Highlights

1) New tool to monitor illicit substances used by injecting drug users in order to adapt
prevention and harm reduction messages.

2) Assess if the drugs found in syringes are those injection drug users’ (IDUs) think they use.

3) Compare adulterants found in syringe content and those found within drug seizures made

by the police.
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Abstract

Background: For the first time in Switzerland, an analysis of residual contents from used syringes
collected from low threshold facilities was performed. This preliminary study is part of a wider
project aiming to understand patterns of injecting drug use over time. Methods: Among the
100,000 syringes exchanged annually by the ABS foundation (Accueil Bas Seuil), 113 were
collected following a purposive sampling method and analysed by gas chromatography coupled
with mass spectrometry (GC-MS). Results: Four syringes (4% of the sample population)
contained no substances take into consideration the limit of the method. Cocaine was the most
commonly observed compound and was detected in 77 syringes (68%), whilst users reported
syringes with cocaine among those analysed in this study. Heroin was detected in 49 syringes
(43%) and reported by 53 users returning syringes; midazolam was detected in 31 syringes (27%)
and reported as the medicine Dormicum1 in 22 occurrences. No new or unusual illicit drug was
detected in the sample. Conclusion: The results show the presence of cocaine in more than half of
the sample, an absence of new or unusual illicit drugs, as well as very few traces of methadone,
which suggests that this substitution drug is rarely injected. This preliminary study also
demonstrates the potential of this developed methodology for monitoring purposes. An ongoing
and more systematic approach could allow to detect modifications in drug use patterns among the
target population as well as the appearance of new and hazardous substances. Such systematic and
timely results could allow an adaptation of harm reduction interventions.

Keywords: illicit drugs, needle exchange programs, injection drug users (IDUs), low threshold

facilities (LTFs), GC-MS, harm reduction.

Page 2/18



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

1. Introduction

The injection of illicit drugs is an important problem in Switzerland which culminated with the
open drug scene in the 1980s and 1990s [1]. Since 1994, the Swiss Confederation has set up a drug
policy based on “four pillars” [2]: prevention, treatment, harm reduction and repression (law
enforcement). Low threshold facilities (LTFs) can be considered as the frontline of harm reduction
programs [3] that the injection drug users (IDUs) can visit anonymously. They propose, among
other things, needle exchange programs which were developed from the 1980s on to reduce the
number of reused and shared syringes by IDUs for tackling the HIV/AIDS epidemic [4]. For over
20 years, the Institute of Social and Preventive Medicine (IUMSP) has been monitoring the number
of syringes distributed in Switzerland and conducting periodic surveys in LTF structures to gather
behavioral surveillance data from IDUs [1]. These data rely on the statements of the users and can
be biased by the questionnaire or the responses provided. To have an objective picture of
substances that are injected by IDUs, it has been proposed, for the first time in Switzerland, to
analyse the residual contents of used syringes collected from two LTFs. In parallel, IDUs were to
be questioned about the substances last used with the syringe. The results of the analysis were
compared with the answers of the IDUs for evaluating their knowledge about what they are
consuming. A study about residual content of used syringes had already been performed in Paris,
where heroin (42%) was the most commonly observed substance followed by cocaine (41%),
bupre-norphine (29%) and 4-methylethylcathinone (23%) [5]. The presence of 4-
methylethylcathinone was surprising and allowed to assess and improve existing harm reduction
strategies. The results of the present study could also be combined with other sources of data like
the analysis of seizures made by the police [6] to compare, for example, the types of cutting agent
involved. Cutting agents are compounds which are frequently used to increase the quantities of
heroin and cocaine at various levels on the drug market. Two types of cutting agents exist,
adulterants and diluents. The adulterants are pharmacologically active compounds whereas
diluents are pharmacologically inactive compounds, such as sugars (glucose, lactose . . . ) [7].

Some adulterants are known to be dangerous to IDUs’ health. Their detection could allow one to
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1 adapt harm reduction message which could then lead to a better understanding of the illicit drug

2  market.
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2. Methodology

2.1 Sampling

Two major syringe exchange facilities from the ABS foundation in Lausanne, called Distribus
(mobile) and Passage (stationary), were selected for this study. The syringes were collected during
two weeks in March 2015. During this period, waste disposal boxes were placed on LTF, Distribus
and Passage for the study. When an IDU brought multiple syringes, only one of them was placed
in the study box, in order to maximize the number of participants and gathering the most reliable
illicit drug use patterns. Each syringe providing IDU was asked to fill in a questionnaire with four
questions about the last injection (What was the last product you injected? What was the injected
dose? Did you purchase this product in Lausanne? Have you ever bought drugs on Internet?). The

sampled syringes were keptat _20 _C to avoid degradation of compounds.
2.2 Chemicals and material

Methanol (MeOH) and acetic anhydride were purchased from Merck, acetonitrile, ethyl acetate
from Sigma—Aldrich, N-methyl- N-(trimethylsilyl)trifluoroacetamide (MSTFA) from Macherey
Negel and anhydrous pyridine from VWR prolabo. New disposable propylene syringes of 1 mL
were purchased from Infochroma AG, and wheel filters (Nylon, 0.45 mm) from Titan. 300 mL

vials with Silicone/PTFE caps were purchased from Agilent. Clean Pyrex test tubes were used.
2.3 Sample preparation

The sampled syringe was prepared by pumping 1 mL of MeOH five times consecutively. The
MeOH mixed with the diluted compounds was then collected in a clean test tube, which was then
vortexed for 1 min. This solution was equally divided into three test tubes. The first test tube was
filtered into a vial with an insert and directly injected into a GC-MS (“Non derivatised sample™)
[5]. The second sample was first evaporated to dryness before silylation by adding 100 mL of a
solution of anhydride acetic anhydrous and pyridine (3:2). This solution was heated at 80 _C in
an oven for 30 min and evaporated to dryness. The residues were diluted with a 100 mL solution

of ethyl acetate, filtered into a vial and injected into a GC-MS. The third sample was also
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evaporated to dryness before adding 100 mL of MSTFA. This solution was heated at 80 _C in an
oven for 30 min and again evaporated to dryness. The residues present were diluted with 100 mL
of a solution of MSTFA and acetonitrile (1:1), filtered into a vial and injected into a GC-MS. The

sample preparation method is summarised in Fig. 1.
2.4 Analytical method

An Agilent gas chromatograph (6890N Network) interfaced with an Agilent mass selective
detector (5973 Network) was used to perform the analyses. Separation was accomplished on a DB-
XLB capillary column (30 m length, 0.25 mm in diameter and 0.25 mm film thickness). Injections
were carried out in splitless mode using a general purpose split/splitless liner (Agilent
Technologies 208122-10). One microliter of each sample was injected with Helium as carrier gas
(constant flow mode, 1.2 mL/min). The temperature program starting at 70 _C was held for 1 min,
then increased to 200 _C (at 15 _C/min) and to 300 _C (at 10 _C/min). At that temperature, the
program was held for 7 min and then increased once more to 320 _C (30 _C/min), at which it
was finally held for 3.67 min. The total run time was 31 min. Temperatures applied were 270 C
for the injector, 230 _C for the ion source and 150 _C for the quadrupole. The MS Data was
acquired in full scan mode (10400 m/z mass range for the first 7 min then 30-550 m/z mass

range), with a sampling rate of 2 scans/s.
2.5 Software/data pre-treatment

The data was analyzed using MSD Enhanced ChemStation (Agilent Technologies) and compound
characterization was performed using mass spectra computerized databases, such as NIST Version
2014 (National Institute of Standards and Technology), Wiley Edition 10, MPW Version 2011
(Maurer/Pfleger/Weber, Drugs/Poisons/Pesticides/Pollutants & Metabolites), DD Version 2014
(Drug Design & Discovery) and custom databases from the University Institutes of Legal Medicine
of the Faculty of Medicine of Geneva (CURML). Compound characterisation was performed by a
single macro in MSD Enhanced ChemStation in order to identify all the compounds present in the
syringes using a screening method. The results were stored and handled in an Excel worksheet.
The results of the analyses of the residues present in the used syringes were then compared to the
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IDUs’ answers in the first question which was “What was the last product that you injected”. x2
tests were performed using the software R (ISBN: 3-900051-07- 0. R foundation for statistical
computing, Vienne, 2015).

2.6 Comparison of cutting agent
Within this study, only adulterants were studied since diluents can originate from blood residues
present in the syringes, which also contain sugars. For the interpretation, adulterant results were

considered only when one psychoactive substance was present. Therefore this result was compared

to the analysis of seizures made by the police [6].
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Figure 1 : Sample preparation method
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3. Result

3.1 Participation rate and sample size
During this study, 111 contacts with IDUs were made at the Distribus. For 97 of these contacts,
the IDU agreed to provide their used syringes for this study. Out of these 97 participants, 94
provided answers to the questionnaire. At the Passage, 22 contacts provided a used syringe. Of the
22 participants, 3 did not respond to the questionnaire.

A total of 113 syringe-questionnaire couples were considered (Table 1).

Number of days Number of Number of Number of Number of syringe
contacts refuse guestionnaires and without
syringe questionnaires
Distribus 9 111 14 94 (84%) 3
Passage 10 22 0 19 (86%) 3
Total 133 14 113 (85%) 6

Table 1: Number of samples per site

3.2 llicit drugs detected and reported

One or more active substances were detected in 109 syringes from 113. In detail, one substance
was detected in 64 syringes (57%), two substances in 32 syringes (28%) and three substances in
13 syringes (12%). No illicit drugs were detected in 4 syringes (4%).

Cocaine was the most quoted drug in the IDUs’ questionnaire and also the most detected
compound in this study. It was detected in 77 (68%) syringes, whilst participating IDUs reported
it 73 times (65%) for the question about the last product injected.

Heroin was the second most used substance identified during this study in 49 (43%) syringes,
whilst it was reported in 53 cases (47%). In third place, midazolam (a benzodiazepine used for
reducing anxiety or anesthesia before certain medical procedures or surgery [8]) was detected in
31 syringes (27%), and corresponds to the announced prescribed drug Dormicum® (containing
the active substance midazolam) in 22 IDU questionnaires (19%).

Finally, methadone was detected in three syringes, A-9-tetrahydrocannabinol (the main active
molecule of cannabis) was detected in two syringes. Flurazepam (a benzodiazepine prescribed for
short-term treatment of insomnia), zolpidem (a drug prescribed for insomnia) and

methamphetamine were each detected in one syringe (Figure 2).
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Figure 2: Occurrence and frequency (expressed as a percentage of the total number of specimens above each histogram) of the
substances of abuse detected by GC-MS analysis (a) and reported by the UDIs (b)

3.3 Cutting agents
Three different groups were created according to the main drug detected. The first group was
composed of syringes containing only cocaine (43 syringes), the second of those containing only
heroin or midazolam and heroin (29 syringes) and the third group containing all other syringes
(41) which consists of syringes contained heroin and cocaine, midazolam only and the empty
syringe. Mixtures of drugs were not considered. However, no other adulterants were detected in
the third group.
Cocaine
Among syringes containing only cocaine, phenacetin and caffeine were each detected in 32 (74%)
samples, levamisole in 23 (53%), lidocaine in 14 (33%), hydroxyzine in six (14%), paracetamol
in two (5%) and procaine in one (2%).
In three syringes (7%) containing cocaine, no adulterants were detected. One respective two
adulterants were each detected in 6 syringes (14%), three adulterants in 18 syringes (42%), four
adulterants in nine syringes (21%) and all adulterants were detected in one single syringe (2%).
The most frequently detected combination was phenacetin with caffeine and levamisole, detected
in eight syringes (19%) followed by the combination of phenacetine, lidocaine and caffeine in

seven syringes (16%).
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The frequency of each adulterant detected in the syringes which contained cocaine was compared
to the frequencies of adulterants obtained from cocaine samples analysed in 2014 by the School of

Criminal Sciences (ESC) in Lausanne [6] (Figure 4).
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Figure 4: Occurrence and frequency (expressed as a percentage of the total number of specimens above each histogram) of
adulterants detected in the syringes where cocaine was detected (a) and adulterants detected in cocaine street samples (b) (adapted
from [6]).

The same types of adulterants were detected in these two set of data, however caffeine had a higher

occurrence in this project and levamisole was most detected in cocaine seized by the police.

Heroin

In the heroin group, caffeine was detected in 28 syringes (97%), paracetamol in 27 (93%),
levamisole in three (10%), griseofulvine in two (7%) and phenacetin (3%) in one.

The frequencies of each adulterant detected in syringes containing heroin or heroin/midazolam
was compared to frequencies obtained for heroin samples seized by the police and analysed by the

School of Criminal Sciences (Figure 5).
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Figure 5: Occurrence and frequency (expressed as a percentage of the total number of specimens above each histogram) of the
adulterants detected in the used syringes where heroin was detected (a) and adulterants detected in heroin street samples (b)
(adapted from [6]).

Frequencies of caffeine and paracetamol were almost the same in this syringe group as well as the

frequencies resulting from the heroin seizure.
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4. Discussion

4.1 Participation
Among those people exchanging syringes in the two facilities, 89% accepted to participate in this
study. Although authorization was granted for this study, only a small number refused to

participate and many IDUs were even interested in knowing the contents of their syringes.

4.2 Analytical Strategy

For this first study, the analytical strategy was chosen in order to detect a large variety of
psychoactive substances which could be used by IDUs. For this reason, a screening approach based
on the analysis of the underivatised sample by the GC-MS was used. In fact, several mass spectra
libraries including new psychoactive substances and illicit drugs are available for substance
characterisation. In order to maximize, the number of substances that could be identified by GC-
MS sample were also analysed after derivatisation. This procedure permits to reduce polarity and
enhance volatility, increasing thermal stability and enabling a GC-MS analysis of a maximum of
compounds [9].

The results presented in this study are a compilation of the three sample preparations. On the one
hand, several substances detected in underivatised samples were confirmed by identification of
each substance in the derivatised samples. On the other hand, some substances such as sugar and
paracetamol were characterised on derivative samples only. The results after acetylating supplied
no additional information compared to those obtained after sylilation, however peak resolution on
the chromatograms was better after sylilation. For this reason, further studies using this strategy
could be performed using direct injection and sylilation analysis.

This approach is qualitative. Due to the quality and heterogeneity of samples a quantitative analysis
is not possible. However, differences in the intensity of the signal were observed, suggesting
different amounts of substances in the different samples. Different reasons could explained these
differences like the purity of the illicit drugs, the dilution of the injected materials, a contamination

during the preparation of the injection or the reuse of syringes.
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4.3 Hlicit drugs announced versus illicit drugs detected

General

Based on the distribution of active substances, the difference between the illicit drugs announced
during the survey and those detected by GC-MS was not statistically significant (y2 test, p-value
= 0.493 > 0.05) for the four groups, cocaine, heroin, midazolam (Dormicum®) and other.
Moreover, no significant differences was observed between syringes collected during the different
days of week (2 test, p-value = 0.642 > 0.05).

Cocaine

The most commonly observed compound measured during the sampling campaign was cocaine.
A good agreement was observed between the number of syringes for which IDUs announced
cocaine injection (73 answered in the first question) and the number of syringes in which cocaine
was detected (77 syringes).

In Europe, the use of cocaine by polytoxicomane has increased since 2009. This increase could
reflect the use of cocaine in primary drugs as an opiate replacement as well as the use of cocaine
among primary heroin users [10]. In the present study, cocaine frequency was higher than heroin
frequency. Moreover, heroin and cocaine were detected in the same syringe which is in accordance
with these trends.

In Switzerland since 2009, cocaine seizures have slightly increased (556 kg in 2009, 588 kg in
2015)., which is consistent with the increase of cocaine consumption [11,12].

Heroin

Heroin was the second most used substance in the sampled population (41% detected and 49%
reported). When morphine was detected in presence of 6-monoacetylmorphine and/or
diacetylmorphine (also called heroin), the result was expressed like heroin. In Switzerland,
distribution of therapeutic heroin is only realised in the German part, therefore this practice doesn’t
exist in Lausanne [13]. For this reason it is supposed that when heroin was detected, it was not due

to an opiate substitution therapy.
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Since 2009, heroin seizures have decreased in Switzerland (200 kg in 2009, 151 kg in 2015), which
is consistent with opiates replacement [11,12].

Midazolam

Midazolam is the third most occurring substance. It was detected in 31 syringes (26% of the sample
population). Midazolam is an active compound found in medicine used for opiate addiction
treatment, such as Dormicum®, beside substances use for opioid substitution treatment, such as
methadone or buprenorphine. The Dormicum® is answered by 22 IDUs to be the last injected
substance (19%). One can observe that IDUs did not use injectable midazolam solution but that
they used a preparation based on Dormicum® pills for injection.

75% of the syringes in which midazolam was detected also contained heroin and 50% of the
syringes where heroin was detected contained midazolam. Statements provided by the IDUs
indicate that Dormicum® is sometimes used to increase the effect of heroin.

Previous studies have already shown that benzodiazepine was used to prolong the intensity and
duration of the effect of opioid [14]. In Europe, the prevalence of benzodiazepine misuse with
opioid substitution treatment was evaluated from 45% in France to 70% in Germany [15]. This
practice was also described on heroin users which injected benzodiazepine with or without heroin
[16-20]. In Australian’s studies [21], users inject preferably temazepam, while in the present study
only the use of midazolam was highlighted.

It’s important to underline that simultaneous use of opiate with benzodiazepines and other central

nervous system depressants, increase the risk of fatal overdose through respiratory depression [22].

Others

Only 2% of syringes contained methadone, a widely used opioid substitution treatment in
Lausanne. This suggests that methadone is not injected by the sampled population, which could
show the efficiency of prevention messages diffused by the public health sector [23].

No compounds were detected in 4 syringes (4%). It was assumed that these syringes had been

cleaned or rinsed out, a process mentioned by one of the IDUs participating in the study. These
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syringes could have contained other psychoactive substances which were not detected within the

other syringes collected..

Detection of several substances

The presence of several active substances detected in used syringes can be explained by various
factors, such as the reuse or the sharing of syringes, simultaneous consumption of several
compounds or contamination from materiel used before injection, or from the IDUs’ blood due to

a previous consumption of drugs. Indeed, 62% of the used syringes contained blood residues.
4.4 Cutting agents

Cocaine

All residual substances detected in the syringes are already known adulterants use to cut cocaine
specimen [7]. Their relative frequencies observed in our sample of syringes reflect their presence
in seized street samples of cocaine [6]. The caffeine frequencies in the present work could be
higher than what the police seized because of blood interference as already discussed.

The detection of three different adulterants was detected more frequently on syringe contained
only cocaine. Indeed 18 syringes containing only cocaine also contained three adulterants. The

most detected combination was phenacetin with caffeine and levamisole (8 syringes 19%) [7].

Heroin

For more than 20 years, the mixture paracetamol and caffeine is used as a main adulterating
mixture to cut heroin [7]. It is also these two substances that have been observed in the analysed
syringes. In contrast to cocaine, heroin adulterants are almost exclusively identified as paracetamol
and caffeine. Only 6 syringes contained other substances. The mixture paracetamol caffeine was
only detected in 80% (23) of the syringes according to the limit of our method. This observation

was already mentioned in precedent studies [6,7].
4.5 Data triangulation
Survey conducted in the Canton of Vaud

A precedent study was undertaken in 2012 in the Canton of Vaud. This study consists of a

questionnaire among users of LTFs [4]. On this latter, all users of LTFs were interviewed, IDU
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and drug users consuming by other ways (inhalation route, sniff ...). The users questioned said they
consumed primarily cocaine intravenously (37.5%), followed by heroin (30.2%). In the present
work, only IDUs were considered which explains the higher rate. These observations support the

hypothesis that no significant change in IDU consumption during the last three years occured

New Psychoactive Substances (NPS)

NPS are defined by the UNODC as “substances of abuse, either in a pure form or a preparation,
that are not controlled by the 1961 Single Convention on Narcotics Drugs or the 1971 Convention
on Psychotropic Substances, but which may pose a public health threat.”” The EMCDDAS early
warning system shows an important increase of this type of substances since 2010. NPS have
become a global phenomenon and all regions of the world have detected them [12]. A study of
residual content in used syringes from automatic injection kit dispensers in Paris detected a new
psychoactive substance (NPS) — 4-methylethcathinone — in 23% of the syringes between the
summer and winter of 2012 [5].

Within our study in Lausanne, no NPS were detected. This result is consistent with the low number
of police records in Lausanne. Two hypotheses can be made to explain this finding. The first is
that cocaine and heroin are readily available in Lausanne and that drug users do not need to turn
towards new psychoactive substances whose effects are not well known.

The second hypothesis is that the absence of NPS is due to our sampling approach. Our targeted
population was users of LTFs, people who may not be very likely to consume NPS [13]. Study
participants also reported not buying drugs on the Internet, this being the place where most NPS

are offered [20,24].

5. Conclusion

For the first time in Switzerland, an analysis of the residual contents of used syringes collected
from low threshold facilities was performed. This study is part of a wider project aiming at
understanding the illicit drug market and its evolution over time. Analyses of the content of used
syringes inform about the actual composition of consumed illicit drugs among IDUs and thus

provide opportunities to adapt harm reduction messages and interventions.
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This study has shown that cocaine was the most commonly detected drug in the sampled syringes
following by heroin. The third most consumed substance was midazolam, the active substance in
Dormicum®. Only 2% of the sampled syringes contained opioids used in substitution treatment
like methadone. No NPS were detected during this study.

The analysis of used syringes also allowed to identify adulterants. The samples in which cocaine
was detected mainly contained phenacetin, caffeine and levamisole, in the same proportions as
those observed among cocaine seizures analysed by the the School of Criminal Sciences (ESC)
Lausanne. For specimens containing heroin, the main adulterants detected were paracetamol and
caffeine. These observations are in agreement with current knowledge about cutting practices [7].
The analysis of the content in used syringes and surveys among IDUs provide a new insight into
the composition of drugs that are used intravenously. A systematic analysis of used syringes offers
a new tool to detect modification in patterns of drug consumption among a specific target
population as well as to detect new substances that are injected. Such systematic and timely results
could help to adapt harm reduction policies. An ongoing and more systematic approach could

allow detections of modifications in drug use patterns among a larger population.
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