS indicating that these drop-in harm reduction facilities reach a large
proportion of PWID in Germany. LTDS are recommended as ideal settings to reach PWID with
voluntary testing, counselling and linkage to care for BBI (49-51).

4.2 Prevalence of HIV, hepatitis B and C and need for treatment

The HIV prevalence among participants was much higher than the estimated 0.1% national
HIV prevalence in Germany in end 2015 (52). An HIV prevalence of 5% or more was found in
four of the study cities. These results are higher compared to reported data on the HIV
prevalence in PWID in many other Western European countries, such as the United Kingdom,
Denmark, Norway, Austria, or Luxemburg, but lower than in countries like Italy, Portugal and
France (3, 12).

HCV was highly endemic among participants in all study cities and CHC prevalence varied
between 23-54% (12). The prevalence of HBV among the study participants was about five
times higher than the HBV prevalence in the general population in Germany (53), confirming
PWID as an important risk group for HBV in Germany (14). Many factors are likely associated
with the geographically heterogeneous BBI prevalence found: two key factors are likely to be
age (which is closely linked with duration of injecting) and drug use patterns in each city (12).
Cities with older participants, long-established drug scenes (e.g. Essen, Hanover and
Frankfurt) and frequent cocaine consumption all had high levels of HIV, HBV and HCV (12). A
recent systematic review found that HCV AB prevalence in the EU/EEA countries varied
between 14-84% (54) and a global modelling study estimated CHC prevalence among PWID
in Western Europe to be between 36-44% (4).

Several studies on HCV among PWID in Europe done around the same time as our study,
only tested for HCV AB and did not include HCV RNA results (55, 56). This is a problem as
HCV AB results alone does not give any information on the number of PWID with CHC in
need of treatment. We found that nearly half of the HIV positive participants were not on ART
treatment and only 30% of those ever in need of HCV had ever started treatment (32).

4.3 Awareness of infection status

We found that awareness of infection status was relatively high among PWID. Our results
compare well with the estimated proportion of PWID with undiagnosed HIV in Germany from
the Robert Koch Institute and indicate that awareness of HIV infection might be higher among
PWID than among men who have sex with men and non-injecting heterosexuals who overall
seem to be tested less regularly (13, 57).

The awareness rate of 73% among those with CHC, is high compared with similar studies of
PWID from Europe and Australia (31, 55, 56, 58) and also higher than the estimated
awareness among people with CHC in the general population in both Germany and most
other European countries (59-62).

But despite high awareness, more than a quarter of those with chronic HCV and nearly one in
five of those with HIV did not know their status, although they were often in OST or attending
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other harm reduction services where BBI testing and counselling should be easily available
(13). Not being aware of the infection status implies that they cannot access appropriate care
and risk unknowingly transmitting the infection to others (13).

4.4 Improving the uptake of hepatitis B vaccination among PWID

Despite Germany having a clear recommendation to vaccinate PWID and people with
detention experience as well as people with HCV infection against HBV since 1982, a large
proportion of PWID remain at risk of HBV infection, as indicated by 43% of participants having
no infection- or vaccine-induced antibodies (14). However, young study participants (<25
years) had a higher proportion of vaccine-induced immunity and a lower prevalence of HBV
infection than those in the older age groups, suggesting that they had been covered by the
routine infant vaccination recommendation implemented in Germany in 1995 (14).

In our MVA, we found no association between having vaccine-induced HBV antibodies and
having detention experience or having been in OST although these are appropriate settings to
target PWID for HBV vaccination (14). Also, few participants reported having been vaccinated
in prison, low threshold drug services or during long-term addiction therapy indicating that all
these settings could be better utilised to improve HBV vaccination rates among PWID (14).
Further research is needed to better understand why more PWID are not vaccinated in these
settings in Germany. The WHO guidance on prevention of viral hepatitis B and C among
PWID from 2012 (63) highlights that both a rapid vaccine schedule (64-66) as well as
providing cash incentives (67-69) and convenient access (70-72) significantly increases the
uptake and completion of HBV vaccination among people who use drugs. The guidance also
specifies that HBV vaccination should be provided at a location and a time convenient for
PWID (63).

There is a need for intensifying efforts to ensure that HBV vaccination is routinely offered
during OST and in prison settings in order to improve HBV vaccination coverage among PWID
in Germany.

4.5 Recommendations for migrants from the former Soviet Union who inject drugs
The population of FSU-migrants in Germany has been described as heterogeneous in terms
of integration, language skills and health-related risk patterns (73). We found that FSU-
migrants who inject drugs were more often male, younger, were more likely to report risky
drug consumption behaviours and more often had HCV compared with native Germans who
inject drugs (15). This is in line with findings from a similar study among Russian-speaking
drug users in Paris, France (74). A qualitative study among FSU-migrants in Germany with
problematic drug and alcohol consumption also found high prevalence of risk behaviours and
gaps in knowledge about HCV and the German health and addiction treatment system (75).
Participants from the FSU were more likely to report injecting a combination of drugs or
consumption of drugs that require a higher injecting frequency, such as cocaine, which has
been associated with a greater infection risk in several studies (39, 40, 76, 77).

In both groups, 90% reported that they had easy access to clean needles and syringes, only
around 50% were currently in OST and had been tested for HCV in the last 12 months (15).
This indicates good access to clean injection equipment, but that scaling up access to
addiction treatment services and HCV testing services for all PWID is needed.

The difference in overall the HIV prevalence between FSU-migrants and native Germans was
not statistically significant (5.8% vs 4.6%). As German participants were older, and thereby
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had longer time to get infected, this might have led to a similar total HIV prevalence in the two
groups (15). We found a larger proportion of HIV infected FSU-migrants in the younger age-
groups (<35 years), which could imply a recent higher HIV incidence in this groups, however
the numbers are too small to derive strong conclusions (15). A main result from the MVA was
that risk of HCV infection was higher in male FSU-migrants compared to male Germans also
after taking known risk factors such as detention experience in to account (15).

Strategies to better reach (male) FSU-migrant PWID might include providing information
regarding transmission routes and options for prevention in Russian and other languages of
the region. As well as ensuring regular testing and linkage to care, particularly for HCV, by
having Russian speaking staff and/or providing regular translations services including
engagement of peer workers at low threshold drug services (15). As we do not know when
participants migrated to Germany we cannot assess if HCV or HIV infection in participants
from FSU occurred before or after their arrival in Germany. The high proportion of CHC
among both FSU and German participants highlights the need for implementation of targeted
interventions to prevent and treat BBl among all PWID in Germany.

4.6 Recommendations for reducing HCV transmission associated with detention
experience

The majority (80%) of our participants reported detention experience. This is much higher than
the overall estimated proportion of PWID with detention experience in Western Europe (36%
(range: 30-41%)) (3). Detention facilities in Germany therefore offer an important opportunity
to counsel, test and treat PWID for BBI. Our analyses showed that risk behaviours practiced
during detention explained part of, but not all of the increased HCV risk among PWID with
detention experience indicating that transfers between community and detention involves
additional risks (16). This has also been found in other studies (78, 79). There is a high risk of
returning to illicit drug use in the period following release from prison (78, 80-82) and
individuals recently released from prison report syringe sharing more frequently than those
without recent prison experience (83). A transition both into and out of detention may cause
an interruption in OST for people in treatment, as specific arrangements for treatment
continuation are often not in place and OST not being available in all German detention
facilities (16, 84). Very few (<10) countries in the world offer needle and syringe programmes
(NSP) in prison (85) despite clear international recommendations to do so (86, 87). In
Germany, NSP is only available in one (female) prison (84). Difficulties in accessing sterile
injecting equipment can lead to increased unsafe use, as equipment is then frequently shared
between inmates (88-90).

The proportion of study participants who were HCV positive increased both with frequency
and duration of their detention experience (16). An important strength of this analysis is that it
considered the duration and frequency of detention simultaneously, thus allowing the
independent effects of both aspects to be observed (16). There is a need for increased HCV
prevention efforts throughout the detention process. NSP and evidence-based drug
dependence treatment, including OST, are known to reduce the risk of transmission of BBI
(48, 91-93) and should be made available along with regular BBI counselling, testing and
linkage to care for PWID in all German detention facilities.
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4.7 Missed opportunities for BBI testing among new injectors

The HCV incidence among participants who started injecting less than 5 years ago was similar
to findings from other international studies (29, 31, 94). The markedly higher estimated
incidence among the participants who had injected for less than 2 years supports that HCV
infection often happens early after initiation of IDU when PWID are e.g. not yet linked to harm
reduction services (17, 31).

We found that a relatively high proportion (27%) of NI had never been tested for HCV, despite
more than 50% reporting having been in contact with addiction therapy (17). This indicates
missed opportunities for integrated BBI testing in addiction services which are suitable settings
to reach PWID with BBI prevention and linkage to care interventions (42, 50, 95-97). However,
it is also important to offer BBI testing in other harm reduction services and settings where
PWID are reached (17). Low threshold drug services are important venues for needle and
syringe exchange in Germany and were frequented by a high proportion of both NI and LI
(17). Until very recently it was required in Germany that a physician was on-site when HCV-
testing is performed which greatly limited implementation of HCV testing in low-threshold
settings. However, since March 2020 (with the introduction of the “Masernschutzgesetz”) non-
physicians can perform rapid tests for BBI such as HIV and HCV. Allowing and training non-
physician providers to perform testing is recommended by international organisations (50, 98)
and has been shown to increase uptake of BBI testing among key risk groups such as PWID
(99). Apart from increasing testing in addiction services and low threshold drug services, we
found that also pharmacies, prisons and homeless shelters could be better utilised in
Germany to reach both NI and LI with BBI testing, prevention and linkage to care interventions
(17).

4.8 Limitations

Our study has a number of limitations which should be kept in mind when interpreting the
results.

Due to the cross-sectional design of this study we cannot draw conclusions on causality (e.g.
between potential risk factors and infection status). Minor alterations were made in the
questionnaire throughout the study period meaning that some variables are not available for
all eight cities (12).

Using DBS testing for HBV, HCV and HIV prevalence studies is a well-accepted and widely
used methodology (42, 100, 101). However, weakly anti-HBs-positive samples could have
been missed with the DBS technique, especially in HIV-positive persons (28). Therefore, our
prevalence of anti-HBs antibodies, e.g. of HBV vaccinated individuals, should be considered a
conservative estimate (14). Overall, the assessment of the serological test systems for HIV,
HCV and HBV showed good accordance between directly tested serum samples in
comparison to DBS (28).

Regarding representativeness, it is important to bear in mind that the selection of study cities
was based on the availability of low-threshold drug services both interested and able to
participate in the study (12, 18). We found large variations in the characteristics of the PWID
recruited from the eight study cities highlighting the difficulty in drawing national conclusions
and underlining the importance of tailoring interventions for PWID to the local context. Most
seeds (initial participants) were identified through the low-threshold drug services which were
used as study sites and this might have led to an overestimation of the proportion of PWID in
contact with low-threshold drug services (12). A selection bias from including more people with
good communication skills cannot be excluded (12). Some, but not all, study sites included
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supervised drug consumption facilities (DCF) where pre-obtained illegal drugs can be injected
or smoked under sanitary conditions and medical supervision. DCFs often attract long-term
and higher risk PWID (102-104) and the characteristics of the PWID recruited for our study
were similar to attendees of a German DCF (105). PWID recruited for our study may not be
representative of all PWID in Germany.

Also, although data were anonymized, some participants may have been reluctant to report
sensitive data such as unsafe drug injecting experiences and/or sexual behaviours correctly,
and answers might have been influenced by social desirability bias (12).

Finally, it is important to keep in mind that our study was planned and carried out before the
well-tolerated direct-acting antiviral (DAA) therapies for HCV infection became available.
These drugs have revolutionised HCV care and are highly effective also among people who
are injecting drugs (106-108). Hopefully HCV testing and treatment among PWID in Germany
will have increased in recent years and new studies are needed to assess this.

5. Conclusion

The six papers included in this doctoral dissertation have focused on various risk groups
within the population of PWID in Germany — including those not aware of their infection status,
those not vaccinated against HBV, FSU-migrants, those with detention experience and those
who recently started injecting. Such research to identify subgroups among PWID with a
potential increased need for BBI prevention and linkage to care is important to successfully
plan and target intervention strategies.

The DRUCK-study was the first large multicity bio behavioural study using RDS to recruit
PWID in Germany. In the recruited sample of people predominantly with a long duration of
injecting drug use, seroprevalence for HIV, HBV and HCV varied between the city samples.
However, HCV was highly endemic among participants in all city samples and behaviours
linked with increased risk of BBl were also prevalent in all cities. The DRUCK-study gathered
information on the characteristics of PWID in Germany and identified a need to further
intensify prevention strategies for BBI in this population. Several initiatives have been
launched since the DRUCK-study, these include the publication of the integrated German
strategy for controlling HIV, hepatitis B and C and other sexually transmitted infections (109),
increased BBI testing among PWID in low-threshold settings and a strengthened focus on
facilitating linkage to care such as through the project “HIV? Hepatitis? Das CHECK ich”
implemented in 2017-2019 (110) as well as increased access to DAA treatment for CHC. Also
following the DRUCK-study several awareness raising efforts regarding hepatitis aimed both
at PWID as well as at medical doctors (GPs and OST doctors) and staff working in low
threshold drug services have been carried out in Germany. All these initiatives have hopefully
contributed to an improved access to prevention and treatment of BBl among PWID in
Germany since the end of the DRUCK-study.

A major strength of the study was the establishment of a network of multiple stakeholders
including the low-threshold drug service and harm reduction organisations across the country.
A key challenge that still lies ahead is the implementation of an ongoing national monitoring
system for infections among PWID and their access to preventive interventions including the
package of essential public health harm reduction interventions (111-113). Efforts are
underway led by the RKI to establish such an ongoing monitoring among PWID in 2020.
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High variability of HIV and HCV @
seroprevalence and risk behaviours

among people who inject drugs:

results from a cross-sectional study

using respondent-driven sampling

in eight German cities (2011-14)

Benjamin Wenz', Stine Nielsen', Martyna Gassowski', Claudia Santos-Hévener', Wei Cai', R. Stefan Ross?,
Claus-Thomas Bock®, Boris-Alexander Ratsch?, Claudia Kiicherer®, Norbert Bannert®, Viviane Bremer',
Osamah Hamouda', Ulrich Marcus', Ruth Zimmermann'™ and the DRUCK Study group

Abstract

Background: People who inject drugs (PWID) are at increased risk of acquiring and transmitting HIV
and Hepatitis C (HCV) due to sharing injection paraphernalia and unprotected sex. To generate
seroprevalence data on HIV and HCV among PWID and related data on risk behaviour, a multicentre
sero- and behavioural survey using respondent driven sampling (RDS) was conducted in eight German
cities between 2011 and 2014. We also evaluated the feasibility and effectiveness of RDS for recruiting
PWID in the study cities.

Methods: Eligible for participation were people who had injected drugs within the last 12 months,

were 16 years or older, and who consumed in one of the study cities. Participants were recruited, using
low-threshold drop-in facilities as study sites. Initial seeds were selected to represent various sub-groups

of people who inject drugs (PWID). Participants completed a face-to-face interview with a structured
questionnaire about socio-demographics, sexual and injecting risk behaviours, as well as the utilisation of
health services. Capillary blood samples were collected as dried blood spots and were anonymously tested
for serological and molecular markers of HIV and HCV. The results are shown as range of proportions (min.
and max. values (%)) in the respective study cities. For evaluation of the sampling method we applied criteria
from the STROBE guidelines.

(Continued on next page)
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Results: Overall, 2,077 PWID were recruited. The range of age medians was 29-41 years, 18.5-35.3 % of
participants were female, and 9.2-30.6 % were foreign born. Median time span since first injection were
10-18 years. Injecting during the last 30 days was reported by 76.0-88.4 % of participants. Sharing needle/
syringes (last 30 days) ranged between 4.7 and 22.3 %, while sharing unsterile paraphernalia (spoon,

filter, water, last 30 days) was reported by 33.0-43.8 %. A majority of participants (72.8-85.8 %) reported
incarceration at least once, and 17.8-39.8 % had injected while incarcerated. Between 30.8 and 66.2 % were
currently in opioid substitution therapy. Unweighted HIV seroprevalence ranged from 0-9.1 %, HCV from
42.3-75.0 %, and HCV-RNA from 23.1-54.0 %. The implementation of RDS as a recruiting method in
cooperation with low-threshold drop in facilities was well accepted by both staff and PWID. We reached
our targeted sample size in seven of eight cities.

Conclusions: In the recruited sample of mostly current injectors with a long duration of injecting drug
use, seroprevalence for HIV and HCV varied greatly between the city samples. HCV was endemic among
participants in all city samples. Our results demonstrate the necessity of intensified prevention strategies for
blood-borne infections among PWID in Germany.

Keywords: PWID, Sero- and behavioural survey, HIV, Hepatitis C, Respondent-driven sampling, Second
generation surveillance, Injecting drug users, Germany, Europe

Abbreviations: Cl, Confidence intervals; DRUCK-study, Drugs and chronic infectious diseases study (Studie
zu “Drogen und chronischen Infektionskrankheiten”); ECDC, European centre of disease prevention and

control; HCV, Hepatitis C virus; HCV RNA, Hepatitis C virus ribonucleic acid; HIV, Human immunodeficiency
virus; IDU, Injecting drug users; NSP, Needle and syringe exchange programme; n/s, Needles and syringes;
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OST, Opioid substitution treatment; PWID, People who inject drugs; RKI, Robert Koch-Institute;
UNODC, United Nations Office on Drugs and Crime; RDS, Respondent-driven sampling; VCT, Voluntary

testing and counselling

Background

According to estimations 15 million people were living
with the hepatitis C virus (HCV) in the WHO European
Region in 2013 [1], and 2.2 million with the human
immunodeficiency virus (HIV) [2]. In most European
countries people who inject drugs (PWID) are a key
transmission group for blood-borne infections, including
HCV and HIV [3, 4]. Studies identified several risk fac-
tors to be associated with HCV [5-11] and HIV [12, 13]
infections among PWID including years of injecting,
sharing of needles, syringes and other equipment, im-
prisonment and unprotected sex.

HIV and HCV testing are common interventions for
HIV and HCV surveillance and control. They increase
knowledge of HIV and HCV status, and ought to be
entry points to HIV- and HCV-related treatment and
care. It has been shown that opioid substitution therapy
(OST) reduces injecting drug use by lowering the
frequency of injecting and related unsafe practices,
thereby effectively decreasing the transmission of HIV
[14-16] and in combination with needle and syringes
programmes (NSP) also of HCV [17]. It furthermore
facilitates regular medical care and adherence to HIV
and HCV treatment [18-20].

Knowledge about HIV and HCV prevalence and re-
lated behaviour amongst PWID in Germany is currently

based on outdated regional studies of convenience
samples. Studies providing a clear and up-to-date picture
of the epidemiology of HCV and HIV amongst PWID in
Germany do not exist and ongoing monitoring of infec-
tions or risk behaviours among PWID is not established.
Nevertheless, regional surveys from the last decades in
Germany have indicated that HCV is hyperendemic in
PWID [21-24]. While the prevalence of HCV infection
in the most recent population-based survey in the adult
population was 0.3 %, local surveys among PWID have
found prevalence ranging from 50-80 % [22-25]. High
rates of infection in the PWID population were also
reported from other European countries with anti-HCV
prevalence ranging from 13.8 to over 90 % [26]. National
estimates in Germany show that PWID are also at-risk
of HIV transmission. Nearly 10 % of all estimated HIV
infections were attributed to injecting drug use as of end
of 2014 [27]. According to Backmund, in 2007 HIV
prevalence among PWID in Germany must have been
between 4.3 and 6.5 % [28] and thus, significantly higher
than in the general population, where HIV infections are
below 0.1 % [29]. Although there are variations across
Western European countries, prevalence above 5 %
among PWID has been reported in France, Spain,
Ireland, Greece, Portugal, and Sweden in recent years
[26]. Due to preventive efforts the number of newly
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diagnosed HIV infections among PWID in Germany has
been declining since a peak in the late 1980ies. In 2014,
an estimated 7.5 % of the 3,200 new HIV cases (240)
were caused by transmission among PWID, including a
sizeable proportion of approximately 25-30 % of these
infections being diagnosed in Germany, but being origin-
ally acquired in Eastern or Central Europe [27]. Chronic
co-infection with HCV and HIV is also common among
PWID in some European countries, with a high preva-
lence of co-infection ranging between 15 and 70 %
reported by Estonia, France, Latvia, Italy, Netherlands,
Poland, Portugal and Spain [30].

To tackle the risk of blood-borne and sexually trans-
mitted infections among PWID it is essential to combine
behavioural, socio-demographic and serological data to
inform the planning and implementation of effective
prevention and intervention strategies [31]. By iden-
tifying knowledge gaps regarding the transmission and
prevention of infections, and by revealing risky and pre-
ventive practices, factors that drive transmission among
PWID can be identified and addressed. Based on such
information, specific recommendations for reducing risk
behaviours, scaling up prevention, treatment and care
can be formulated. To obtain information on the preva-
lence of blood-borne infections and related behaviours
for PWID in Germany, we conducted a sero-behavioural
study using respondent driven sampling (RDS) in eight
large cities across the country in cooperation with low-
threshold drug services.

Sampling hard-to-reach populations

Standard probability methods are generally difficult to
apply in hard-to-reach populations, where a sampling
frame for the targeted population is not available. RDS
was introduced by Heckathorn in 1997 as a modified
snowball method to recruit hard-to-reach populations
[32]. Globally, more than 460 studies from 69 countries
applying RDS have been published, and several studies
have used RDS to recruit PWID in recent years [33].
Due to their strong social networks and because PWID
often buy from and inject drugs with other PWID, RDS
worked well as a recruitment method in the majority of
studies [34, 35]. RDS works effectively as a sampling
method, when four requirements are met [32]: first, par-
ticipants need to know one another through the network
of the group under study. Second, the network needs to
be dense enough to attain a sample with sufficient socio-
metric depth in order to reach equilibrium. The statis-
tical rationale of RDS depends on the stabilization of the
sample composition after a sufficient number of rec-
ruitment waves - the point at which the characteristic
proportions remain stable, even if the recruitment con-
tinues is known, as the equilibrium [32]. The number of
waves required to reach equilibrium is again linked to
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the third requirement: random recruitment must set in
at some point to avoid that sampling is limited to a
specific sub-group and only reflecting the characteristics
of the seed with which the chain began. The tendency to
recruit persons who are similar and thereby causing bias
in the samples is termed homophily. Fourth, an enabling
system to motivate participants to recruit other partici-
pants must be in place [36].

Objectives

In this paper we present descriptive results of the first
sero-behavioural study of PWID using RDS performed in
Germany. The objectives are to describe basic characteris-
tics of participants in the respective study cities focusing
on i) socio-demographic factors, ii) seroprevalence of HIV
and HCV, including co-infections, iii) use of health
services, and iv) injecting and sexual risk behaviours.
Furthermore, we assess whether RDS was effective for
sampling PWID in the study cities.

Methods
Detailed information about methodological issues has
been described earlier [37].

Overview

From 2011 to 2014, we recruited PWID using RDS
across eight cities in Germany targeting a sample of
200—400 PWID in each city. All cities have a relatively
large PWID community and were selected for their
geographic and demographic diversity as well as the
availability of low-threshold drop-in facility services.
Four of the cities - Berlin, Cologne, Munich and Hamburg
- have more than one million inhabitants; the four others
- Essen, Leipzig, Frankfurt on the Main (Frankfurt) and
Hanover- between 500,000 and 700,000.

Study population

Eligibility for participation was defined as i) aged 16 or
older, ii) self-reported injecting drug use within the past
12 months in the respective city, iii) willingness to take
part in an questionnaire assisted-interview and to pro-
vide a capillary blood specimen for serological and mo-
lecular testing iv) willingness to give informed consent,
and v) not having participated in the study previously.

Sampling method

Sampling started with a small number of initial recruits
(‘seeds’) in each city, selected by local partners of low
threshold drug services to represent a range of charac-
teristics (gender, country of birth, residential area and
preferred low-threshold drug service, self-reported HIV
serostatus, mainly preferred substance, former experi-
ence of sex work and imprisonment). All seeds were
selected based on an anonymous list of PWID and their
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characteristics provided by the local partners. The
recruitment expanded through so called ‘recruitment
waves’ of peers; after the seeds recruited the first recruit-
ment wave of participants the first recruitment wave
continued to recruit the second recruitment wave of
participants and so on until the targeted sample size
was reached.

Recruitment process

In each city we established between one and four RDS
study sites in local low-thresholds drop-in facilities,
where participants enrolled in the survey and redeemed
their coupons. The recruitment coupons were valid for
two weeks. Each individual received 10 EUR for partici-
pating in the study, and was paid an additional 5 EUR
for each eligible drug user they recruited. To ensure
anonymity and to track the recruitment process we
assigned a unique numeric identifier to each participant.
If a seed turned out not to be productive additional
seeds were selected if needed to keep the recruitment
process ongoing. Recruitment and data collection was
conducted by staff of low-threshold drug services who
are trained to work with PWID. This recruitment
process continued until the end of the scheduled recruit-
ment period which was reached after 7 to 9 weeks.

Demographic, behavioural and serological data and
network information

Staff of the Robert Koch Institute (RKI) conducted a
two-day pre-survey training on study design, RDS
methodology, standardised interviews, blood sample
collection procedures and logistics for the staff of low-
threshold drug services in the respective study cities.
Eligible PWID had to undergo a questionnaire-assisted
interview in German or Russian, wherever Russian-
speaking staff was available. We asked questions reg-
arding respondent’s demographic characteristics, their
knowledge, attitudes, behaviour and practices as well as
their network. Minor modifications were made in the
questionnaire throughout the four years while conduct-
ing the survey. Therefore, some variables are not avail-
able for all cities. The network size was determined by
asking respondents how many PWID (fulfilling the
inclusion criteria for the study) they know by name who
would also know the respondent by name. We also
asked how many of these persons they believed they
could recruit for the study. The questionnaire was based
on a model questionnaire developed by the European
Monitoring Centre for Drugs and Drug Addiction
(EMCDDA), and additional indicators proposed by the
European Centre of Disease Control (ECDC) and the
Global AIDS response progress reporting (GARPR)
[38-40]. Dried blood spots (DBS) on filter cards
(Whatman #903) were obtained from participants’ capillary
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blood.. During the pilot phase of the study (cities of Essen
and Berlin), DBS testing was validated in the Institute of
Virology, National Reference Centre (NRZ) for Hepatitis C,
at the University of Duisburg-Essen, which subsequently
also performed the regular analyses on serological and
molecular markers of HIV and HCV. The Division for
HIV and other Retroviruses and the Division for Viral
Gastroenteritis and Hepatitis Pathogens and Enterovi-
ruses in the Department for Infectious Diseases at the
RKI were in charge of the laboratory testing for the
remaining six cities. The study flow and laboratory pro-
cedures including possible shortcomings arising from
DBS testing are described in detail elsewhere [37, 41].
Prevalence of infection was determined by detection of
anti HIV or anti HCV antibodies and detection of
molecular markers for HIV and HCV by nucleic acid
amplification tests. Pre- and post-test counselling were
offered to participants according to international and
national recommendations [42].

Measures to assess the effectiveness of RDS

For evaluation of the sampling method we applied cri-
teria following the guidelines for “Strengthening the
Reporting of Observational Studies in Epidemiology for
RDS Studies” (STROBE-RDS), a checklist of essential
items to present in RDS publications [33]. We provide
information about the relationship of respondents with
their recruiters and calculated the equilibrium and the
number of recruitment waves for five key variables: 1.
participants’ mean age; II. proportion of male partici-
pants; III. proportion of PWID born in Germany; IV.
HCV prevalence; and V. HIV prevalence. Furthermore,
we describe the level of homophily among the study
population. Homophily (Hx) was analysed for the follow-
ing three outcomes: age, gender and HIV serology. As
recommended a graphical representation of the entire
recruitment network for all study cities is included.
Finally, we assess whether the incentives could motivate
PWID to participate in the study. Detailed material of
this evaluation is attached in the Additional file.

Statistical analysis

For data entry we used EpiData 3.0. We applied des-
criptive statistics by using Stata version 14.0. The crude
sample proportions are presented for all cities in
Tables 1, 2 and 3. The results are shown as range of
proportions (min. and max. values (%)) for the respective
study cities. Based on the reported network size of each
participant, we used the respondent driven sampling
analysis tool RDSAT version 7.1 (http://www.resp-
ondentdrivensampling.org) to define population pro-
portions and variance estimates of each dataset [43]. We
included seeds in the analysis. The number of re-
samplings to determine bootstrap 95 % confidence
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Table 1 Socio-demographic variables, 2011-14%
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Berlin Essen Leipzig

Frankfurt ~ Cologne  Hanover  Munich Hamburg  range

n=337 n=197 n=130

n=285 n=322 n=252 n=235 n=319 (min-max)

n % n % n %

Age Mean + SD; 356+88;, 379479, 294+70;
median; range 350; 18-60 380; 19-55 29.0; 18-55
<25 years 30 90 9 46 35 269

Gender Female 62 185 39 198 29 223

Country of birth ~ Foreign-born 103 306 38 193 12 92

Eastern Europe 83 247 20 102 8 63
and Former
Soviet Union®

Educational level No school 52 154 38 194 17 132
certificate

Completed lower 143 424 109 556 62 481
secondary
- 9th grade

Completed 121 359 38 194 45 349
10th grade

High school 21 62 11 56 5 39
graduate

Main source of  Regular job/ 56 168 29 147 25 194
income in the Unemployment
past 12 months  benefit

Social benefits/ 289 865 176 893 111 86.1

pension

Homelessness In the last 29 86 28 142 28 215
12 months®
Ever 216 645 128 650 100 769

n % n % n % n % n % %

396+87, 399%84; 390+87 383+85 398+89 2941
39.0; 20-64 41.0;18-62 39.0; 19-64 39.0; 19-63 40.0; 17-65

6 21 11 34 15 60 16 68 13 41 21-269
73 258 73 227 50 198 83 353 71 223 185353
59 207 67 208 57 226 39 166 84 263 92-306
34 119 22 68 40 159 23 98 62 195 63-247

24 85 67 208 34 135 20 85 50 158 85-208

147 521 130 404 119 472 137 583 135 426 404-583

78 277 74 230 78 310 52 221 95 300 194-359

33 1.7 51 158 21 83 26 111 37 117 39-158

67 238 59 183 61 242 67 286 84 268 147-286

231 819 291 904 217 861 192 821 229 729 729904

79 287 48 153 17 68 27 115 55 173 68-287

210 739 218 681 133 528 139 592 225 708 528769

?Footnote (Table 1): Because not all participants replied to every variable, some variables include missing values. This means that the city-specific denominator for

some variables might be lower than the n displayed at the top of the table

PEastern Europe and Former Soviet Union: Includes PWID reporting being born in the following 24 countries: Azerbaijan, Bosnia & Herzegovina, Bulgaria, Croatia,
Czech Republic, Estonia, Georgia, Hungary, Kazakhstan, Kosovo, Kyrgyzstan, Latvia, Lithuania, Montenegro, Poland, Romania, Russian Federation, Serbia, Slovakia,

Slovenia, Tajikistan, Ukraine, Uzbekistan and Yugoslavia

“Main reported form of residence, includes living on the street and in homeless shelters

intervals (CI) was set to 15,000 to improve the accuracy
of the variance estimates and the network size outliers
pulled in by 5 %. The enhanced smoothing algorithm
type was employed as recommended by Johnston [44].
The RDS estimated population proportions based on the
reported network are provided in the (Additional file 1:
Table S1). We used RDSAT 7.1 to calculate homophily
for all eight data sets. The homophily (Hx) metric is be-
tween -1 und 1. In line with Heckathorn’s suggestion we
defined any value of Hx > 0.3 as intermediate homophily
and any value < -0.3 as strong heterophily [45]. We ap-
plied Stata 14.0 to calculate equilibrium and the number
of recruitment waves. Equilibrium was attained when
the sample distribution from one recruitment wave to
the next fell within a discrepancy of less than 2 % [46].

Results

Socio-demographic characteristics of participants

Overall, we recruited a total of 2,079 participants in the
multicentre survey, of which two did not meet our

eligibility criteria. Most of the interviews took around
45 min to 1 h to complete. In each city except Leipzig
(n=130) a sample size between 200-400 PWID was
achieved (see Table 4). In all cities the proportion of
female participants ranged between 18.5 and 35.3 %.
The median age of participants varied between 35-41
years — except in Leipzig where the median age was
29 years. Accordingly, the proportion of PWID younger
than 25 years was higher in Leipzig (26.9 %) compared
to the remaining seven cities (2.1-9.0 %). Leipzig was
also an exception with regards to country of origin of
the participants. Foreign-born participants accounted for
9.2 % in Leipzig and ranged between 16.6 and 30.6 % in
the other seven cities. The proportion of participants
born in Eastern Europe and Former Soviet Union ranged
between 6.3 in Leipzig and 24.7 % in Berlin.

The majority of participants in all cities had completed
lower secondary school (40.4-58.3 %) and between 8.5
and 20.8 % had not completed any school. Between
72.3-90.4 % reported currently receiving social benefits/
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Table 2 Serological and molecular findings for HIV and HCV and use of health care services, 2011-14°
Berlin Essen Leipzig ~ Frankfurt Cologne  Hanover  Munich Hamburg range
n=337 n=197 n=130 n=285 n=322 n=252 n=235 n=319 (min-max)
Serological and molecular findings n % n % n % n % n % n % n % n % %
HIV + 1339 12 61 0 0 26 91 5 16 22 87 7 30 16 50 0091
HCV seroprevalence; Anti-HCV 185 549 143 726 55 423 189 663 229 71.1 189 750 149 634 222 696 423-750
+and/or HCV-RNA +
Cleared infection; Anti HCV+, HCV RNA - 60 178 54 274 25 192 46 161 76 236 53 210 64 272 79 248 16.1-272
Chronic infection; Anti HCV+, HCV RNA + 125 371 89 452 30 231 143 502 153 475 136 540 85 362 143 448 23.1-540
Seroconverters; Anti HCV-, HCV RNA + 4 12 3 1.5 7 54 5 18 15 47 5 20 2 09 6 19 0954
Co-infections: Anti HIV+, Anti HCV 12923 12 1000 - - 21 808 3 600 19 864 6 857 11 688 60.0-100.0
+and/or HCV RNA+
Use of health care services and testing history
Use of harm reduction service (last 30d) ° - o - . 256 905 261 813 221 877 185 787 284 890 787-90.5
Currently in OST 135 403 85 432 40 308 129 453 213 662 109 433 129 551 179 563 308-66.2
Ever receiving OST 244 728 170 863 71 546 233 818 279 867 211 837 208 889 254 796 546-889
Ever tested for HIV 298 906 184 944 98 766 277 975 302 950 233 943 220 96.1 301 950 766-975
Tested for HIV (last 12 m)“ 173 571 125 683 54 439 171 663 207 697 137 606 146 699 197 684 43.9-69.9
Ever tested for HCV 287 894 184 949 85 703 264 946 290 936 224 918 215 960 269 900 703-96.0
Tested for HCV (last 12 m)? 70 490 39 591 21 288 44 543 60 588 30 423 52 754 47 465 288-754

°Footnote (Table 2): Because not all participants replied to every variable, some variables include missing values. This means that the city-specific denominator for

some variables might be lower than the n displayed at the top of the table
Pdata not collected
“Excluding those with a diagnosis older than 12 months

9Denominator includes those never tested, those never tested positive and those who had their first HCV diagnosis in the last 12 months

pensions. Furthermore, more than half of the partici-
pants in all cities had been homeless at least once in life
(52.8-76.9 %). Between 6.8 (in Hanover) and 28.7 % (in
Frankfurt) of the participants reported being homeless
or staying in homeless shelters as their main residence
in the past 12 months (Table 1).

Seroprevalence of HIV and HCV and use of health care
services

HIV prevalence amongst participants varied between
0 % in Leipzig and 9.1 % in Frankfurt. HCV prevalence
(Anti-HCV or HCV-RNA positive or both) ranged from
42.3 in Leipzig to 75.0 % in Hanover (Fig. 1), while HCV
viremic infections (HCV-RNA positive) were found to
range from 23.1 in Leipzig to 54.0 % in Hanover. HCV-
RNA in the absence of anti-HCV antibodies was
detected in 0.9 % of the cases in Munich and in 5.4 % of
the cases in Leipzig, indicating recent HCV infections
before seroconversion. HCV co-infections amongst the
HIV positive participants were detected between 60.0 %
of cases in Cologne and 100 % in Essen.

Use of health services and testing history

Data on utilisation of low-threshold drug services (in the
last 30 days) was collected in five of the eight study
cities. The proportion of PWID who visited a low-
threshold drug service in the last 30 days ranged from

78.7 to 90.5 %. About three out of five participants in
each of the eight cities (54.6-88.9 %) reported ever
receiving opioid substitution therapy (OST). Currently
receiving OST varied between 30.8 in Leipzig and 66.2 %
in Cologne. In all cities the vast majority had been tested
for HIV during their lifetime (76.6-97.5 %). Undergoing
an HIV test in the last 12 month was reported by 43.9 %
(Leipzig) to 69.9 % (Munich). The majority of the study
population in each city reported ever being tested for
HCV antibodies (70.3-96.0 %), while having been tested
recently (12-month prevalence) was reported between
28.8 (Leipzig) and 75.4 % (Munich) (Table 2).

Recent substance use and risk behaviours

The median number of years since first injection was
10 years in Leipzig, 13 years in Berlin and between 16
and 18 years in the remaining cities. In seven cities, the
proportion of participants who initiated injecting in the
last two years ranged from 3.2 in Hanover to 7.8 % in
Berlin. In Leipzig one out of ten (11.1 %) had started
injecting in the last two years.

Injecting drugs in the last 30 days was reported by
more than three out of four participants in all eight
cities (76.0-88.4 %) and daily injection in the last 30 days
varied between 17.2 in Munich and 39.1 % in Berlin. In
the last 30 days Heroin was the most frequently used
substance (all routes of administration) in five cities
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Table 3 Substance use, sharing behaviours, sexual risks and incarceration experience, 201 1-14°

Berlin Essen Leipzig

Frankfurt

Cologne  Hanover ~ Munich Hamburg  range (min-max)

n=337 n=197 n=130 n=285 n=322 n=252 n=235 n=319

n % n % n % n

% n % n % n % n % %

Years of injecting
(mean +SD;
median; range)

Injecting <2 years 260 78 10 51 14 111 14
Injected drugs (last 30d) 279 828 170 863 99 762 238
Injected daily (last 30d) 108 391 57 337 29 302 72

Heroin consumed (last 30d) 280 83.1 154 782 89 685 224
Cocaine consumed (last 30d) 125 37.1 120 609 23 177 125
Crack consumed (last 30d) 8 24 6 31 1 08 204
Methamphetamine (last 30d) 9 27 0 00 87 674 4
Unsafe Use behaviour

Shared needle/syringes 40 150 32 192 17 179 N
(last 30d)

Shared equipment 99 375 56 335 40 426 99
(spoon, filter,
water) (last 30d)

Sexual risks

Sexual intercourse 237 729 144 770 110 846 228
(last 12 m)

No condom use during 130 561 59 449 45 634 125
last sexual intercourse

Last sex partner was IDU 134 575 73 514 70 686 139
Incarceration
257 765 169 858 108 831 239

38+45  53+52;
20;0-26 40;0-23

Ever incarcerated”

Total duration
of incarceration
(yr) Mean + SD;
median; range

34+43;
20;0-24

Injecting in prison (ever) 101 393 55 327 19 178 59

Shared needle/syringes/ 32 330 20 377 7 389 20
equipment (among those

injecting during their

last imprisonment)

Unprofessionally 81 242 67 345 39 322 79

tattooed/pierced
in prison (ever)

134+£88; 169+90; 100+6.1; 174+£100; 179+£90; 176+94; 174+9.1;, 180+94
130;0-43 175;0-40 100;0-30 160;0-44 180;0-42 180;043 175,045 180;0-43

51+55;
3.0; 0-29

10.0-180

49 13 40 8 32 12 52 19 60 32111
835 263 817 202 802 187 796 282 884 762-884
312 84 323 65 322 32 172 69 247 172-391
786 275 854 189 750 133 568 201 632 566-854
440 150 467 166 659 49 209 255 799 17.7-799
716 6 19 147 586 1 04 146 459 04-716
14 3 09 0 00 15 64 7 22 00674

47 51 195 44 223 24 132 29 106 4.7-223

438 84 336 64 330 61 345 8/ 330 330438

809 224 742 182 737 193 821 237 750 729-846

563 138 616 109 602 130 69.1 134 565 449-69.1

656 120 561 105 644 127 694 118 541 514-694

842 262 819 214 856 171 728 254 796 728858

48+50;
30;0-23

6.5+6.3;
5.0;0-30

32+36;
20; 0-15

50+49; 20-50
4.0; 0-20

247 78 299 78 370 35 205 70 277 178-393
364 38 494 32 410 14 400 33 485 330-494

278 97 302 76 303 45 194 71 223 194-345

“Including juvenile arrest/prison, pre-trial custody, prison, forensic commitment

PFootnote (for Table 3): Because not all participants replied to every variable, some variables include missing values. This means that the city-specific denominator

for some variables might be lower than the n displayed at the top of the table

(Berlin: 83.1 %; Essen: 78.2 %; Cologne: 85.4 %; Hanover:
75.0 % and Munich 56.8 %); while in Leipzig metham-
phetamine was the most frequently reported substance
(674 %). In the other seven cities methamphetamine
was less common (0.0-6.4 %). Crack was used by a high
proportion of participants in three cities (Frankfurt:
71.6 %; Hanover: 58.6 % and Hamburg: 45.9 %) while
reported by much lower proportions in the remaining
five cities (0.4—3.1 %). Cocaine use was lower in Berlin
(37.1 %), Leipzig (17.7 %) and Munich (20.9 %)
compared to Frankfurt (44.0 %), Cologne (46.7 %), Essen

(60.9 %), Hanover (659 %) and Hamburg (79.9 %).
Sharing of unsterile needles and syringes (n/s) in the
last 30 days was reported by 10.6 % in Hamburg and
up to 22.3 % in Hannover among participants who
reported having injected during the last 30 days.; only
in Frankfurt the proportion was lower (4.7 %). Recent
sharing of unsterile equipment like spoons, filters or
water for injection with other injectors was reported
by 33.0 % in Hanover and Hamburg and by up to
43.8 % in Frankfurt among persons who injected
during the last 30 days.
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Table 4 Details of the recruitment procedures using RDS in eight German cities, 2011-14
Berlin Essen Leipzig Frankfurt Cologne Hanover Munich Hamburg
(n=337) (n=197) (n=130) (n=285) (n=322) (n=252) (n=235) (n=319)
Target sample size 300-350 200 200 300 300 200-250 200 300
Month and year of recruitment 05-07.2011  10-12.2011  10-122011  01-03.2013  04-05.2013  07-09.2013  10-12.2013  03-05.2014
Time of recruitment 8 weeks 8 weeks 7 weeks 9 weeks 8 weeks 8 weeks 8 weeks 8 weeks
No. of study sites 4 1 2 2 1 1 1 1
No. of seeds in total 19 18 13 11 12 7 13 9
No. of unproductive seeds 4 6 4 2 0 4 3 0
Max. number of recruitment waves 13 10 8 20 13 14 14 20
Coupon received from partner ? ? 7% 5% 2% 4% 3% 2%
Coupon received from acquaintance ~ ° ? 78 % 64 % 84 % 50 % 67 % 65 %
Coupon received from stranger ? @ 15 % 31 % 14 % 46 % 30 % 33 %

°data on the relationship to the recruiter was not collected in first two study cities

Sexual risk behaviours

Between 72.9 and 84.6 % of participants reported en-
gaging in sexual intercourse in the last 12 months,
of which 44.9 % in Essen and up to 69.1 % in Mun-
ich reported not having used a condom at last sexual
intercourse. More than half of the participants re-
ported that their last sexual partner was also inject-
ing drugs (51.4 % in Essen and up to 69.4 % in
Munich).

History of incarceration
Imprisonment (ever) was reported by the majority

median of total duration of incarceration ranged be-
tween 2.0 years in Leipzig, Berlin and Munich to
5.0 years in Hanover. Of those who had ever been
in prison, between 17.8 % in Leipzig and 39.3 % in
Berlin reported injecting drugs while incarcerated.
Of these, between 33.0 and 49.4 % had shared n/s
or other equipment when injecting during their last
incarceration. Tattooing and piercing during impris-
onment were reported by 19.4 % of the participants
in Munich and up to 34.5 % of the participants in
Essen.

The detailed data on substance use and risk behaviours

of participants in all cities (72.8-85.8 %) and in the last 30 days are shown in Table 3.
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Evaluation of the sampling method: respondent driven
sampling

Between 7 and 19 seeds started the recruitment process
in the respective cities. The sample of Leipzig (n = 130)
reached a maximum of eight recruitment waves, while
the samples of Frankfurt and Hamburg reached a max-
imum of 20 recruitment waves (Table 4). Equilibrium
and homophily were assessed after the recruitment
process had been completed. We reached equilibrium
for four of the following five key variables: I. partici-
pants’ median age; II. proportion of male participants;
III. proportion of PWID born in Germany; IV. HCV
prevalence; and V. HIV prevalence in all study cities
except in Leipzig. Equilibrium for HIV prevalence was
not attained in our sample of Frankfurt, Hanover and
Cologne. The results of these analyses are presented in
the (See Additional file 2: Figure Sla, Additional file 3:
Figure S1b, Additional file 4: Figure Slc, Additional file 5:
Figure S1d, Additional file 6: Figure Sle and Additional
file 7: Figure S2). Respondents and recruiters had the
following relationships: Most participants (54—-86 %)
received their coupons from their partner or from an
acquaintance. Between 14 % of the participants in Cologne
and up to 46 % of the participants in Hanover received
their coupons from a stranger (Table 4). The reported
network size defined as “how many people who injected
drugs in the last 12 months do you know (and they know
you)” ranged from 0-1400 individuals. We did observe
random recruitment among the participants. In Frankfurt,
Cologne and Hamburg young participants (<25 years)
demonstrated a strong negative homophily, indicating that
younger participants only recruited older participants (Hx
=-1). Among the female participants, only women in
Leipzig demonstrated a negative homophily (Hx =-0.37).
In Cologne and Munich HIV positive participants only
recruited HIV negative participants (Hx =-1) while HIV
negative participants in Cologne demonstrated intermedi-
ate homophily recruiting mostly other HIV negative
participants (Hx = 0.67). The recruitment chains in Co-
logne and Hamburg show a very late recruitment of HIV
positive PWID in the study sample (See Additional file 8:
Figure S4e and Additional file 9: Figure S4h). In those two
city samples the recruitment chains have often ended once
HIV positive participants were recruited. A graphical rep-
resentation of the recruitment networks (including HIV
and HCV serostatus) in each study city is displayed in the
(See Additional file 10: Figure S4a-b, Additional file 11:
Figure S4c-d, Additional file 8: Figure S4e-f, Additional file
9: Figure S4g-h).

In all cities we observed a decreased interest in par-
ticipation in the days following the monthly “social
benefit’-payment. We did not experience recruitment
challenges such as commercial exchange of coupons,
imposters or duplicate recruits.
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Discussion

This paper presents first findings of the first large
bio-behavioural survey among PWID using RDS in
Germany. With a study sample of 2,077 participants, the
results of the study provide recent data on current HCV
and HIV prevalence, socio-demographical factors and
behaviours among PWID in Germany. Our results show
that HCV is endemic among the study populations (42.3—
75.0 %). This result is similar to estimations from available
regional surveys and reported data from several European
countries [47]. Viremic HCV infections among the partici-
pants were found to range between 23.1-54.0 %. In con-
trast to previous findings from sub-regional surveys in
Germany [28], HIV prevalence varied widely between the
city samples ranging from 0 % in Leipzig to 9.1 % in
Frankfurt. HIV prevalence of more than 5 % was found
in four of the city samples. These results are higher
compared to reported data on the HIV prevalence in
PWID in many other Western European countries, such
as the United Kingdom, Denmark, Norway, Austria, or
Luxemburg, but still lower than in countries like Italy,
Portugal and France [48].

HIV and HCV seroprevalences were both found to be
geographically heterogeneous. While Leipzig was the city
sample with the lowest prevalences, participants in
Essen, Hanover and Frankfurt had high levels of HIV
and HCV infections. The differences between the loca-
tions might be due to several factors. We identified three
characteristics that might be associated with the differ-
ent levels of HIV and HCV prevalence across the cities:
First, age (closely linked with duration of injecting),
second, drug use patterns in each city and third, the
history of intravenous drug use and the HIV epidemic in
the region. In Essen, Hanover and Frankfurt (all city
samples with high levels of HIV and HCV infections)
study participants were generally older and duration of
injecting was longer than in Leipzig. This is consistent
with the trend of aging injecting drug user-populations
in Germany and Europe at large. The longer a person
has injected drugs, the more likely it is that this person
will have been exposed to blood-borne pathogens [5].
The sample of Cologne seems to be an exception with
an unexpected low HIV seroprevalence. However, as
described, in this city HIV-positive persons were re-
cruited only in a late stage of the recruitment process
shortly before the end of the study. We therefore
might underestimate the true HIV prevalence in this
city sample. Further research will be needed to ex-
plain this discrepancy.

The different HCV and HIV prevalence might also be
associated with the varying use of cocaine, crack and
methamphetamines in the cities. Cocaine was found to
be most common in Hamburg, Hanover and Essen
while crack was mostly used in Frankfurt, Hanover
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and Hamburg, all of which are cities with a high HIV and
HCV prevalence. Cocaine and crack have a shorter
biological half-life and need to be consumed more
frequently than other substances in order to maintain their
effect [49, 50]. PWID who use cocaine or crack may conse-
quently be more exposed to unsafe use than PWID who
use substances requiring less injections. Methamphetamine
was found to be most common in Leipzig. This confirms
an increasing trend of methamphetamine use in border re-
gions to Czech Republic like Saxony reported in the last
years [51-54]. Methamphetamine has a longer biological
half-life than heroin and may thus be less frequently
injected [55]. Furthermore, the distinct demographic char-
acteristics and consumption patterns in Leipzig might be
related to the division of Germany to East and West until
1990. A drug scene in the former East probably developed
only after the German re-unification in 1990. While HIV
incidence among PWID in West Germany peaked in the
mid-1980s, in the Eastern part of Germany the spread of
HIV was delayed in time [56]. The delayed epidemic of
intravenous drug use and associated blood-borne in-
fections in East Germany are reflected in our results.
According to the national HIV case-reporting system HIV
is present among PWID in Leipzig with two reported
cases in 2012 and three in 2015 [57]. This indicates an
ongoing HIV transmission, albeit on a low level [58]. In
our sample of Leipzig, we found the highest proportion of
new injectors and the highest proportion of participants
testing HCV RNA-positive in the stage of seroconversion,
likewise indicating ongoing transmissions. This result is
consistent with evidence that HCV incidence is rapidly
increasing among new injectors [7, 59].

Injecting and sexual risk behaviours

Risk behaviours (30-day prevalence) like using unsterile
paraphernalia (spoons, filters or water), sharing of unster-
ile n/s and practicing unsafe sex, also with non-IDU (12-
month prevalence), was reported in all city samples. In the
last two decades, harm reduction interventions like NSP
in high income countries, including Germany have led to
a remarkable decline in the re-use of unsterile n/s and in
HIV incidence among PWID [60-63]. From our findings
we must conclude that either the access to clean n/s is still
insufficient and/or that there are still knowledge gaps
around transmission and preventive behaviour of HIV and
HCYV. In other studies, sharing of other paraphernalia still
persists at higher levels than sharing n/s among PWID
[64—66]. This was also reflected in our study: sharing
other paraphernalia appeared much more common than
sharing n/s which was most prevalent in the sample of
Frankfurt. In this particular case, the high discrepancy
might be related to the high number of crack users. Crack
is generally linked to a high consumption frequency, and
thus with an increased use of paraphernalia.
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Several studies have demonstrated that HCV is more
infectious than HIV and a prolonged survival of HCV in
syringes and non-syringe injecting paraphernalia has
been shown [67, 68]. Not surprisingly and in line with
data from other Western European countries, HCV
infections therefore appeared to be more prevalent
within the study population than HIV [26].

High proportions of the participants reported that
their last sexual intercourse was unprotected. The last
sexual partner was frequently reported to be an injecting
drug user as well, but it was also not uncommon that the
sexual partner was a non-PWID. The reported sexual
behaviours thus demonstrate the potential risk of spread-
ing HIV through the sexual route. While other studies
have demonstrated the higher risk of non-PWID to
acquire HIV [69], in Germany, little is known about HIV
prevalence among the non-injecting sexual partners of
PWID and their potential risk of being a bridge popula-
tion between PWID and the general population. Therefore
further research is needed to better understand the HIV/
HCV prevention needs of sex partners of PWID who do
not inject drugs themselves.

The study found high rates of incarceration (at least
once in lifetime) among the study participants. Unsafe
drug use and tattooing/piercing in prison were reported
as common practices while in prison, thus constituting
important risk factors for the transmission of HIV and
HCYV. Several studies have shown that not only drug use
but also HIV and HCV infections among people in
prison are of major concerns in Germany [70, 71]. The
provision of harm reduction services in the criminal
justice system seems to be insufficient, only one of 186
prisons in Germany offers NSP [72], and there are large
variations regarding the availability of OST in prisons
across the federal states [70, 73].

Our study shows that HCV and HIV testing rates
(12-month prevalence) remained moderate to high in
the study populations in comparison to other risk groups,
like men who have sex with men [74]. Especially the large
variation in the HCV testing rates across the study cities
may be linked to the variation of participants who re-
ported undergoing OST at the time of participating, but
this needs further investigation.

An important limitation of our study is that it only
provides a snap shot of the HIV and HCV epidemi-
ology among PWID in Germany but it does not allow
determination of cause-effect relationships. Further-
more, the selection of our study cities was based on
the availability of low-threshold drug services in the
cities willing and able to participate in the study. Since
national representative data on PWID in Germany are
not available, we cannot claim that the PWID re-
cruited in the chosen cities are representative for all
PWID in Germany.
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Respondent driven sampling

The application of RDS as a method to recruit PWID
was successful. We reached the targeted sample size
within the set time frames in all cities except in one, and
our primary and secondary incentives seemed appropri-
ate to motivate PWID to enroll in the study. This is in
line with other studies, showing that RDS is an effective
recruitment method among PWID [35, 75].

The choice of low-threshold drug services as study
venues probably increased the willingness of participation.
We observed long recruitment chains in seven of the eight
city samples, indicating that PWID are well connected via
social networks or through making use of the low-
threshold drug services. However, we cannot exclude
selection bias of the city samples due to oversampling of
persons as initial seeds as well as participants who showed
communicative competence, well understood the study
flow and the background of the study, and who were will-
ing to recruit others for participation. Persons with a
lower bonding to the drug scene or less communicative
skills might be underrepresented in the samples.

Due to the extensive questionnaire, we refrained from
asking the participants how many PWID rejected their
coupons during the recruitment process. Reasons for
rejecting and the number of PWID who refused are
therefore unknown. It is possible that unknown barriers
restricted participation and potentially created a bias.
Yet we assume that our samples mostly attained adequate
socio-metric depth, given that equilibrium was reached
for four out of five key variables while reaching up to 20
waves in our samples. However, not all city samples allow
robust weighting of results, as equilibrium was not
reached in all and the length of the recruitment chains
was too short in the city of Leipzig. In this city we re-
cruited PWID in two low-threshold drug services with
alternating study operating hours. This seems to have
confused some study participants and it is possible that
further potential participants were lost due to this fact.
Equilibrium could be reached in the other seven samples,
showing that bias introduced by the initial non-randomly
selected seeds could be eliminated in these samples.

Despite the popularity and the widely applied method-
ology of RDS as a sampling method it is not known
whether RDS can generate unbiased estimates. The as-
sessment of RDS as a method of data analysis (RDS in-
ference) is challenging as it often fails to produce precise
results due to the unknown underlying truth [76]. Also,
the key variable used to generate the RDS-generated
estimates is the reported network size of the participant
which may not have been consistently addressed by all
interviewers or not consistently understood by all partic-
ipants, leading to a large range and thereby further
uncertainty about the validity of the RDS estimates. In
2012 McCreesh et al. have performed a RDS study with
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known characteristics in order to assess the precision
and relevance of RDS inference and found that RDS
failed to reduce bias when it occurred, and even tended
to overestimate biased adjusted results [77]. In case
biases occur in practice the method is not designed to
correct for the sources of biases. RDS-generated esti-
mates should therefore be interpreted with caution and
are only shown in the Additional file 1: Table S1.

Conclusions

To best of our knowledge this study is the first bio-
behavioural study using RDS in Germany successfully
recruiting members of the target population. This paper
presents basic descriptive results for key variables in all
of the eight study cities. HCV was found to be hyperen-
demic within the study population. HIV and HCV sero-
prevalence were geographically heterogeneous, although
unsafe use behaviour, such as sharing n/s and other
paraphernalia, unsafe sex, and incarceration was com-
mon among all city samples.

Based on our findings, efforts to reduce sharing of
non-syringe paraphernalia and to further reduce the use
of unsterile n/s are urgently needed in Germany. We
furthermore recommend to scale up and increase the
access to multilevel and combined HCV and HIV pre-
vention, including antiviral treatment, OST and volun-
tary counselling and testing (VCT) for PWID. Our study
suggests that there might be opportunities to better inte-
grate VCT services in low-threshold drug services, as
they were used by up to 90 % of the participants (30-day
prevalence). Based on the large regional differences
observed in our study, we suggest developing context
specific interventions. Harm reduction programmes
should particularly consider new injectors. Internation-
ally, there is consensus in the scientific discourse about
the need to provide prevention, treatment and care in-
terventions for all, people living in freedom as well as
for prisoners [78].

Further in-depth analyses of the collected data will
reveal possible associations between infections and be-
havioural factors and other characteristics, to derive
concrete recommendations for current prevention strat-
egies for HCV and HIV among PWID.
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Abstract

Background: People who inject drugs (PWID) are disproportionately affected by both HIV and hepatitis C infection
(HCV). Awareness of infection status is essential to ensure linkage to appropriate healthcare for those infected, who
need treatment and regular follow-up, as well as for uninfected individuals, who need access to targeted testing
and counselling services. In this paper we compare self-reported HIV and HCV status with serological markers of
infection among PWID recruited through respondent driven sampling.

Methods: From 2011 through 2014, biological and behavioural data was collected from 2,077 PWID in Germany.
Dried blood spots from capillary blood samples were collected and screened for HCV antibodies, HCV RNA and
HIV-1/-2 antibodies. HIV reactive samples were confirmed by Western blot.

Results: Laboratory testing revealed that 5 % were infected with HIV and 81 % were aware of being infected.
Chronic HCV infection was detected in 41 % of the participants, 2 % had an acute HCV infection, 22 % had a
cleared infection, and 34 % were unexposed to HCV. The concordance between self-reported and measured HCV
status was lower than for HIV, with 73 % of those with chronic HCV infection being aware of their infection.

Conclusions: We found a relatively high awareness of HIV and HCV infection status among PWID. Nevertheless,
access to appropriate testing, counselling and care services targeted to the needs of PWID should be further
improved, particularly concerning HCV.

Trial registration: Ethical approval was received from the ethics committee at the medical university of Charité,

Berlin, Germany in May 2011 and with an amendment approved retrospectively on 19/11/2012 (No EA4/036/11).
The German Federal Commissioner for Data Protection and Freedom of Information approved the study protocol
retrospectively on 29/11/2012 (1ll-401/008#0035).
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Background

Accurate knowledge of infection status is important as it
gives infected individuals the opportunity to seek appro-
priate healthcare and may encourage people to engage
in preventive behaviours, which can protect themselves
and others from infections. People who inject drugs
(PWID) have a high risk and burden of both HIV and
Hepatitis C infection (HCV) [1-4]. Determining HIV in-
fection status is relatively straightforward since there is
no clearance or cure. In contrast, screening for HCV
antibodies (anti-HCV) will identify if a person has ever
been in contact with the virus, but this person may have
cleared the infection either with treatment or spontan-
eously, or the person may have a chronic HCV infection,
characterised by being both anti-HCV and HCV RNA
positive. A person who has cleared the infection can
later be re-infected with HCV. Since the acquisition of
both HIV and HCV is often asymptomatic or the occur-
rence of non-specific symptoms may be attributed to
other problems, and since serious sequelae may take sev-
eral decades to develop, people infected with these two
viruses may remain unaware of being infected for a long
period of time. Annual routine unlinked anonymous
monitoring (UAM) of HIV and hepatitis among PWID
in England, Wales and Northern Ireland has shown that
the proportion of infected PWID unaware of their infec-
tion varied between 4 %-15 % for HIV and 45 %-53 %
for HCV in the period 2010-2014 [5]. In a recent sys-
tematic review including 11 studies from five EU coun-
tries the proportion of undiagnosed HCV infections
among PWID varied between 24 %-76 % (IQR: 38 %-64 %
and median: 49 %) [4]. Several previous studies only
looked at anti-HCV status and did not include HCV
RNA status, which is needed to assess current infection
status [4-6].

With new, highly effective and well tolerable HCV
therapy options being available as well as the potential
of HIV-treatment as prevention also among PWID [7], it
is of growing importance to increase awareness of infec-
tion status.

In order to assess the level of awareness of infection
status among PWID in Germany, we used data from a
recent, cross-sectional bio-behavioural survey of this
population to compare self-reported HIV and HCV sta-
tus with serological markers of infection.

Methods

The DRUCK-study collected biological and behavioural
data from 2,077 PWID in eight large German cities in
the years 2011-2014 [8]. The respondents were re-
cruited using respondent driven sampling. Inclusion cri-
teria were a minimum age of 16 years, having injected
drugs in the given study city in the last 12 months, and
providing informed consent for study participation. All

Selected publications: Paper 2

Page 2 of 7

participants went through a questionnaire-assisted inter-
view and provided a capillary blood sample, collected as
dried blood spots (DBS). Samples and questionnaires
were marked with the same unique identifier. The study
was piloted in two cities and then implemented in the
remaining six. Before starting the data collection we
trained interviewers to increase their understanding of
HIV and HCV, and laboratory staff for collection of DBS
and handling and shipping of the samples in each of the
study cities to ensure the comparability of results. All
samples were screened for anti-HIV-1/-2 by EIA, and re-
active samples were confirmed by Western blot. In six of
the eight study cities, all samples were screened for both
anti-HCV by EIA and analysed for the presence of
HCV-RNA using nested RT-PCR. Anti-HCV positive
samples were confirmed by immunoblot. In the two
pilot cities all samples were screened for anti-HCV by
EIA and RT-PCR was performed on all anti-HCV posi-
tive samples and on anti-HCV negative samples if test
results did not correspond to self-reported results. The
test specificity was 100 % for all three markers: anti-HIV,
anti-HCV and HCV RNA. The same was true for the
sensitivity for HIV and HCV RNA, whereas the sensitiv-
ity for anti-HCV was 97.8 % [9]. Further information
about study design, data collection and laboratory
methods etc. has been published elsewhere [8, 9].

Defining self-reported HIV status

The self-reported HIV status was determined using two
questions: if the participant had ever been tested for
HIV and if yes, what the result of their latest test was.
Based on the answers participants were categorised as
HIV negative, HIV positive or never tested. Participant’s
self-reported HIV status were categorised as unclear
when they were not sure if they had ever been tested or
if they did not know their last test result. Participants
who reported having been diagnosed with HIV were
asked about month and year of their first positive HIV
test in order to calculate how long they had been aware
of being infected.

Defining measured HIV status

We defined samples as HIV positive if testing positive
for anti-HIV with EIA and being confirmed by Western
blot. EIA-reactive samples with indeterminate immuno-
blot pattern were excluded from this analysis. Anti-HIV
negative samples were determined as HIV negative.

Defining self-reported HCV status

To determine the self-reported HCV status several ques-
tions were used. Participants were asked if they had ever
been tested for anti-HCV. Those who had not were cate-
gorised as never tested. The participants who reported
testing for HCV were further asked if they had ever
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received a positive anti-HCV test result. Those who had
not were categorised as uninfected. Participants report-
ing having ever received a positive anti-HCV test result
were further asked if they had ever been successfully
treated or had cleared the infection spontaneously.
Those who responded no to both questions were cate-
gorised as infected, while those who responded yes to ei-
ther of the questions were defined as previously infected.
As for HIV, participants who were either not sure if they
had ever been tested or did not know their last test re-
sult, were categorised as unclear.

Defining measured HCV status
We defined chronic HCV infection as testing anti-HCV
and RNA positive, acute infection (HCV infection ac-
quired within the last 4—6 weeks) as anti-HCV negative,
but RNA positive, cleared infection as anti-HCV positive
and HCV RNA negative, and unexposed as testing anti-
HCV and RNA negative.

An example of the questionnaire used to guide the in-
terviews can be found online [10].

Results

In total, 2,077 PWID from eight German cities were in-
cluded in the study, with the proportion of female par-
ticipants ranging between 19 %-35 % in the respective
cities, and a median age ranging between 29—41 years.

HIV status

The laboratory testing revealed 100 participants (4.8 %)
to be positive for HIV, and 1976 (95.2 %) to be negative.
One sample had a reactive EIA result but an indetermin-
ate immunoblot, and was thus excluded from the ana-
lysis. Of the 100 HIV positive cases, 81 % were aware of
their infection while 16 % reported their last HIV test to
be negative. One HIV positive participant reported no
previous testing.

Among the participants testing negative for HIV, 90 %
reported a negative test result at last test, while 7 % re-
ported never having had an HIV test. Of the HIV nega-
tive participants, six individuals (0.3 %) reported having
received a positive HIV-test result. Two HIV positive
and one HIV negative participant declined to answer the
question on HIV-status. The concordance of the self-
reported HIV status and laboratory test results is dis-
played in Table 1.

Among the 81 self-reported HIV infected, 5 % re-
ported receiving their diagnosis in the last year, 17 %
1-5 years ago, 22 % 6-10 years ago and 47 % more
than 10 years ago. Seven cases (9 %) did not provide in-
formation on time of their HIV diagnosis.
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Table 1 Concordance of self-reported and measured HIV status,
n=2076 (excluding one sample with indeterminate HIV status)

HIV laboratory test results
HIV negative (AB-)

Self-reported status HIV positive (AB+)

Concordant 1784 (90 %) 81 (81 %)
Discordant 6 (0,3 %) 16 (16 %)
Never tested 133 (7 %) 1(1 %)
Unclear 52 (3 %) 0 (0 %)
Answer declined 1(0,1 %) 22 %)
Total 1976 100

Unclear means not sure if tested or did not get last test result.
AB antibodies

HCV status

The laboratory tests found 716 (34 %) participants to be
unexposed to HCV, 857 (41 %) participants to have a
chronic HCV infection and 457 (22 %) participants with a
cleared HCV infection. In 47 (2 %) participants HCV-RNA
but no anti-HCV was detected, indicating an acute infec-
tion. As the participants were only asked about anti-HCV
test results, this group was excluded from the analysis.

The concordance between the self-reported HCV sta-
tus and the laboratory test results was 47 % among those
unexposed, while 27 % reported an HCV status discord-
ant to the laboratory findings (Table 2). Of these, 56 %
reported a current HCV infection and 44 % a previous
one (Table 3). Of all unexposed individuals, 16 % re-
ported never to have had a test for HCV. In the group
with confirmed, chronic HCV infections, 73 % reported
a status concordant to the laboratory test results,
whereas 19 % reported a differing HCV status. In 37 %
of these discordant cases, participants reported to be un-
infected and in 63 % a cleared infection. Among partici-
pants positive only for anti-HCV but not HCV-RNA,
i.e, with a cleared infection, 38 % correctly reported to
have cleared the infection. Of those reporting a dis-
cordant status, 89 % reported to be currently infected
and 11 % reported an uninfected status.

Discussion

In our study population of PWID, the concordance of
self-reported and measured HIV status was relatively
high. The proportion of HIV positive participants aware
of their infection was 81 %. These data compare well
with the data from both the UAM in England, Wales
and northern Ireland from 2010-2014 where 85-96 % of
HIV positive PWID were aware of their HIV infection
[5] and the latest HIV modelling data from Germany,
where it was estimated that 89 % (81-93 %) of all HIV
infected PWID living in Germany in 2014 had received
an HIV diagnosis [11]. According to the same HIV mod-
elling data for Germany, the proportion of HIV infected
individuals who are aware of their HIV status is higher
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Table 2 Concordance of self-reported and measured HCV status, n=2030 (excluding cases with acute infection)

HCV laboratory test results
Unexposed (AB-, RNA-)

Self-reported status Chronic infection (AB+, RNA+) Cleared infection (AB+, RNA-)

Concordant 339 (47 %) 622 (73 %) 174 (38 %)
Discordant 194 (27 %) 163 (19 %) 254 (56 %)
Never tested 113 (16 %) 37 (4 %) 15 (3 %)
Unclear 69 (10 %) 35 (4 %) 14 (3 %)
Answer declined 10,1 %) 0 (0 %) 0 (0 %)
Total 716 857 457

Unclear means not sure if tested or did not get last test result
AB antibodies

among PWID compared to other groups such as men
who have sex with men (MSM) (82 % (79-85 %)) and non-
injecting heterosexuals (74 % (66-80 %)). This might partly
be explained by the fact that the majority of HIV infec-
tions among PWID in Germany were acquired in the
1980ies and 90ies, which is also seen by the high propor-
tion of known HIV infections being diagnosed more than
10 years ago. This means that the majority of HIV infected
PWID have had many years to get a diagnosis and begin
therapy. Increasing treatment rates among PWID may
have a relatively large impact on reducing potential
sources of HIV transmission within this population [7]. A
low rate of newly acquired HIV infections is also indicated
by the fact that <1 % of PWID not yet tested for HIV were
found to be anti-HIV positive in our study. The one
sample with a reactive AB test and indeterminate immu-
noblot could be a recent infection in the stage of serocon-
version. We tried to receive a second blood sample from
this participant to repeat the testing, but the person did
not show up in the drug service again.

The finding that 17 % of those positive for HIV re-
ported a negative HIV status or to never have been
tested, underlines the undiminished importance of en-
suring access to targeted HIV testing and counselling
services for PWID in Germany, e.g., in low threshold
settings.

For the disconcerting finding of six self-reported infec-
tions in participants without measurable anti-HIV several
possible explanations exist. One possibility is the failure to
detect antibodies in excessively diluted samples if the ori-
ginal amount of capillary blood was inadequately small,

resulting in a higher dilution of the antibodies as com-
pared to the standardized and validated protocol. Further
we cannot rule out the communication of false positive
test results to study participants, in particular if reactive
screening test results were not confirmed, which can hap-
pen if respondents were not linked into care. Processing
mistakes during sample collection or during testing of
DBS, or the disappearance of HIV antibodies if treatment
has been started early and viral load has remained sup-
pressed continuously are further, though in our view less
likely possibilities.

The results of the HCV testing revealed that 34 %
were unexposed to HCV, 2 % had an acute HCV infec-
tion, 41 % of participants had a chronic infection and 22
% had a cleared infection. It is possible that a few acute
HCYV infections might have been missed in the two first
pilot cities where PCR was only done for anti-HCV
negative respondents with a self-reported HCV diagno-
sis. The concordance between self-reported and actual
HCV status was much lower than for HIV. Concordance
was highest (73 %) among those with a chronic in-
fection, 47 % among those unexposed to HCV and just
38 % among those with a cleared infection.

The somewhat surprising finding of 27 % of those with
no markers of HCV infection reporting to be infected
(chronic or cleared HCV), might partly be explained by
confusion about the different types of hepatitis, e.g., par-
ticipants may previously have received a positive test re-
sult for hepatitis B. Another explanation could be the
failure to detect antibodies e.g., due to excessive dilution,
as described above for HIV or a false negative anti-HCV

Table 3 Discordance of self-reported and measured HCV status, n=611

HCV laboratory test results

Self-reported status Unexposed (AB-, RNA-)

Chronic infection (AB+, RNA+) Cleared infection (AB+, RNA-)

Uninfected

Infected 109 (56 %)
Previously infected (cleared infection) 85 (44 %)
Total 194

61 (37 %) 29 (11 %)
225 (89 %)
102 (63 %)

163 254

AB antibodies
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test result which is not unlikely given the estimated sen-
sitivity of 97.8 %.

Of the participants with a chronic HCV infection, 27 %
falsely believed to be uninfected, to have cleared the infec-
tion or had never been tested or were not sure of their test
result. This rate is much lower than what is reported from
the UAM in England, Wales and northern Ireland where
45-53 % of anti-HCV positive were unaware of their HCV
infection in the years 2010-2014 [5]. Also the recent sys-
tematic review on HCV in PWID in Europe found higher
rates of undiagnosed HCV: 24-76 % (IQR: 38-64 % and
median: 49 %) [4]. An Australian study of 352 active injec-
tors under the age of 30, found rates of concordance simi-
lar to our study: 68 % among those with a chronic
infection and 46 % among those with a cleared HCV in-
fection [12]. Also data from a French study of HCV
among PWID found that only 22 % of PWID were un-
aware of their HCV infection [13, 14]. A recently pub-
lished study from Spain presents data on the proportion
of undiagnosed HCV infection among PWID stratified by
migration status and duration of injecting. This study re-
ports rates of undiagnosed HCV from 15 % among
Spanish long-term injectors up to 57 % among migrant
new injectors [6]. All these data suggest that awareness of
HCV infection status among PWID in Germany is rela-
tively high. This is also true when comparing with data for
the general population in Europe, where between 40 %
and 80 % of people with chronic hepatitis are believed to
be unaware of their infection [15]. However, the persons
indicating a true positive anti-HCV test result often do
not necessarily also know their PCR test result. In times of
effective treatment options for HCV this will become in-
creasingly important.

In our study, the majority (63 %) of those with a
chronic HCV infection with a discordant self-reported
status were aware of having been exposed to the virus
but believed to have cleared the infection. These partici-
pants might have simply assumed to be healed (we did
not collect data on whether the reported clearance had
been laboratory confirmed) or they might indeed have
cleared the virus but later become re-infected. These re-
sults show the need of special screening efforts of PWID
who have once cleared their HCV infection, as re-
infections can only be diagnosed by detecting the viral
RNA.

From a public health point of view, the most undesir-
able discordant status is being infected and either not
being aware of being infected or believing to be unin-
fected. This discrepancy between perception and reality
limits the access to appropriate health care and may in-
crease the risk of unknowingly transmitting infections.
However, the evidence about the association between
knowledge of HCV status and risk behaviours in PWID
is conflicting. Some longitudinal studies have observed a
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reduction in risky injecting drug use following notifica-
tion of HCV-positive status [16, 17], while other studies
found either no reduction or even increased risky injec-
tion behaviours among PWID receiving a diagnosis of
HCV infection [18, 19]. This means that believing to be
infected, while actually being uninfected may turn out to
become a self-fulfilling prophecy. As mentioned in the
results, it was common among both unexposed partici-
pants, as well as participants with a cleared infection, to
wrongly believe they were currently infected. It might be
that those who have been at risk assume they are in-
fected and/or do not believe their test results.

Studying HCV infection status and HCV test status is
complicated and not only our study participants, but in our
experience also both non-medical and medical staff often
had difficulties in distinguishing between the two HCV
tests (AB and RNA) and in interpreting the combination of
the two test results. Our findings, as are those from other,
similar studies, are limited by the lack of clarity regarding
HCYV test and infection status among both interviewers and
respondents. Several qualitative studies among PWID have
shown that confusion and uncertainty regarding the mean-
ing of a positive HCV test and HCV risk exist in this group
and that HCV is often perceived as an almost inevitable
consequence of drug injecting [20-22].

Our data is collected from eight large cities in
Germany, but is not likely to be representative for all
PWID living in Germany. E.g. our study sample might
be more knowledgeable about their infection status than
PWID living in smaller cities due to better access to
drug user services, testing and treatment in larger cities.

Conclusion

In our study, 17 % of HIV positive PWID and 27 % of those
with chronic HCV infection were unaware of their infec-
tions. These results indicate that the majority of the study
population is aware of their infection status, however still
more than a quarter of those with infectious HCV and
nearly one in five of HIV infected PWID in our study sam-
ple did not know their status, although they were often at-
tached to opioid substitution therapy or other harm
reduction services. Not being aware of the infection status
implies that they cannot access appropriate health care and
they risk unknowingly transmitting the disease to others.

In line with several other studies, we also believe that
the quality of post-test counselling is crucial for increas-
ing awareness of infection status as well as for ensuring
a positive impact on risk behaviours and ensuring link-
age to care and appropriate medical services for both in-
fected and uninfected PWID. In the era of highly
effective antiviral HCV-treatment options, the opportun-
ity is there to clear infection in almost all HCV-infected
PWID, if infected persons become aware of their status
and are linked to care.
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Background: People who inject drugs (PWID) are at high risk of hepatitis B virus (HBV) infection by
sharing needles and drug use paraphernalia. In Germany, no routine surveillance of HBV prevalence and
vaccination coverage among PWID exists.
Methods: Socio-demographic and behavioural data were collected between 2011 and 2014 through face-
to-face interviews, during a bio-behavioural survey of PWID recruited in eight German cities. Dried blood
spots (DBS) prepared with capillary blood were tested for HBV markers. Factors associated with past/
current HBV infection and vaccination status were analysed by univariable and multivariable analysis
using logistic regression. The validity of self-reported HBV infection and vaccination status was analysed
by comparison to the laboratory results.
Results: Among 2077 participants, the prevalence of current HBV infection was 1.1%, of past HBV infection
was 24%, and of vaccine-induced HBV antibodies was 32%. No detectable HBV antibodies were found in
43%. HBV infection status was significantly associated with study city, age, years of injecting, use of
stimulants, migration status, and homelessness; HBV vaccination status was significantly associated with
study city, age, and level of education. Correct infection status was reported by 71% and correct
vaccination status by 45%.
Conclusions: HBV seroprevalence among PWID was about five times higher than in the general population
in Germany, confirming PWID as an important risk group. Targeted information campaigns on HBV and
HBV prevention for PWID and professionals in contact with PWID need to be intensified. Routinely
offered HBV vaccination during imprisonment and opioid substitution therapy would likely improve
vaccination rates among PWID.
© 2017 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Research in context panel

Evidence before the study

information on HBV among PWID in Germany, and routine
monitoring of infections or risk behaviours among PWID has not
yet been established. Knowledge on HBV prevalence and vaccina-
tion coverage in this population in Germany is based on outdated

People who inject drugs (PWID) are at risk of blood-borne and
sexually transmitted infections, such as hepatitis B virus (HBV)
infection. There have been no recent studies providing up-to-date
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regional studies, which found markers of former HBV infection in
35-62% of study participants and low vaccination coverage. HBV
vaccination has been recommended and implemented in Germany
for PWID since 1982, and for all children since 1995, but the
coverage among PWID is largely unknown. Several studies from
other countries that have included smaller numbers of participants
have suggested limited validity of self-reported HBV infection and
vaccination status for PWID.

1201-9712/© 2017 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Added value of this study

The seroprevalence of current HBV infection among 2077 PWID
in this study was found to be about five times higher than that in
the general population in Germany, indicating that PWID are an
important group at risk of HBV infection. Despite a clear national
vaccination recommendation, a large proportion of PWID remains
at risk of infection, as suggested by the absence of infection- or
vaccine-induced antibodies. Settings in which PWID could easily
be reached for vaccination (opioid substitution treatment (OST) or
prisons) were found not to be associated with higher proportions
of vaccinated PWIDs, hinting at missed opportunities for vaccina-
tion. The in-depth analysis of key factors associated with HBV
infection and vaccination among this key risk group makes this
study highly relevant for public health practitioners and policy-
makers working on improving the health of PWID. Furthermore,
the limited validity of self-reported HBV infection and vaccination
status among PWID argues for pre-emptive vaccination of PWID if
no vaccination record is available.

Implications of all the available evidence

This study shows the need for targeted information campaigns
for PWID and professionals in contact with PWID on HBV and HBV
prevention, despite national vaccination recommendations in-
cluding both the recommendation of universal infant and child
vaccination (since 1995) and risk group vaccination (starting in
1982) in Germany. The authors recommend intensifying efforts to
ensure that HBV vaccination is routinely offered during OST and
imprisonment in order to improve HBV vaccination coverage
among PWID. The strong association of the study city particularly
with HBV vaccination status, and less so with infection status,
indicates an effect of the local setting. Further studies to evaluate
local differences, e.g., in practices and efforts of medical doctors
offering OST and local HBV vaccination and on information
campaigns/programs and their impact, might identify additional
effective measures and good practices to improve vaccination
coverage.

Introduction

People who inject drugs (PWID) are at high risk of hepatitis B
virus (HBV) infection through blood-borne transmission by sharing
needles and drug use paraphernalia, as well as through unsafe sex.
Worldwide, an estimated 12.7 million people inject drugs (United
Nations Office on Drugs and Crime, 2014 ), and 6.4 million PWID are
hepatitis B core antigen antibody (anti-HBc)-positive and 1.2
million are hepatitis B surface antigen (HBsAg) positive (Nelson
et al.,, 2011). National estimates of HBsAg prevalence among PWID
from seven European countries range from 0.5% to 6.3% (European
Centre for Disease Prevention and Control, 2016). In Germany, data
from routine reporting suggest that PWID constitute one of the
main groups affected by HBV, in addition to migrants and men who
have sex with men (Robert Koch-Institut (RKI), 2016). HBV
outbreaks among PWID have been repeatedly reported in Europe
over the past years (Andersson et al., 2012; Christensen et al.,
2001). Studies have identified several risk factors associated with
HBV infections among PWID, including age >25years, sharing
needles/syringes, history of needle/syringe sharing in prison, long
duration of injecting drug use, homelessness, and unemployment
(Andersson et al., 2012; Removille et al., 2011; Stark et al., 1997,
Brack, 2002).

International recommendations of the European Centre for
Disease Prevention and Control (ECDC), the European Monitoring
Centre for Drugs and Drug Addiction (EMCDDA), and the World
Health Organization (WHO) on the prevention of HBV among

PWID emphasize the importance of vaccination (World Health
Organization, 2012; European Centre for Disease Prevention and
Control and European Monitoring Centre for Drugs and Drug
Addiction, 2011). An effective, affordable, and safe subunit vaccine
against HBV has been available since 1982. The WHO recommends
vaccinating all infants after birth with the first of three to four
vaccination doses (World Health Organisation (WHO), 2009). Since
1995, the German Standing Committee on Vaccination (STIKO) has
recommended vaccinating all infants. Data collected between
2008 and 2011 indicated that 23% of adults in Germany had been
vaccinated against HBV, with an increasing proportion in the
younger age groups (57% among the 20-29-year-olds) (Poethko-
Muller et al., 2013). Since 1982 (West Germany) and 1984 (East
Germany), HBV vaccination of groups at increased risk, such as
PWID and prisoners, has been recommended. Worldwide, several
studies have found low HBV vaccine coverage among PWID
(Quaglio et al., 2006).

There have been no recent studies providing up-to-date
information on HBV among PWID in Germany, and routine
monitoring of infections or risk behaviours among PWID has not
yet been established. Knowledge on HBV prevalence and vaccina-
tion coverage among PWID in Germany is based on outdated
regional studies, which found markers of former HBV infection in
35-62% of the study participants and low vaccination coverage
(Stark et al., 1997; Brack, 2002; Ridder et al., 2004).

This analysis is based on data from a bio-behavioural survey of
PWID recruited in eight large German cities, performed between
2011 and 2014. The objective of this analysis was to describe the
HBV infection status and vaccination status of PWID and to identify
factors associated with current or past HBV infection, as well as for
not being vaccinated against HBV. Whether self-reported HBV
infection status and HBV vaccination status were supported by
serological test results was also investigated. This was done in
order to develop recommendations for improved HBV vaccination
coverage and HBV prevention among PWID.

Methods
Sampling and recruitment

Biological and behavioural data were collected from 2077 PWID
in eight large German cities between 2011 and 2014 (Zimmermann
et al., 2014). Study participants were recruited through respon-
dent-driven sampling (RDS) in up to four local low-threshold drug
services in each of the eight study cities (Berlin, Essen, Leipzig,
Cologne, Munich, Frankfurt am Main, Hanover, and Hamburg).
Inclusion criteria were age >16 years, having injected drugs in the
given study city in the last 12 months, and providing informed
consent for study participation. The study was piloted in Berlin and
Essen. All participants attended a questionnaire-assisted interview
and provided a capillary blood sample. Detailed information on the
study design and recruitment process has been published
previously (Zimmermann et al., 2014; Wenz et al., 2016).

Socio-demographic and behavioural data

Face-to-face-interviews included questions on socio-demo-
graphic factors, substances consumed, risk and preventive
behaviours, and HBV infection and vaccination. Minor modifica-
tions to the questionnaire were made throughout the survey.
Therefore, certain variables are not available for all cities. In the
first three cities (Berlin, Essen, and Leipzig), participants were not
asked whether they had ever been offered HBV vaccination. The
setting of the last vaccination was not queried in Berlin and Essen.

Migration status was defined by country of birth: first-
generation migrants were not born in Germany and second-
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generation migrants were born in Germany, but one or both
parents were not born in Germany. The level of education was
categorized following the International Standard Classification of
Education (ISCED). This was determined by querying the highest
school education and highest professional formation. If the highest
level of professional formation was missing, the highest school
education was used as the highest education level. The use of
stimulant drugs was defined as the consumption of amphetamine,
methamphetamine, cocaine, crack, or 3,4-methylenedioxyme-
thamphetamine (MDMA) during the last 30 days, regardless of
the mode of consumption. Unsafe use was defined as using shared
needles/syringes or spoons/filters, or sharing water for intravenous
drug consumption in the past 30 days. Condom use during the last
vaginal or anal intercourse was queried among participants who
reported sex in the past 12 months.

Defining correct knowledge of own HBV infection and vaccination
status

The self-reported HBV infection status was determined by
asking whether the participant had ever been tested for HBV and if
yes, what the result of the latest test was. Based on the answers,
participants were categorized as HBV-negative, HBV-positive, or
‘don’t know’. The self-reported HBV vaccination status was
determined by asking if the participant had ever been vaccinated
against HBV. Participants with laboratory-confirmed current or
past HBV infection were excluded from this analysis. The validity of
the self-reported HBV infection and vaccination status was
determined by comparing self-reported and laboratory tested
status.

Biological data collection and laboratory analysis

Capillary blood samples were collected from each participant
by finger prick and spotted on filter cards to prepare dried blood
spots (DBS). DBS testing for this study was validated during the
pilot (Ross et al., 2013). DBS were tested for HBsAg (only during the
pilot study in Berlin and Essen), HBV-DNA, hepatitis B surface
antigen antibodies (anti-HBs), and hepatitis B core antigen
antibodies (anti-HBc) (all study cities); genotypes were deter-
mined as described previously (Zimmermann et al., 2014; Al
Baglani et al., 2014).

The interpretation of HBV laboratory results was performed
according to German clinical guidelines (Cornberg et al., 2011)
(Table 1). Samples with exclusive detection of anti-HBs antibodies
with a detection limit of 10 IE/l were interpreted as HBV
vaccinated. HBV seroprevalence was defined as current or past
HBV infection. Samples negative for all tested HBV markers were
interpreted as unexposed to HBV.

Table 1
Classification of serological and molecular markers for HBV diagnostics.”
HBV status HBV marker
anti-HBs anti-HBc HBV-DNA/HBsAg
Unexposed - — -
HBV vaccinated + - -
Current HBV infection (+) (+) +
Past HBV infection (+) + -

HBV, hepatitis B virus; anti-HBs, hepatitis B surface antibody; anti-HBc, hepatitis B
core antibody; HBsAg, hepatitis B surface antigen.

2 ‘+ indicates detection of HBV marker; ‘(+)’ indicates detection of HBV marker
irrelevant for classification of HBV infection status; ‘' indicates no detection of HBV
marker.

Statistical analysis

Results are shown as the range of proportions (minimum and
maximum values (%)) in the study cities. Univariable and
multivariable analysis (UVA and MVA) were performed using
logistic regression. To analyse the effect of the study city, a city with
a medium prevalence was chosen as reference. For the MVA,
models were built using stepwise forward selection by adding
factors with a p-value lower than 0.2 in the UVA. Multivariable
models were adjusted for sex and were retained only if the p-value
was <0.05 in the likelihood ratio test. For the analysis of factors
influencing HBV infection, HBV vaccinated participants were
excluded. For the analysis of factors influencing HBV vaccination,
participants with current/past HBV infection were excluded. All
data analyses were performed using Stata version 14.0.

Ethics approval and data protection

Ethical approval was received from the Ethics Committee at
Charité University Medicine, Berlin, Germany, in 2011 (Number
EA4/036/11) and in 2012 (amendment; Number EA4/036/11). The
Federal Commissioner for Data Protection and Freedom of
Information approved the study protocol in 2012 (IlI-401/
008#0035). All participants provided informed consent allowing
their anonymized data to be used for publication. Participants were
also allowed to give oral informed consent, which was then
certified by the study manager’s signature on the informed consent
form. Informed consent forms and questionnaires were sent to the
Robert Koch Institute where data entry and analysis were
performed. Informed consent forms were stored separately from
questionnaires, with restricted access only to study personnel.
Participants were offered the option to receive their test results by
consenting on a personal code word. In such cases, post-test
counselling was provided. In each of the study cities, referral
structures were organized so that persons who voluntarily
received their test result could be referred to medical care for
further diagnostics and treatment, if necessary.

Results

Among the 2077 participants, the proportion of women among
the study cities ranged from 19% to 35%; the median age of
participants was 29-41 years and median duration of injecting
drugs was 10-18 years. Between 76% and 88% of participants
reported injecting in the last 30 days, and 57-85% reported heroin
consumption in this period. Other characteristics and drug
consumption practices of the study population have been
published elsewhere (Wenz et al., 2016).

HBV seroprevalence and prevalence of vaccine-induced HBV
antibodies

The prevalence of current HBV infection was 1.1% (n=22) (city
range 0.3-2.5%) and the prevalence of cleared HBV infection was
24% (n=494) (city range 2.3-31%). HBV seroprevalence among all
study participants was 25% (n=>516) (city range 4.3-32%). Similar
to HBV seroprevalence, prevalence of HBV vaccination-induced
HBV antibodies varied between study cities (city range 15-52%),
with an average of 32% among all study participants. Across all
study cities, 43% of study participants (city range 16-69%) had no
antibodies against HBV through vaccination or natural immunity
after HBV infection (Figure 1, Table 2).

HBV seroprevalence increased with age and was 3%, 17%, and
37% in the age groups <25 years, 25-39 years, and >40 years,
respectively. Current HBV infections were detected in 0.7% within
the age group of 25-39 years and in 1.6% of those >40 years old. No
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Figure 1. Serological and molecular findings for HBV status by study city.

Table 2

HBV status (according to laboratory findings) by age group, sex, and HIV and HCV status.

Unexposed Vaccinated Current HBV infection Past HBV infection
Age group <25years (n=135) 63 (47%) 68 (50%) 0 (0.0%) 4 (3.0%)
25-39 years (n=1018) 503 (49%) 341 (34%) 7 (0.7%) 167 (16%)
>40 years (n=922) 323 (35%) 261 (28%) 15 (1.6%) 323 (35%)
Sex Male (n=1594) 690 (43%) 493 (31%) 17 (1.1%) 394 (25%)
Female (n=480) 198 (41%) 178 (37%) 4(0.8%) 100 (21%)
HIV status Negative (n=1977) 855 (43%) 639 (32%) 19 (1.0%) 464 (23%)
Positive (n=100) 35 (35%) 32 (32%) 3 (3.0%) 30 (30%)
HCV status Negative (n=716) 376 (53%) 253 (35%) 2(0.3%) 85 (12%)
Positive (n=1361) 514 (38%) 418 (31%) 20 (1.5%) 409 (30%)
Total (n=2077) 890 (43%) 671 (32%) 22 (11%) 494 (24%)

HBV, hepatitis B virus; HIV, human immunodeficiency virus; HCV, hepatitis C virus.

current HBV infections were detected in those aged <25 years.
Among all study participants, the HBV seroprevalence was higher
among men than women (26% vs. 22%) (Table 2).

HBV genotypes

HBV genotyping was performed on 16 samples with active HBV
infection (no genotyping was performed in Berlin or Essen). The
most frequently identified genotype was D (n=12), followed by A
(n=3) and G (n=1). Other HBV genotypes were not detected.

Knowledge of correct HBV infection status

Self-reported and laboratory-tested HBV infection status were
concordant in 71% (n = 1463), indicating correct knowledge of their

Table 3

own HBV infection status. Among study participants, 9.3% (n=190)
stated that they did not know their HBV infection status. Among
the participants who had a past or current HBV infection, 41%
(n=209/511) were unaware of their infection. Among all study
participants, 11% (n=233) thought they had been or were currently
infected with HBV, although their laboratory results indicated
neither previous vaccination nor contact with HBV (Table 3).

Factors associated with HBV infection status

In the UVA, participant age >25 years (reference: <25 years),
injecting drugs for more than 10 years, using stimulant drugs in the
past 30 days, and ever having been incarcerated or in opioid
substitution therapy (OST), were significantly associated with
current/past HBV infection (Table 4). Furthermore, the HBV

Self-reported HBV infection status and comparison to laboratory tested HBV infection status among patients with a valid answer on infection status (n=2051).

Self-reported HBV infection status

HBV laboratory test result Not infected Infected Don’t know Total
Unexposed 663 (32%)" 117 (5.7%) 98 (4.8%) 878 (43%)
Current/past infection 165 (8.0%) 302 (15%)* 44 (2.2%) 511 (25%)
Vaccinated 498 (24%)° 116 (5.7%) 48 (2.3%) 662 (32%)
Total 1326 (65%) 535 (26%) 190 (9.3%) 2051 (100%)

HBV, hepatitis B virus.
¢ Concordant results.
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Table 4

Univariable and multivariable analysis of factors associated with HBV infection (n=1406).

Current/past HBV infection

Univariable analysis Multivariable analysis

OR 95% CI aOR 95% ClI

Study city Frankfurt 38% Ref. Ref.

Leipzig 6.3% 0.1 0.0-0.3 0.2 0.1-0.4

Berlin 19% 0.4 0.3-0.6 0.5 0.3-0.8

Cologne 35% 09 0.6-1.3 0.8 0.6-1.3

Hamburg 47% 15 1.0-2.2 12 0.8-1.8

Essen 43% 12 0.8-1.8 14 0.9-2.2

Munich 51% 1.7 ’ 11-2.6 19 1.1-31

Hanover 67% 3.2 2.0-5.2 3.2 19-5.3
Sex Male 34% Ref. Ref.

Female 37% 0.9 0.7-1.2 11 0.8-15
Age (years) <25 6.0% Ref. Ref.

25-39 26% 5.4 - 2.0-15 22 0.7-6.4

>40 51% 165 5.9-46 5.3 1.8-16
Duration of IV drug use <10years 15% Ref. Ref.

>10years 44% 4.6 3.3-6.4 2.8 1.9-4.0
Use of stimulant drugs (past 30 days) No 31% Ref. Ref.

Yes 40% 15 . 12-19 1.6 12-21
Migrant status Non-migrant 38% Ref. Ref.

2nd generation 32% 0.8 0.6-1.1 0.9 0.6-1.2

1st generation 37% 1.0 0.7-1.3 15 11-2.0
Ever been homeless No 34% Ref. Ref.

Yes 38% 12 0.9-15 14 11-18
Ever incarcerated No 29% Ref.

Yes 38% 15 '“ 11-2.1
Ever in opioid substitution therapy No 24% Ref.

Yes 40% 21 15-2.8
Unsafe use (past 30 days) No unsafe use 40% Ref.

No IV drug use 30% 0.6 . 0.5-0.9

Unsafe use 34% 0.8 ) 0.6-1.0
Condom use during last vaginal/anal intercourse Yes 36% Ref.

No sex past 12 months 42% 13 1.0-1.8

No 35% 0.9 0.7-1.2

HBV, hepatitis B virus; OR, odds ratio; aOR, adjusted odds ratio; CI, confidence interval; IV, intravenous.

" p<0.05.
" p<0.01.
" p<0.001.

infection status differed significantly between the study cities.
Participants injecting drugs in Munich and Hanover more often
had a current/past HBV infection compared to participants from
the other cities. Migrant status, ever having been homeless, and
condom use during the last vaginal/anal intercourse were not
associated with HBV infection status in the UVA. Participants who
stated either unsafe use or no intravenous drug use in the past 30
days (reference: no unsafe use) had significantly lower odds of
having a current/past HBV infection.

Table 5

In the MVA, study participant age >40 years (reference: <25
years), injecting drugs for more than 10 years, having used
stimulant drugs in the past 30 days, being a first-generation
migrant (reference: non-migrant), and having ever been homeless
was associated with higher odds of having a current/past HBV
infection. As in the UVA, the study city was also significantly
associated with the HBV status.

Incarceration, unsafe use, OST experience, and condom use
during the last vaginal/anal intercourse were not significantly

Self-reported and laboratory tested HBV vaccination status among patients with a valid answer on vaccination status and with no laboratory-confirmed current/past HBV

infection (n=1553).

Self-reported HBV vaccination status

HBV laboratory test result Not vaccinated Vaccinated Don’t know Total
Unexposed 353 (23%)* 407 (26%) 125 (8.1%) 885 (57%)
Vaccinated 239 (15%) 349 (22%)* 80 (5.2%) 668 (43%)
Total 592 (38%) 756 (49%) 205 (13%) 1553 (100%)

HBV, hepatitis B virus.
¢ Concordant results.
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associated with being or having been infected with HBV in the MVA
(Table 4).

Knowledge of correct HBV vaccination status

Among participants with no laboratory-confirmed current/past
HBV infection, 45% (n=702) of self-reported and laboratory-tested
HBV vaccination status results were concordant, indicating correct
knowledge of their HBV vaccination status. Among participants,
13% (n=205) stated that they did not know their HBV vaccination
status. Falsely assuming not being vaccinated against HBV was the
case for 15% (n=239) of participants. Among participants with
neither vaccine-induced nor infection-induced detectable anti-
bodies against HBV, 26% (n=407) stated that they had been
vaccinated against HBV (Table 5).

Setting of last HBV vaccination

Among participants who reported having been vaccinated
against HBV (n=938), 641 answered the question about the setting
or place of their last vaccination. The most frequently reported
settings were medical doctors without addiction therapy, e.g.
general practitioners (34%), OST services (23%), and hospitals (17%)
(Figure 2).

Factors associated with HBV vaccination status

The UVA showed that injecting drugs in Berlin, belonging to age
group 25-39 years, having a high education level, ever having been
incarcerated, and never having been in OST, were significantly
associated with testing negative for vaccine-induced HBV anti-
bodies (Table 6). In the MVA, participants who injected drugs in
Berlin, belonged to the age group 25-39 years (reference: <25
years), and had a high education level (reference: low education
level) were significantly associated with not having vaccine-
induced HBV antibodies. No association was found in the MVA for
incarceration and OST (Table 6).

Discussion

The HBV seroprevalence among PWID in this study was about
five times higher than that in the general population in Germany,
MD without addiction therapy

OST service*

Hospital

Low-threshold drug service

Rehabilitation/Long-term therapy

Other

Local health authority

Prison hospital

confirming PWID as an important risk group for HBV (Poethko-
Muller et al., 2013). Furthermore, despite the existing recom-
mendations of STIKO for the vaccination of PWID against HBV,
neither vaccine-induced antibodies nor any natural immunity
from past HBV infection were detected in 43% of participants,
therefore leaving them at risk of infection. This suggests that the
German vaccination recommendation for PWID and other groups
at increased risk of HBV infection has not been reaching this group
sufficiently. It is noteworthy that the study participants often had
several indications for HBV vaccination besides intravenous drug
use, e.g. HIV infection, hepatitis C virus (HCV) infection, or
incarceration experience. However, young study participants (<25
years of age) showed a higher proportion of vaccine-induced
immunity and a lower prevalence of HBV infection than those in
the older age groups, indicating that they had already been covered
by the general vaccination recommendation for infants imple-
mented in 1995. Catch-up campaigns for older children were
conducted to immunize children <19 years of age, but they were
not systematically implemented and conducted on a large scale. In
line with this, a higher proportion of vaccine-induced immunity
among those aged 25-39 years was not observed; this age group
represents a population that might have benefited from the
general vaccination recommendation in childhood.

In this study, age >40 years and duration of intravenous drug
use of more than 10 years was significantly associated with
current/past HBV infections. This finding is biologically plausible,
as it correlates with longer lifetime exposure to HBV and is in good
agreement with several other studies (Removille et al., 2011; Edeh
and Spalding, 2000). Further, first-generation migrants have higher
odds of current/past HBV infection than non-migrants, similar to
the results of the national German children and adolescents survey
(Cai et al, 2011). This could be explained either by a higher
prevalence of HBV or less effective HBV vaccination programmes in
the country of origin, or limited access to HBV vaccination in
Germany due to language or other barriers or lack of health
insurance (Lutgehetmann et al., 2010).

Ever having been in OST was not significantly associated with
HBV infection status in the MVA and indicates that opportunities to
vaccinate OST recipients against HBV are currently not optimized.
Reasons might be that awareness is low, because medical doctors
offering OST are often not trained in infectious diseases and the
dogma that people receiving OST are supposed to stop their

34%
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Figure 2. Place of last HBV vaccination (n=641). Question not asked in Berlin, Essen, or Leipzig. MD, medical doctor; OST, opioid substitution therapy. *OST service includes

medical doctors/outpatient clinics with OST or addiction therapy.
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Table 6

Univariable and multivariable analysis of factors associated with not having HBV vaccine-induced antibodies (n=1561).

No vaccination-induced HBV antibodies detected

Univariable analysis Multivariable analysis

OR 95% CI aOR 95% ClI
Study city Frankfurt 64% Ref. Ref.
Hanover 23% 0.2 - 0.1-0.3 0.2 0.1-0.3
Munich 32% 0.3 0.2-0.4 0.3 0.2-0.4
Hamburg 42% 0.4 0.3-0.6 0.4 0.3-0.6
Cologne 66% 11 0.7-1.6 11 0.8-1.7
Essen 66% 11 0.7-1.6 11 0.7-1.8
Leipzig 73% 15 0.9-2.4 18 11-3.0
Berlin 82% 2.5 1.7-3.8 2.7 1.8-4.1
Sex Male 58% Ref. Ref.
Female 53% 0.8 0.6-1.0 1 0.7-12
Age (years) <25 48% Ref. Ref.
25-39 60% 1.6 ) 11-23 19 12-29
>40 55% 13 0.9-2.0 1.7 11-2.8
Education Low 55% Ref. Ref.
Middle 58% 11 0.9-13 12 0.9-1.5
High 75% 24 N 1.3-4.7 2.8 14-5.6
Other 59% 12 0.6-2.3 17 0.8-3.5
Ever incarcerated No 51% Ref.
Yes 58% 13 ) 1.0-1.7
Ever in opioid substitution therapy Yes 55% Ref.
No 63% 14 ’ 11-18
HBV, hepatitis B virus; OR, odds ratio; aOR, adjusted odds ratio; CI, confidence interval.
" p<0.05.
" p<0.01.
" p<0.001.

injecting drug use. The use of stimulant drugs in the past 30 days
might be associated with riskier sexual and unsafe use behaviours
(Tavitian-Exley et al., 2015); however, not using a condom during
the last sexual intercourse did not seem to be associated with HBV
infection status. This might indicate that the last intercourse is not
a good proxy for life-time sexual risk behaviour or that sexual
transmission is not the main route of HBV transmission in this
group.

PWID aged >25 years or with a higher education level were less
likely to have detectable vaccine-induced HBV antibodies. An
association with high education level was not expected, although
scepticism towards vaccination has been observed in persons with
higher levels of education in other studies (Wei et al., 2009).
However, due to the cross-sectional design of this study, drawing
strong conclusions regarding whether different socio-demograph-
ic and behavioural factors are the cause or effect of HBV infection
and vaccination is not possible.

Neither having been incarcerated nor being in OST was
significantly associated with showing vaccine-induced HBV anti-
bodies in the MVA, although these could be appropriate settings to
target PWID for HBV vaccination. Most participants had received
their last HBV vaccination from medical doctors not offering
addiction therapy, and few had been vaccinated at low-threshold
drug services, during rehabilitation/long-term addiction therapy,
or in prison, indicating that these settings should be better utilized
to improve HBV vaccination rates among PWID in Germany. The
completion of a vaccination schedule would be easily feasible, e.g.
during OST, due to the regular contact with medical staff.

The MVA revealed a strong association of the study city
particularly with HBV vaccination, and less with infection status,
indicating an effect of the local setting. In a setting where the
proportion of HBV-infected PWID is low (and the proportion of
vaccinated PWID high), the transmission of HBV is less likely to
occur. Furthermore, local differences in practices of medical

doctors offering OST, local HBV vaccination, and information
campaigns/programmes, e.g. in low-threshold drug services, may
also play a role here and need to be examined in further studies to
evaluate the differences in the study cities and their impact.

Options to increase vaccination coverage among PWID, as
recommended by the WHO and EMCDDA, include the immediate
availability of on-site vaccination during information and vaccina-
tion campaigns targeting PWID, prison-based vaccination pro-
grammes, cash incentives, and accelerated immunization
schedules (Campbell et al., 2007; Sutton et al., 2006; Weaver
et al., 2014; Shah et al., 2015); however, these are not routinely
implemented in Germany. Integrating vaccination campaigns into
needle exchange programmes may also be a cost-effective option
(Hu et al., 2008).

The self-reported HBV infection and vaccination status had
limited validity, with 71% of participants reporting their HBV status
and only 45% reporting their HBV vaccination status in concor-
dance with the laboratory tests. This discordance between self-
reported and tested results has been reported in previous studies
among PWID (Topp et al., 2009). Similarly, among those with a
chronic HCV infection, 73% reported their correct HCV status
(Nielsen et al., 2016). Discordant results also included participants
falsely assuming an HBV infection, probably due to confusing HBV
with HCV. About 20% of study participants assumed that they were
vaccinated against HBV, but showed neither vaccine- nor infec-
tion-induced antibodies, most probably leaving them at risk of HBV
infection. Explanations for this might be confusing HBV vaccina-
tion with other vaccinations, or insufficient protection due to
incomplete vaccination schedules. Furthermore, primary (non-
response) or secondary (waning of antibodies) vaccination failure
cannot be excluded as possible explanations for the lack of
detection of vaccine-induced HBV antibodies. This would lead to an
underestimation of the vaccination prevalence,