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Introduction

People who inject drugs (PWID) are the main focus of this thesis. PWID constitute a
vulnerable group in society with increased morbidity and mortality, and poorer
socioeconomic conditions than the general population. Therefore, the health of
PWID is of great importance from a clinical perspective.

PWID do, however, not constitute a homogenous group. Injection drug use includes
several different substance syndromes and a wide range of socioeconomic
characteristics. It is beyond the aim of this thesis to survey living conditions of
PWID. However, a brief introduction of central concepts and research regarding
PWID is necessary to lay the ground for a later discussion on behavioral and
socioeconomic factors associated with bacterial infections and bacterial colonization.

The Introduction begins with a brief overview of the demographic characteristics of
PWID as a group; i.e. prevalence of injection drug use, age, sex, economy and
housing, as well as widely prevalent injection drugs. Thereafter follows a summary of
previous research regarding comorbidity and bacterial infections in PWID. Finally,
harm reduction research aiming to minimize infectious complications from injection
drug use is briefly described.

Basic concept definitions: Drugs, people who inject drugs
and harm reduction

Drugs will, in this thesis, be used to refer to illicit drugs, and legal drugs used in a
nonmedical way. Misuse (previously named nonmedical use) of prescription drugs is
defined by Substance Abuse and Mental Health Services Administration (SAMHSA)
as use without a doctor’s prescription, use in greater amounts, more often, longer, or
in any other way different from a doctor’s direction (1).

The term people who inject drugs (PWID) is defined as anyone who injects drugs
nonmedically, no matter the legal status of the drug. In most cases this translates as
illicit drug injection, but in some cases the injected drug can be legal, such as oral
opioids or internet drugs not yet illegalized (1). PWID are usually but not necessarily
substance dependent; also recreational injection drug use and injection of steroids and
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appearance-changing drugs are included in the concept. Intravenous as well as
intramuscular and subcutaneous injections are included. In the thesis, the term
PWID, used in paper II, III, IV and V, is preferred to injection drug users (IDU)
which was used in paper I. The latter term implies that someone who uses drugs is
above all a drug user (rather than a person with a range of characteristics, interests and
habits — of which drug use is one), and PWID is preferred due to it carrying less
stereotypical connotations then IDU. Even though PWID is a wide concept that
should be used with care, there are occasions when it is relevant to discuss PWID as a
certain group or community. When PWID are found to be at statistically increased
risk for health hazards, there are clinical implications to further investigate reasons
and possible preventive strategies targeting PWID as a group. However, to avoid
stigma and exotization, the wide heterogeneity within the epithet PWID should be
considered continuously.

Harm reduction is an umbrella term that includes interventions and strategies aiming
to improve the health and life quality of people who use drugs, but not necessarily
aiming towards drug use cessation. Powelson et al. describe harm reduction as a
“framework for public health intervention that focuses on a pragmatic and
compassionate approach to reduce harms from unhealthy behaviors”™ (2). Harm
reduction is controversial in Sweden and needle exchange programs (NEPs) are
basically the only current form of harm reduction intervention. In many countries,
harm reduction strategies are more developed (3-5), and besides NEPs there are
supervised injection facilities (SIFs), overdose prevention, low threshold medical and
social services. Opioid substitution treatment (OST) is an evidence based treatment of
opioid dependence (6,7) that is sometimes also defined as a part of the spectrum of
harm reduction interventions.

People who inject drugs

Four of the studies in the thesis concern Swedish people who use or inject drugs and,
while one (paper II) includes PWID in San Francisco Bay Area. To be able to
compare the results from these different settings, the living conditions and
characteristics of PWID in Sweden and the U.S. are briefly sketched. However, it is
beyond the scope of this thesis to assess drug use in the U.S. in any greater detail.
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Prevalence of injection drug use

Globally, the number of PWID in the year 2014 was estimated to 12 million by
United Nations Office on Drugs and Crime (UNODC) (8). The number of PWID
in the U.S. year 2002 was estimated to be 1.3-2.6 million, and approximately 1% of
U.S. residents aged 15—64 were estimated to inject drugs (9). According to UNODC,
there were 2 million PWID in North America in 2014 (8). Based on data from
2008-2011, European Monitoring Centre for Drugs and Drug Addiction
(EMCDDA) has estimated that 1.3/1,000 persons in Sweden, which equals 0.11—
0.25% of Swedes aged 15—64, inject drugs (10).

12 million PWID worldwide'; 1 of 5 is female?

6 million are HCV-positive' and 1.6 million are living with HIV?

. TIH - 1‘3 ) . N
1.3-2.6 million PWID in the U.S. Up to 26,000 PWID in Sweden®

Widely used drugs: Prescription opioids,
(black tar) heroin, powder/crack cocaine,
methamphetamine

More than 70% are HCV-positive*
16% are living with HIV3

Widely used drugs: Amphetamine,
heroin

60-90% are HCV-positive*
5% are living with HIV?3

Figure 1. Prevalence of injection drug use and national drug use patterns in Sweden and the U.S.

! United Nations Office on Drugs and Crime, World Drug Report 2016. * Des Jarlais DC et al., Are females who inject
drugs at higher risk for HIV infection than males who inject drugs: an international systematic review of high
seroprevalence areas (Drug Alcohol Depend. 2012;124:95-107). * Mathers BM et al., Global epidemiology of injecting
drug use and HIV among people who inject drugs: a systematic review (Lancet. 2008;372:1733-45). * Nelson PK et
al., Global epidemiology of hepatitis B and hepatitis C in people who inject drugs: results of systematic reviews
(Lancet. 2011;378(9791):571-83). ® Byqvist S, Patterns of drug use among drug misusers in Sweden. Gender
differences (Subst Use Misuse. 2006;41(13):1817-35). World map retrieved from Wiki Commons, public domain.
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There exists no systematic data collection on the number of PWID in Sweden.
According to an estimation from the Swedish Public Health Agency, at least 8,000
people in Sweden are thought to be PWID (11). “Heavy drug use” (“Tungt
narkotikamissbruk”) has been investigated in national surveillance reports in 1979,
1992 and 1998, based on estimated numbers reported by local informers (social
services, healthcare, prison and probation service etc.) (12). “Heavy drug use” was
equivalent to drug injection in the last 12 months or daily/almost daily use of illicit
drugs in the last 4 weeks. The estimated numbers were 15,000 in 1979, 19,000 in
1992, and 26,000 in 1998 (12). Approximately 90% of these had injected drugs in
the past 12 months. Another survey assessing illicit drug use in Sweden was
conducted in 2004, and the number of people with “problematic drug use”, based on
inpatient care records, was still estimated to 26,000 (13). In 2007, “problematic drug
use” was estimated to 29,500 persons, based on data from patient registers and the
criminal justice system (14). Injection of drugs was not specifically assessed in the
survey from 2007. According to the most current estimation of illicit drug use in
Sweden, based on a questionnaire and web survey concerning alcohol, narcotics,
doping and tobacco in 2013, 55,000 persons had used illicit drugs in the past 12
months (15).

Demographic characteristics of PWID

Male sex is overrepresented in most studies on drug use. Globally, only approximately
22% of PWID are estimated to be women (16). For people using heroin, cocaine and
amphetamines, male sex is three times as common as female sex, while female sex is
overrepresented for misuse of prescription drugs (8). In the nationwide Swedish
surveys from 1979, 1992 and 1998, approximately 23% of people with “heavy drug
use” were female, and the mean age was increasing from 27 years in 1979 to 37 years
in 1998 (12). 55-60% was residing in the three counties containing Stockholm,
Gothenburg and Malmé. At Malmé NEP, the percentage of female persons who
frequents the facility has been approximately 25% since the start in 1987 (17).

Economic status and housing among PWID has been assessed in several studies from
the U.S., and PWID display low education status, unemployment and poor economy
(18). A recent study from California showed self-reported food insecurity in 58% of
active PWID in San Francisco and Los Angeles, more prominent in homeless PWID,
compared to 14% in the average U.S. population (19). In the said study, 63%
reported being currently homeless, and 81% reported an income under USD
1,350/month. Food insecurity has been reported in previous studies on PWID from
Canada, where 65% of PWID reported being currently hungry due to lack of money
(20), and 55% of PWID reported not having enough to eat because of lack of money
(21). In these Canadian studies, 51% of 144 PWID reported that they had slept
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outdoors in the last 6 months (21), and unstable housing — but not use of any specific
drug — was significantly associated with self-reported hunger (20). Poor nutrition
status and nutritional deficits in PWID with HIV has been assessed previously (22).

Homelessness can be defined in several ways. It may be limited to strict lack of
housing i.e. living on the streets, in a tent or in a shelter, but also include persons
living indoors but not having one’s own house or apartment. Unstable housing,
defined as living in a single room occupancy hotel, transitional living arrangements,
or being homeless, was prevalent in more than 60% of 1,585 PWID in Vancouver
(23). Homelessness and food insecurity among Swedish PWID has been scarcely
assessed. Twenty-six percent of people with “heavy drug use” in Sweden 1998 had
unstable housing situation, and 60% were unemployed (24). In a dissertation
including studies from Malmé NEP in the early 2000s, nearly half of the PWID
participating in the study reported unstable housing in the past 12 months (25). In
contrast, among female PWID participating in Malmé NEP, eleven percent reported
being homeless or living in a shelter, while 54% had their own housing (26).

One of the studies in the thesis focuses PWID in the Swedish criminal justice system,
which motivates a brief overview of health and injection drug use among incarcerated
people. Data on the global percentage of PWID who are convicts is not available, but
the numbers are presumably high since almost one of five sentenced prisoners is
serving time for a drug offence (8). Previous studies show that a high percentage of
people in the criminal justice system use drugs. According to an international review
study, 10-48% of men and 30-60% of women in prison were dependent on illicit
drugs (27). Data from the Swedish criminal justice system showed that 22% of male
and 41% of female incarcerated people had been diagnosed with drug dependence
(28). In a review from 2011 of studies on prisoners’ health, Fazel and Baillargeon
conclude that more than 20% of inmates in many prisons report a history of injection
drug use (29). The authors also stress the remarkably high numbers of suicide and
psychiatric illness (psychosis 4%, major depression 10-12% and personality
syndrome 40-70%) and state that one in seven prisoners have a treatable mental
illness (29). Sharing of injection equipment and overrepresentation of bloodborne
infections (HIV, hepatitis B, hepatitis C) as well as tuberculosis are also stressed as
important challenges for prisoners’ health (29).

Common drugs administered through injection

More or less all drugs can be administered through injection. This includes many
drugs that are commonly administered in other ways, such as smoking, snorting,
inhaling, swallowing or rectal administration is more common. Injection causes a
faster and more intense high, and is therefore sometimes preferred to other ways of
administration. Most injectable drugs are preferably injected intravenously. Injections
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can be located intramuscularly or subcutaneously, by mistake or on purpose. The
drug use pattern among illicit drug users in Sweden has traditionally consisted of an,
in international comparison, large number of amphetamine users (10,12). In the
Swedish national survey from 1998 (24), 32% of persons with “heavy drug use”
reported that amphetamine was their main drug, and 28% reported opiates.

In a survey from Malmo NEP, self-reported main drug was amphetamine in 57% and
heroin in 42% of cases (30). In studies from Malmoé NEP, the numbers of people
using amphetamine was 67-75% and heroin 43-45% (25). In Sweden, amphetamine
is commonly injected intravenously (12,31), but can also be snorted, orally consumed
or inhaled/smoked. Amphetamine is a synthetic stimulant causing alertness, motoric
restlessness and hunger suppression. Other stimulants are less common in Sweden.
Methamphetamine is uncommon in Sweden but is of clinical importance and
undergoing substantial increase since the 1990s in the U.S. (32,33), and has been a
major health issue in Australia (34), Japan (35) and Thailand with spreading to other
countries in Asia Pacific (36). Methamphetamine can be administered orally, snorted,
smoked and inserted rectally, but is injected in approximately 20% of users according
to U.S. studies (33,37). Cocaine use is common in the U.S. (38,39) and some
European countries such as the U.K. and Spain (40) but relatively uncommon in
Sweden (10,40). Cocaine is the most commonly used stimulant drug in Europe (10).
In Sweden, cocaine is expensive and is mostly used occasionally for recreational
purposes, and administered through snorting. Globally, cocaine can be used in
powder form, or as crack cocaine which is cheaper and frequently used in the U.S.
population (39).

Heroin is an opioid with depressant effects, derived from the opium poppy plant, that
is widely used worldwide through injection or smoking/inhaling (8). Depending on
the production area, heroin can have different characteristics in terms of color,
physical state, purity and solubility. Heroin from “the Golden Triangle” in Southeast
Asia is stereotypically a white powder with high water solubility, while heroin from
Southwest Asia is usually a coarser powder with brown color. Black tar heroin is
produced in Mexico and is a solid, sticky form of heroin with low purity (41).
According to data based on drug seizures, brown heroin is most common in Sweden
(13), while black tar heroin is commonly used in Southern and Western U.S.
including the San Francisco Bay Area (42). In Sweden, people who use heroin are
significantly younger than those using amphetamine (31).

Nonmedical use and injection of prescription drugs is a problem on the rise. Injection
is described for opioid analgesics (43—45), methadone and buprenorphine (30,46,47),
and methylphenidate (48). Methadone can be injected in its liquid form, and all
opioid tablets can be crushed and injected. In the U.S., nonmedical use of
prescription opioids is considered an epidemic posing an important threat on public

health (8,49,50).
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Mortality and morbidity among PWID: Putting bacterial

infections in perspective

Infectious diseases are common hazards among PWID that should be understood as
part of a larger cluster of somatic comorbidity affected by strictly medical as well as
socioeconomic factors. Research on PWID’s physical health is sparse, and much of
previous studies concern bloodborne infections. Psychiatric comorbidity is also a vast
problem among PWID but is beyond the scope of this thesis, as is overdose morbidity
and mortality which is treated very briefly.

INCREASED MORTALITY'
from overdose, accidents, suicide

UNMET HEALTHCARE NEEDS?
in up to 90% in the U.S.

Almost all SMOKE TOBACCO?
30% in the U.S. have CHRONIC PAIN*

PSYCHIATRIC COMORBIDITY?

BLOODBORNE INFECTIONS®
14% worldwide have HIV
50% worldwide have hepatitis C

Figure 2. Overview of mortality and morbidity among PWID.

lllustration: Caroline Mannerfelt. * Degenhardt L et al., Mortality among regular or dependent users of heroin and other
opioids: a systematic review and meta-analysis of cohort studies (Addiction. 2011;106:32—51). 2 Chitwood DD et al.,
Satisfaction with access to health care among injection drug users, other drug users, and nonusers (J Behav Health
Serv Res. 2002;29:189-97). ® Federman AD, Arnsten JH, Primary care affiliations of adults in a methadone program
with onsite care (J Addict Dis. 2007;26:27-34). 4 Heimer R et al., Prevalence and experience of chronic pain in
suburban drug injectors (Drug Alcohol Depend. 2015;151:92—-100). ° Grant BF et al., Prevalence and Co-occurrence
of Substance Use Disorders and Independent Mood and Anxiety Disorders: Results From the National Epidemiologic
Survey on Alcohol and Related Conditions (Arch Gen Psychiatry. 2004;61(8):807—16). ¢ United Nations Office on
Drugs and Crime, World Drug Report 2016.
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Mortality: Overdose, violence and accidents

Unnatural causes of death such as unintentional poisoning (overdose), poisoning with
unclear intent, accidents, homicide and suicide, are dramatically overrepresented
among people who use and inject drugs. UNODC estimated that in year 2014,
207,400 deaths worldwide were drug-related (8). According to Ericsson et al., at least
84% of deaths among clients in the Swedish criminal justice system primarily using
amphetamine were violent or drug-related (51). These findings are in line with other
Swedish follow-up studies assessing causes of death among criminal justice clients
with substance use problems. In a longitudinal study, Chang et al. identified alcohol
and drug dependence as factors significantly increasing the risk of death among
previously incarcerated people in the Swedish criminal justice system (28). Overall
mortality in the study by Chang et al. was 6% after release from prison. Hakansson
and Berglund showed that unnatural causes of death were prevalent in 84% of
deceased criminal justice clients who used drugs (52). Overdose was the registered
cause of death in 27%, and other common causes of death were poisoning/injury
with undetermined intent (12%), traffic accidents (13%) and suicide (10%). Heroin
use was significantly predicting death in this population (52), and in a more recent
study on the same study sample (53) heroin use predicted both fatal accidental
intoxication and fatal intoxication/injury with undetermined intent. International
meta-analysis data note similar risk increase of unnatural death among people with
substance use disorders and people who use opioids (54).

Overdose is the single most common cause of death among people who use heroin
(55), and mortality is dramatically increased compared to the general population
(6,55,56). People who use opioids including heroin are estimated to have mortality
rates 15 times higher than the general population (57). Previous mortality data from
Sweden have identified heroin-related fatalities as predominant causes of death not
only among people using heroin but also among those mainly using amphetamine
and other drugs (58). In Sweden, the number of fatal opioid overdoses have been
increasing since the early 1990s, and mortality rates are currently among the highest
in Europe (10,59-61). While the European average number of drug related deaths
among individuals aged 15-64 is 17 per million individuals, the Swedish number is
70 per million (61,62). Interview studies from Malmé NEP have shown that 50-74%
of people who injected heroin had survived at least one overdose (63,64), and 96% of
people who used heroin had witnessed someone else having an overdose (63).
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Self-perceived health and unmet healthcare needs

Perceived need of healthcare among PWID has been assessed in a number of surveys
from the U.S. around year 2000. These studies were comparing healthcare satisfaction
in PWID, non-injecting drug users and non-drug users, and showed that almost 90%
of PWID in Miami reported a need for healthcare in the past year (65). Among
PWID, 76-87% reported unmet healthcare needs in the past year, and injection drug
use was significantly associated with higher odds for unmet healthcare needs (65,66).
In another U.S. study by Chitwood et al., 43% of 224 PWID in the study reported
self-perceived fair/poor health, while only 25% had received primary physical
examination in the past 12 months (67). Both people with injection and non-
injection drug use had significantly lower odds for having received primary preventive
healthcare than non-drug users.

In a recent interview study from San Francisco, women who were using
methamphetamine (approximately half of the sample were PWID) had unmet
healthcare needs concerning chronic diseases, sexual/gynecological health (92%
reported a need for women’s preventive healthcare and 46% had an unmet need for
care in the last year), and dermatological healthcare (35% reported need for
healthcare, and 66% of these had an unmet need for care in the last six months) (2).
In the same study, 69% reported a healthcare need for a chronic health condition,
and 31% had an unmet need for care in the last six months. Women who had a
healthcare provider or a case manager had lower odds for unmet healthcare needs for
a chronic health condition/women’s preventive healthcare, and dermatologic care,
respectively.

Problem areas concerning PWID’s health

Non-infectious conditions

Research on chronic medical conditions in PWID is sparse. Chronic diseases that are
common in the general Swedish population, such as diabetes mellitus, cardiovascular
diseases, musculoskeletal problems and asthma/Chronic Obstructive Pulmonary
Disease (COPD) have not been assessed specifically in PWID in Sweden. In a New
York based study from 2007, 76% of previous heroin users currently in OST reported
one or more chronic conditions (including asthma, COPD, hypertension and
diabetes), and 26% had three or more chronic conditions (68). In a review article
from 2007, Kaye et al. showed that people using amphetamines have increased risk of
cardiovascular pathology, which is suggested to be caused by the toxic effects from
stimulant drugs (69).

Previous research has shown that up to nine out of ten patients in OST smoke
tobacco (68,70) and it has been suggested that chronic diseases related to smoking
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and low socioeconomic status, such as diabetes mellitus, hypertension and
asthma/COPD, are likely to be overrepresented. Among Swedish convicts mainly
using amphetamine or heroin, 94-96% were daily smokers (52). An American
follow-up study of the physical health among aging people who use drugs showed
that more than half of the study participants had hypertension, and more than one
third suffered from pulmonary dysfunction (71).

There are a small number of studies on physical pain in PWID, suggesting that
chronic venous insufficiency, causing chronic leg pain, is common (72,73). In these
studies, foot trauma is also suggested to be a common reason for lower extremity pain.
One third of PWID in previous studies from the 2010s reported chronic pain
(74,75). Among HIV-positive patients, those who inject drugs have been shown to
report more pain than those who do not inject drugs (76,77). Other common causes
of pain among PWID are dental and oral problems, such as cavities. An interview
study with 340 street drug users in San Francisco showed that while 63% of
participants experienced need for oral healthcare in the past six months, only 27% of
them had actually sought care (78).

Dermatological problems other than bacterial infections have been described among
people who use and inject drugs, more specifically if using stimulants such as
methamphetamine (79). In addition, injection related injuries and complications may
cause dermatological conditions such as scarring, necrosis and ischemia. People living
under unstable housing conditions are often subject to diseases carried by lice and
scabies, skin infections, trauma, and eczemas (80-82). The feet are particularly
vulnerable (80,81), with diabetes neuropathy, trauma, poor hygiene, unfitting shoes
all being part of the explanation (81).

Psychiatric comorbidity

Psychiatric comorbidity constitutes a large problem among people with substance use
problems. Association between substance use disorders and psychiatric problems are
well described in the scientific literature, for mood and anxiety disorders (83),
schizophrenia (84), antisocial personality syndrome (85) and Attention Deficit and
Hyperactivity Disorder (ADHD) (86). Drug use patterns have also been associated
with specific psychiatric comorbidity such as depression and suicide among people
who use heroin (87) and psychotic symptoms and schizophrenia among people who
use stimulants (88-90) and people with polysubstance use (91). Apart from high
overdose mortality, an overrepresentation of suicidal behavior and suicide mortality is
described among people with substance use disorders in international (92) and
Swedish (51-53) studies. Among people with heroin dependence at Malmé NEP,
one out of three reported previous suicide attempt (93). Association between cannabis
use and psychosis/schizophrenia is well described in the scientific literature (94-96)
but is beyond the scope of this thesis.
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Bloodborne and sexually transmitted infections

Chronic or potentially chronic bloodborne viral infections are common among
PWID. According to global data from UNODC in 2016, 14% of all PWID
worldwide (which equals 1.6 million PWID) are living with HIV and as much as one
in two PWID (6 million) have hepatitis C (8).

While the estimated hepatitis C prevalence among PWID varies greatly between
geographic regions, the prevalence is estimated to be 40% or more in 61 of 77
countries with accessible data, and in 12 countries at least 80% of PWID are
estimated to be infected (97). The prevalence of hepatitis C-antibodies (anti-HCV) is
between 62-88% among PWID in Sweden, and 70-77% in the U.S. (97). In a
recent Swedish study, Jerkeman et al. showed that 88% of patients in opioid
substitution treatment were anti-HCV-positive, 69% were viremic, and two thirds of
the viremic patients had significant liver fibrosis (98). In a study assessing attitudes
towards hepatitis C among people with heroin dependence in Malmg, 80% reported
that they had hepatitis C, while only 23% have had any kind of healthcare contact
concerning their hepatitis (99). In an Australian study, 73% of PWID visiting a NEP
tested positive for hepatitis C virus (HCV) while only 36% were aware of their HCV
status prior to testing (100).

The high hepatitis C prevalence among PWID is of great clinical importance since
chronic HCV-infection is the most common cause of end-stage liver disease in North
America (101) and Europe (102). Up to 20% of patients with chronic HCV-
infection are estimated to develop cirrhosis over 20 years with 1-5% annual risk of
liver decompensation and/or hepatocellular carcinoma (103-105). Annual mortality
rate is up to 18% in cirrhotic patients with significant liver decompensation (106). In
an Australian cohort study from 2011, liver disease, mostly caused by HCV, was the
most common cause death among aging people with opioid dependence recruited
from OST facilities (107). Liver mortality was 17 times higher among people with
opioid dependence than in the general population (107). Similar data were provided
by Larney et al. (2013) where liver-related mortality was almost 10 times higher in
patients with opioid dependence, and 76% of those with fatal liver disease had HCV
(108). Hser et al. showed that 50% of aging people who used drugs had liver
dysfunction (71).

HIV-infection poses a great health threat to PWID worldwide. In a study from 2008,
approximately one of five PWID was estimated to be HIV-infected, which equals
10% of the 33 million people living with HIV (9). While HIV prevalence rates
among PWID varies greatly, average numbers are 12% in China, 16% in the U.S. (9—
22%), and 37% in Russia. Nine countries (Thailand, Vietnam, Kenya, Brazil, Nepal,
Indonesia, Burma, Estonia and Argentina) have HIV prevalence rates among PWID
that exceeds 40% (9). Coinfection of HIV and HCV is common among PWID, with
up to 45-90% prevalence (highest prevalence among Indian PWID) in some cohorts
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(109). Coinfection HIV/HCYV increases the risk of hepatocellular cancer due to HCV
and earlier progression to HCC (109). HIV prevalence among PWID in Sweden is
low in an international perspective, 5.4% (9), with numbers ranging from less than
1% at Malmo NEP (110) to 7% in Stockholm (111).

Sexually transmitted infections (STI) and unsafe sexual behaviors are common among
people who use and inject drugs. A review of 11 studies from the U.S. assessing
herpes simplex virus type 2 (HSV-2) in people who used drugs showed HSV-2 sero-
prevalence in 38-75% (112). Studies from Australia and the U.S. have shown current
rates of STI (mainly Chlamydia, but also Gonorrhea and Trichomonas) in 7-8% of
PWID (100,113). STI prevalence was higher in PWID who reported that crack
cocaine was their drug of choice, and the authors found an association between crack
cocaine use and involvement in sex trade (buying or selling) (113). Injection of drugs
in the past six months was significantly associated with N. gonorrhoeae and C.
trachomatis in a Canadian study from year 2001 (114).

As part of HIV risk-reduction, previous studies have investigated risk-taking sexual
behavior and unprotected sex in communities of PWID. In an interview study
assessing high-risk sexual practices among San Francisco based on men who had sex
with men and were injecting drugs, 70% of those who reported that they were HIV-
positive and practicing intercourse had unprotected sex (115). Inconsistent condom
use is described in other studies on PWID in the U.S. (116) and heroin users in Spain
(117). High-risk behaviors such as unprotected sex and syringe-sharing were
identified among PWID in an Australian study, where 65% had unprotected sex in
the past six months (100). Among young PWID in Baltimore, 68% had two or more
sex partners in the past three months, and fewer than half of these were consistently
using condom (118). In a national survey with 2,400 PWID from England, Wales
and Northern Ireland, unprotected sex in the last year was reported by two thirds
(59-66%) of both male and female sex workers and non-sex workers (119).
Involvement in sex work, i.e. trade of sex in exchange for money, drugs, other goods
or favors, is much more common among female PWID than among male PWID.
Numbers of female and male PWID, respectively, engaging in sex work are ranging
from 31% and 8% in England, Wales and Ireland (119) to 72% and 6% in Estonia
(120). STI prevalence among PWID in Sweden has not been systematically
investigated. Sex work in the past 14 days was reported by 22% of female PWID at
Malmé NEP (26).
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Bacterial infections affecting PWID

General aspects

Apart from SSTI, PWID are subject to a variety of bacterial infections (Table 1).
Tuberculosis among PWID living under poor socioeconomic conditions (121,122)
and incarcerated PWID (29) has been described in the scientific literature. In studies
from the U.S., clonal outbreaks of tuberculosis have been noted among people using
cannabis, crack cocaine, methamphetamine (123—125). Globally, prevalence rates of
active tuberculosis in PWID are widely varying from 0.5% in U.S. samples to 66% in
Portugal (121). Tuberculosis among PWID is associated with HIV and HCV co-
infection (126). Cluster outbreaks of infections from spore-forming bacteria such as
Clostridia causing botulism and tetanus, and Bacillus anthracis causing anthrax have
been described in PWID in the U.S. (127) and Europe (128,129), and the suggested
route of infection has been from contaminated heroin batches.

While central nervous system (CNS) infections are usually not considered a
consequence of injection drug use, they include abscesses and secondary foci from
septicemia that can be injection-related. In previous research, meningitis has been
associated with household crowding, low socioeconomic status, smoking, alcohol
dependence and sexual habits (130). Meningococcal meningitis has also been
described in clusters of people using methamphetamine and cocaine, and the
hypothesized route of infection has been bacterial transfer from close contact and
cramped living rather than injections themselves (130).

In this thesis, bacterial infections affecting PWID are selected because of their
presumed association with injection drug use. SSTI, septicemia, bone and joint
infections and cardiac infections can all be caused by bacterial transfer from the skin,
from the drug or from drug paraphernalia/drug adulterants, to the tissues or
bloodstream. Pulmonary infections including pneumonia and tuberculosis, urinary
tract infections and gastrointestinal infections are not considered to be injection-
related, and are subsequently not discussed further.
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Table 1. Overview of bacterial infections among people who inject drugs (PWID).

Type of infection Statistical association with Lifetime prevalence among
injection drug use PWID

Skin and soft tissue infection Unknown 6-69% (131)2

Septicemia Yes' (132) 2-10% (131)°

Infective endocarditis Yes (133) 0.5-12% (131)4

Bone and joint infection Unknown 0.5-2% (131)5

Necrotizing fasciitis Yes (134) 3.9% in the U.S. (135)

Central nervous system infection Unknown Unknown

Tuberculosis Unknown 0.5-66% (121)6

! Assessed for invasive pneumococcal infection (90%< bacteremia) in people with HIV.

2 Studies from Australia, Taiwan, the U.S., Iran, Scotland, Mexico and Ireland.

3 Studies from Australia, the U.K. and the U.S.

* Studies from Australia, the U.K., the U.S., Iran and Denmark.

® Studies from Australia and the U.S.

® Studies from Portugal, Hungary, Switzerland, Spain, India, Thailand, Malaysia, Iran, Taiwan, Brazil and the U.S.

Prevalence data on bacterial infections among PWID

Skin and soft tissue infections

Skin and soft tissue infections (SSTI) are infections in the dermis, epidermis or
subcutis. In this thesis, SSTT is defined as abscess and cellulitis, in contrast to surgical
wound infection, decubitus etc. Bacterial infections affecting skin and soft tissues are
common in PWID. In previous research, SSTT lifetime prevalence in PWID range
between 6% and 69% (131), with lower prevalence in Australia (136,137) and higher
prevalence in Mexico, Canada and the U.S. (135,138,139). SSTI is also the most
common cause of hospital admission and emergency department visits among PWID
(140-143). Prevalence of SSTT is not previously described among PWID in Sweden.

Systemic bacterial infections

Several systemic bacterial infections are overrepresented in PWID. In a recent review
study, Larney et al. reported lifetime prevalence of systemic infections among PWID
in 2-10% for sepsis, 0.5-12% for infective endocarditis, and 0.5-2% for bone and
joint infections (131). Increased risk of systemic infections among PWID has been
shown for endocarditis (133) and necrotizing fasciitis (134), but there is a notable
sparsity of large-scale studies comparing morbidity among PWID and non-PWID.
Larney et al. found only one study in which older age and injecting career was
associated with infective endocarditis (144), but no studies assessing predictors for
septicemia, bone/joint infections or other infections among PWID (131).
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In a Danish study, Harboe et al. identified injection drug use as significantly
associated with increased risk of invasive pneumococcal infection (bacteremia in more
than 90%) among individuals with HIV (132). The authors noted that risk of
invasive pneumococcal infection remained unchanged over time for PWID while it
decreased in the general sample. Infective endocarditis, defined as bacterial or fungal
infection in the endocardium, is described as a consequence of injection drug use in
clinical reports (145-153). In previous research, drug use has been related to 6-64%
of hospitalizations due to infective endocarditis (146,154-157). Spijkerman et al.
(1996) showed that endocarditis was independently associated with HIV-infection
and previous endocarditis (158). In the study by Spijkerman et al., female sex and
SSTT appeared to increase the odds for endocarditis, but it did not reach statistical
significance. According to Swedish register data, PWID have been noted to be at 60
times higher risk of infective endocarditis compared to non-PWID of the same age
(159). The incidence of endocarditis in Sweden is 6-8/100,000 persons per year and
increasing with age (159,160). Swedish incidence rates are within the range of
international endocarditis incidence, 3—10/100,000 persons per year (161). It is
notable that right-sided endocarditis, affecting the tricuspid valve, is more closely
associated with injection drug use (146,152,153). According to Swedish data, 76% of
patients with right-sided endocarditis are PWID (159). The suggested route of
infection is transfer of bacteria and debris from injection into the right side of the
heart from the blood-stream (146). The most common pathogen is Staphylococcus
aureus (S. aureus), followed by streptococci and enterococci (159,161,162).

Bone and joint infections in PWID have been assessed in clinical descriptions and
case reports (163—171). While only 4% of patients with hematogenous vertebral
osteomyelitis had a history of injection drug use in a U.S. study from 2010 (172), an
older (year 2000) study from the U.S. showed that 25% of patients with vertebral
osteomyelitis reported drug injection in the month prior to admission (173).
Necrotizing fasciitis among PWID is also assessed through case reports, where special
attention is given to skin popping and injection of black tar heroin as potential risk
factors (174-176). Lifetime prevalence of necrotizing fasciitis among PWID was
almost 4% in a U.S. study published in 2010 (135).

Faral bacterial infections

Fatal bacterial infections in PWID have been sparsely investigated. PWID have been
shown to have lower or comparable mortality rates than non-PWID from necrotizing
fasciitis (134), infective endocarditis (133) and streptococcal bacteremia (177). In a
North American study comparing clinical profile of PWID and non-PWID
presenting at an emergency department, PWID had higher rates of SSTI but no
significant differences in length of hospital stay or mortality (178). Pedersen et al.
conducted a study on outcome of S. aureus meningitis, a rare type of meningitis,
where PWID — counting for 12 cases of 96 — had significantly lower mortality than
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non-PWID in univariate analysis but not in multivariate analysis including age,
comorbidity and critical illness as covariates (179). Overall mortality from S. aureus
meningitis was 56%.

In general, S. aureus bacteremia has mortality rates around 20-30% in studies from
Denmark (180) and the U.K. (181), but was not assessed specifically in PWID in
these studies. Overall mortality after endocarditis was 7% in HIV-negative PWID in
studies from the 1990s (148,150), and 4% in PWID with right-sided S. awureus
endocarditis in a retrospective Spanish study covering 22 years (182). After surgical
intervention for infective endocarditis, injection drug use was associated with a 10-
fold hazard ratio increase of death or reoperation (183). Complications from and
mortality of left-sided endocarditis is higher than mortality of right-sided endocarditis
(mortality 38% and 17%, respectively) (182), which can explain the lower mortality
among PWID. A Swedish nationwide study showed low 30-day mortality rates
(6.5%) due to infective endocarditis among PWID — who were a young
subpopulation with a median age of 39 years and were more often diagnosed with
right-sided endocarditis — but the long-term standardized mortality ratio was high,
19.2 (160).

Mortality rate is high and sequelae due to necrotizing fasciitis are common. A recent
multi-center review study from the U.S. showed mortality rates 9-22% in the general
population (184). In a study from 1998, necrotizing soft tissue infections was studied
in 30 PWID, with a mortality rate of 20% (185). In a U.S. study from year 2001,
29% did not survive (10% of PWID and 21% of non-PWID), and 29% had >5% of
their total body surface debrided (134). The lower mortality rate in PWID was
interpreted as a result of the younger age and less comorbidities, such as diabetes
mellitus, among PWID.

Association between SSTI and systemic infections

Patients with bacterial SSTI often need medical assistance with drainage and/or
antibiotics. The infections can also lead to serious complications, sometimes needing
inpatient care. SSTI can lead to spreading of bacteria from the local infection site, to
the bloodstream and vital organs, and cause for example sepsis, endocarditis and
osteomyelitis (186-188).

Association between SSTT and invasive infections in PWID is scarcely investigated. In
a Norwegian study, 179 cases of SSTT in PWID led to complications in only a few
cases; two patients had deep venous thrombosis and one needed skin transplant (189).
In contrast, a Danish study conducted in the 1980s showed serious complications
(amputation, thrombosis, pneumonia, septicemia, compartment syndrome) of acute
injection site soft tissue infections needing hospitalization in 17 of 89 cases, including
4 lower-extremity amputations due to arterial lesions (190).
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SSTI was the most commonly identified focus of community-acquired S. awureus
bacteremia in a Danish longitudinal study (180), while 60% of cases did not have an
identified infection focus. Methicillin-resistant S. aureus (MRSA) bacteremia was
significantly associated with SSTT in a British epidemiological study (191). In this
study, an increase in the proportion of episodes of MRSA bacteremia associated with
SSTI was noted. In an American study assessing hematogenous vertebral
osteomyelitis, SSTT in the past 30 days was a predisposing factor (172).

SSTI correlates and suggested etiology

To develop an SSTI, two basic things are necessary (192):
1) Pathogenic microbes and
2) Lesions in the skin barrier.

Most research on predictors for SSTI among PWID focus the latter category, and
stress the importance of demographic and behavioral characteristics increasing the risk
of SSTI. Several variables have been associated with SSTI, and in review articles the
authors stress female sex, skin-popping, frequent injections and the use of certain
substances such as speedball and black tar heroin as risk factors of SSTI
(131,193,194). Five different categories of predictors are presented in Table 2 below.

Since risk factors associated with SSTI among PWID include demographic, medical,
hygiene, drug associated and injection associated factors, the etiology for SSTT is most
likely multifactorial, and can be viewed from several perspectives. Here, suggested
SSTI etiology is presented from one macro-level contextual perspective focusing
demographic and lifestyle related correlates of SSTI; one local injection related
perspective focusing behavioral factors that are likely to facilitate bacterial transfer and
bacterial growth; and one micro-level microbiological perspective, with specific
pathogens and their prevalence in focus.
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Table 2. Overview of factors associated with skin and soft tissue infections among people who inject drugs.
Independent associations in multivariate analysis, if not stated otherwise.

CONTEXTUAL FACTORS

Demographic

Medical

INJECTION RELATED FACTORS

Drug related

Hygiene related

Injection related

! Bivariate association only.

Factors associated with skin and soft tissue infections (SSTI)

Female sex (23,138,158,195-198)
Homelessness/cramped housing (23,136,197-199)
Sex trade (23,138,158)

Older age; Age 24< (136,196)

HIV-status (23,158)
Hepatitis C-status (196,199)
Recent overdose (199,200)

Use of speedball (heroin + cocaine) (140,158)

Methamphetamine smoking (138)

Frequent cocaine use (23); crack cocaine injection (196); daily cocaine
injection (197)

Heroin use® (195)

Non-powder injection (136)

Injection of both opioids and stimulants (198)

Contaminated/reused needles (140,196,198,199)

Injection site cleaning frequency (135,139,140,195,196,200)
Hand washing frequency before injecting2 (136)

Injection in the groin® (196); injection in the neck® (196,198)
Multiple site injection (200)

Duration of injecting (195,198,199)

Being injected by someone else (138,197)

Injection frequency (136,158,196,198,200); injection frequency of
heroin® (135,195)

Subcutaneous/intramuscular injection (135,139,140,195)
Syringe sharing (197,199)

2 Association with injection-related injuries and diseases including but not limited to SSTI.

A contextual perspective on SSTI — Demographic and lifestyle factors

Biological sex has been consistently shown to be a strong predictor, with female
PWID being at higher risk for SSTI than males (23,138,158,195-198,201). One
hypothesized mechanism is that females characteristically have smaller veins and
therefore may be more likely to inject extravascularly (202). Gender dynamics within
networks of PWID has also been discussed as a possible, however much more
complex, reason of this association (197). In qualitative research, female PWID have
been previously described to have less control over drug acquisition, preparation and
administration — including equipment sharing and assisted injections — than male

PWID (203). Other demographic factors that have been found to be associated with

32



SSTT include unstable housing or homelessness (23,136,197,198). Descriptive studies
show that skin infections are common among homeless people living in shelters (82).

Susceptibility to SSTT is also assessed in studies showing association between HIV-
infection and SSTT (23,158). Studies regarding HIV and SSTT have, however, yielded
diverging findings and other studies did not find an association (140).

An injection related perspective on SSTI — Behavioral factors

Several injection practices have been linked to SSTI. For example, injecting in the
femoral vein has been shown to be associated with higher risk for SSTT (196),
presumably due to the heavy bacterial load in the groin and genital area (204). Some
data suggest that licking the needle before injection increases the risk of infections due
to transfer of pharyngeal or oral bacteria to the tissues or bloodstream (202). This
route of infection is described for osteomyelitis (170). In a study by Binswanger et al.,
licking the needle before injection was associated with higher prevalence of SSTI, but
the finding did not reach statistical significance (139). Extravasal injection, both
intramuscular and subcutaneous (“skin-popping”), can cause tissue irritation and
scarring and has been associated with SSTT in several studies (135,139,140,195,201).
High injection frequency is a known risk factor for SSTI in PWID
(135,136,158,196,198,200).

The physical properties of the drugs themselves may cause tissue damage and promote
SSTL. In addition to SSTI, injection of non-powder drugs has been described to cause
ischemia and vein damage (46,136,205-209). SSTI have been described after
injection of specific substances, such as buprenorphine tablets (210,211) and
speedball (mix of heroin and cocaine) (140,158). Even within a given type of illicit
drug, there may be differences in SSTT risk depending upon the formulation of the
drug. For example, Black tar heroin may be more strongly associated with SSTT than
white powder heroin, possibly due to venous inflammation and scarring, which may
lead to more frequent intramuscular or subcutaneous injections (212). Rapid vein loss
due to drug adulterant acidity has been suggested to be a factor involved in PWID’s
high prevalence of SSTT (213). Direct and indirect immuno-modulating effects from
several drugs (cannabis, opioids including heroin, stimulants such as cocaine and
amphetamines) have been suggested to affect PWID’s susceptibility to bacterial, viral
and fungal infections (194).

Lack of hygiene involving the dermis and the needles appear to be risk factors of
SSTI. Infrequent skin cleaning prior to injection (135,139,140,195,196,200) and
sharing equipment (197,199) or using contaminated needles (140,196-199) have
been identified as factors associated with SSTT.

33



A microbiological perspective on SSTI — Common pathogens and routes of infection

Most studies conducted among PWID are focusing behavioral and demographic risk
factors, and few microbiological studies exist (214,215). Important routes of infection
are listed in Figure 3 below.

COMMENSAL ORAL FLORA

DRUG PARAPHERNALIA

DRUG OR DRUG ADULTERANT

COMMENSAL SKIN FLORA

Figure 3. Overview of routes of bacterial infection among people who inject drugs.

lllustration: Caroline Mannerfelt. Information retrieved from Kaushik KS et al., Shooting up: The interface of microbial
infections and drug abuse (J Med Microbiol. 2011;60:408—22) and Swisher LA et al., Needle licker's osteomyelitis (Am
J Emerg Med. 1994;12:343-6).

The most common pathogen causing SSTT is S. aureus (192), a potentially pathogen
bacterium that can colonize or infect skin and mucosa. Other pathogens, such as
Clostridia and other spore-forming bacteria have also been identified as SSTI
pathogens (192-194). S. aureus is normally not colonizing intact skin. PWID are
often affected by superficial and invasive infections with S. aureus, which result in
increased length and cost of hospitalization (202). Microbiological studies have
shown that PWID are more frequently colonized with S. aureus than the average
population (35% of recent injectors compared to 11% in healthy controls, p<0.05)
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(216), with nasal colonization in 28-45% (217-219) and overall colonization in 39%
(220). Already in the 1930s, association between S. awureus nasal colonization and
increased risk for infection was reported (221). This finding has been supported by
several more recent studies (221-224). S. aureus infections have been suggested to
originate from endogenous nasal bacteria that spread to the skin, which in turn cause
infection when the integrity of the skin is compromised (223). In a study by von Eiff
et al., approximately 80% of S. aureus bacteremia was caused by a pathogen identical
to the S. aureus stem colonizing the subject’s nose (224).

Another concern regarding S. aureus is antibiotic resistance, as in the case of
methicillin-resistant S. aureus (MRSA). With the increasing spread of antibiotic
resistance in general, hospital- and community acquired MRSA has become a major
clinical issue globally (215). Sweden is a low prevalence country, with MRSA
prevalence in approximately 1% of blood cultures positive for S. aureus (225).
Injection drug use is associated with MRSA colonization and infection in studies
from the U.S., the U.K. and Egypt (226-229). Outbreaks of community-acquired
MRSA have been reported in populations of PWID in the U.S. (228) and
Switzerland (230). Illicit drug use administered through other routes than injection
(smoking, inhaling, snorting, etc.) has been associated with MRSA colonization

(226), MRSA bacteremia (231) and MRSA SSTT (232,233).
Single clones or strains of MRSA and S. awureus have been identified in PWID

communities, implicating spreading through close social contacts. In two Swiss
studies from the early 2000s, one single clone of MRSA resulted in an epidemic
spread in the PWID community (230,234). The same MRSA clone remained in the
PWID community at almost identical prevalence in a follow-up study two years later
(235), indicating that close contact between PWID might be part of the explanation
for increased MRSA risk. Other studies have supported that similar strains or clones
of both MRSA (236) and methicillin susceptible S. aureus (218,237) tend to colonize
people who use drugs (PWID and non-injectors) within the same community.

Apart from S. aureus, pathogens which are supposedly associated with injection drug
use due to cluster outbreaks among PWID are spore forming bacteria such as
Clostridia and Bacillus species (127-129) and Pseudomonas aeruginosa (194) that may
contaminate the drug, the solution water, or the drug adulterant. Bacterial infections
after needle licking have also been described, where notified pathogens have been
bacteria from the oral flora such as Streptococcus milleri (194) and Eikenella corrodens
(170). Other microorganisms such as fungi and parasites are also identified as
important pathogens among PWID in the literature (194), but are beyond the scope
of this thesis.
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In conclusion, SSTI among PWID is a multifactorial problem requiring both
microbiological and behavioral approach. SSTI might be prevented through better
knowledge of prevalence and risk factors that can provide evidence based preventive
interventions. Thus, clinical as well as epidemiological studies on prevalence and risk
factors of SSTT among PWID have significant clinical implications.

Infection prevention research among PWID

Specific research on bacterial infection prevention among PWID is not thoroughly
investigated. A few small pilot studies have evaluated injection technique and hygiene
education (238,239), and the results were promising in terms of safe injection
behaviors as well as the rate of bacterial infections. Decolonization studies to prevent
SSTI have been conducted in cohorts consisting of American recruits. Some studies
did not find any SSTT preventive effect from skin decolonization with chlorhexidine
(240,241), while others have shown association between chlorhexidine body wash and
reduced nasal MRSA colonization (242). In dermatological clinical praxis,
chlorhexidine body wash is used for treatment of furunculosis (243). Studies
evaluating the effects of skin decolonization in PWID are lacking.

Sharing of syringes with high dead-space may increase the risk of bloodborne viral
infections since they retain over 1000 times more blood after rinsing than low dead-
space syringes (244-246). The importance of syringe dead-space for bacterial
infections is, however, not investigated. Filters have been experimentally shown to
remove large particles and bacteria when injecting crushed tablets (247-249), but
their use has not been evaluated as an infection prevention method among PWID.

In a broader sense, other harm reduction facilities may prevent infections in PWID.
Previous research has shown review-level evidence for NEPs effect on risk for viral
infections (250). NEPs have been proposed as a platform for bacterial infection
prevention as well, but this has never been thoroughly evaluated. NEPs are used as
harm reduction in both Sweden (Malmd) and the U.S. (San Francisco). Supervised
injection facilities (SIFs) are present in Canada, Australia and several European
countries including Norway and Denmark (251,252), but not in Sweden. SIFs as a
means of reducing SSTI through sufficient time for injection and access to cleaning
equipment has been discussed, while the most stressed benefit from SIFs are decreased
overdose rates (253,254). To some extent opioid substitution treatment (OST) can be
considered as harm reduction, as it aims at making PWID decrease or abandon
injection as a route of drug administration. According to previous studies, OST has
had an effect on decreasing the risk of HIV and hepatitis C (250), but potential
effects on bacterial infections do not seem to have been investigated.
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Aims of the thesis

General aim

The main aim of this thesis was to investigate to what extent PWID are subject to
bacterial infections, especially SSTI, and identify groups and behaviors associated
with increased risk of infection. Four of the five studies were conducted in Sweden,
while paper I was conducted in the U.S. (San Francisco Bay Area, California), which
allowed analyses of SSTT and its correlates in settings with different drug use patterns,
healthcare systems and harm reduction practices.

Study specific aims

(I) To study self-reported SSTI prevalence among PWID at Malmé NEP. A second
aim was to identify factors associated with self-reported SSTI.

(II) To study self-reported prevalence of SSTI, and correlates of SSTI, among
community PWID in San Francisco Bay Area. The focus in this study was behavioral
correlates in terms of injection habits.

(III) To investigate the incidence rates of diagnosed SSTI, systemic bacterial
infections, and fatal bacterial infections, among PWID in the Swedish criminal justice
system. A second aim was to survey demographic and drug use related factors
associated with SSTT and systemic bacterial infection.

(IV) To investigate the number of reported MRSA cases among Swedish subjects with
opioid and amphetamine dependence compared with a control group of subjects with
alcohol dependence.

(V) To investigate the prevalence of methicillin-sensitive and -resistant S. aureus
among PWID at Malmé NEP, and compare it to that of non-injectors with substance
syndrome. A second aim was to examine the quantitative level and body distribution
of S. aureus colonization among PWID.
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Material and methods

The methods in this thesis include bacterial sampling and laboratory methods,
questionnaire-based interviews, and analysis of register data. An overview of the
methods is shown in Table 3. A more detailed discussion regarding methodological
limitations and strengths follows in the Discussion section.

Study design

Paper I, II and V were clinical studies, and paper III and IV were epidemiological.
Paper I and II were questionnaire-based interview studies. Paper III was a prospective
register follow-up cohort study. Paper IV was a retrospective register study with
longitudinal design. Paper V was a cross-sectional clinical study that used
microbiological methods (culture and PCR), and also included a short questionnaire.
All studies were observational.

39



Table 3. Methodological overview of paper I-V.

SSTI, skin and soft tissue infection; S. aureus; Staphylococcus aureus; MRSA, methicillin-resistant Staphylococcus
aureus; NA, not applicable; GEE, generalized estimating equations.

Characteristic Paper | Paper Il Paper Ill Paper IV Paper V

STUDY DESIGN

Type of study Cross- Cross- Longitudinal Longitudinal Cross-
sectional sectional prospective, retro- sectional

cohort spective

Follow-up time NA NA Upto 14 17 years NA
years

Control subjects No No Yes Yes Yes

DATA

COLLECTION

Data type Interview Interview Register Register Sampling

Outcome Lifetime Past month SSTI; MRSA S. aureus

variable(s) SSTI SSTI systemic detection
infection

Covariate Bivariate Bivariate Model Pre- Bivariate

selection analysis analysis selection identified analysis

Validated data No No Yes Yes NA

collection®

Reliability tested No No Yes No No

data collection?

STATISTICS

Multivariate Logistic Logistic Cox GEE Logistic
analysis regression regression regression regression
Covariates No Yes Yes Yes No

tested for

multicollinearity

! validity, i.e. whether correct data is measured with the instrument used, was evaluated for the National Inpatient
Register (255) and the Causes of Death Register (256) used in paper Il and IV.

2 Reliability, i.e. whether the measurements are reliable and reproducible, was evaluated for the Addiction Severity
Index questionnaire (257) used in paper IIl.
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Settings

Paper I and V were clinical studies, conducted at Malmé NEP. Paper II was a clinical
study as well, conducted in three field sites in San Francisco Bay Area. Paper III and
IV were based on register data from The Swedish Prison and Probation Service
(Kriminalvirden) and The Swedish National Board of Health and Welfare
(Socialstyrelsen).

Malmé needle exchange program

Malmé NEP opened in 1987. It is located in the Malmé metropolitan area, which is
the third largest city in Sweden with an estimated population of 350,000 inhabitants.
A total of 1,130 PWID are estimated to live in Skdne county where Malmg is located
(11), and approximately 600 of them are active NEP visitors each year (17). The
median age among participants is 44 years, female percentage 25% (17) and
amphetamine is the most common drug used (25,30). Prerequisites for NEP
enrollment are self-reported injection drug use, age 20 years or older, signs of recent
venipuncture, and consent to HIV testing (110).

Malmo NEP is a part of the Department of Infectious Diseases at Skine University
Hospital in Malmé. The NEP offers sterile injection equipment in exchange for used
equipment, certain healthcare services, and surveillance and treatment of viral
infections.

The Swedish National Patient Register

The Swedish National Patient Register (NPR) for inpatient and outpatient care
includes physicians’ registration of patients’ diagnoses according to International
Classification of Diseases (ICD; ICD-10 since 1994). The national inpatient register
is of high quality and main diagnosis is registered in 99% of inpatient episodes (258).
In a previous validation study, 85-95% of inpatient register diagnoses were valid
(255). The outpatient register include data on both outpatient appointments and
emergency visits, but no data from primary healthcare.
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The Swedish Causes of Death Register

From 1961 to 2011, the Causes of Death Register (CDR) includes data on all
deceased individuals who were registered in the Swedish Population Register at the
time of death, regardless of the individual’s location at the time of death. The register
is updated annually. From year 2012 the register includes all individuals who died in
Sweden, including persons not registered in the Swedish Population Register in
Sweden by the time of death. Causes of death are registered according to ICD. Cause
of death is reported by physicians’ registration in a death certificate. In some cases, a
death certificate is missing, and no cause of death is registered. In the year 2008, less
than 1% of all fatalities lacked a death certificate, while 2.7% had a death certificate
in which the reported cause of death was insufficiently specified. However, since
1991, all deceased individuals — with or without a death certificate — are included the
CDR through the Swedish Population Register data on mortality (259).

The reliability of registered causes of death was validated in year 2009 (256). Causes
of death in the CDR from the year 1995 (compared with diagnoses from the NPR for
inpatient care) were correct in 77%. Cause of death is more reliable in younger
individuals with fewer chronic conditions, and in fatalities due to accidents and rapid

disease progress (259).

Addiction Severity Index interview database

Addiction Severity Index (ASI) is a well-documented interview instrument for
surveying the level of assistance needed by persons with substance misuse or
dependence in clinical settings and in the criminal justice system (260). The Swedish
version of ASI has become a standard instrument in Swedish addiction care as well
(261), and has been shown to have high reliability in a test-retest study (262). Since
year 2001, ASI interviews are routinely conducted by The Swedish Prison and
Probation Service as a screening of criminal justice clients’ substance use problems.
The responses are documented in a database. The ASI database used in paper III
consists of results from interviews with 7,085 convicted clients from the Swedish
Prison and Probation Service, conducted between 2001 and 2006 according to the
modified ASI-X questionnaire (263). This ASI data have been used in several previous
Swedish studies after being blinded and delivered to the research group (52,263,264).
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Subjects

The study sample in paper [ consisted of 80 PWID at Malmé NEP. The recruitment
was conducted by the thesis author, and assisted by the staff at the NEP. Inclusion
criteria were current or previous injection drug use, and participation in Malmo NEP.
Patients were excluded from the study if they were unable to provide informed
consent or perform the interview due to Swedish language difficulties, psychiatric
disability, or intoxication. All visitors to the NEP, who were not obviously intoxicated
or in a rush, were approached by the interviewer (Dahlman) or the nurses at the NEP
during March and April 2013. Each respondent received a gift card worth a sum
equivalent to US$10.

In paper II, the study sample consisted of 201 community-based PWID. This sample
was part of a larger cohort study of people who use drugs in San Francisco Bay Area.
The data were collected from November 2011 through April 2014. Participants were
recruited from community settings using targeted sampling methods (265,266).
Three community field sites located in neighborhoods in close proximity to large
populations of PWID were utilized to conduct the interviews. Inclusion criteria were
injection drug use in the past 30 days, age 18 years or older, and being able to provide
informed consent. At baseline, injection drug use was confirmed by a research
associate through a brief physical exam to identify signs of recent injection. Study
participants received US$20 for completing the baseline interview, and US$30 for
completing the follow-up interview which included the questions included in paper
I1. Included in the analyses were subjects from the follow-up interview who reported
injection of drugs in the past 30 days.

Baseline data to paper III was retrieved from the ASI interview database 2001-2006
(Figure 3). Subjects from the ASI database were included in the study if they either
had reported regular injection drug use #nd main drug heroin, amphetamine or
polysubstance use (i.e. more than two drugs in the same day, of which at least one
illicit substance); or if they had denied regular injection drug use a7d reported alcohol
as their main drug. The ASI material consists of interviews with 7,085 individuals. Of
these, 50 were excluded due to uncertain or unreliable replies to the ASI interview,
resulting in a total sample of 7,035 individuals. Previous studies based on the ASI
material have shown that approximately 6% of criminal justice clients refused the
interview (263). Mean duration from intake to the criminal justice facility where the
interview took place to the interview is 60 days (median 27 days; 98% were
interviewed within a year). The number of criminal justice clients who reported
lifetime history of injection drug use (minimum 6 months consecutive drug use) and
defined their main drug was heroin, amphetamine and polydrug use, respectively, was
378 (heroin), 1,265 (amphetamine) and 812 (polysubstance use). Seven hundred and
thirty-five persons reported alcohol as main drug, not in combination with injection
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drug use. Three clients were excluded from the analyses in paper III because they had
been interviewed according to the adolescent instrument ADAD (267). An opt-out
procedure was used in the study, through a presentation of the planned study in a free
daily magazine in Stockholm, Gothenburg and Malmé. However, no subjects opted
out of the study.

Total ASI sample Study sample
N=7,085 " nedequate repce N=3,179

n=1 excluded due to

6 months< of injection drug use ADAD interview 6 months< of injection drug use
instrument
Main drug heroin Main drug heroin
n=378 n=377
Main drug amphetamine _ Main drug amphetamine
n=1,260 n=1,260
Polysubstance use | Polysubstance use
n=809 n=807

n=2 excluded due to
ADAD interview

instrument
No or <6 months injection drug use No or <6 months injection drug use
Main drug alcohol Main drug alcohol
n=735 n=735

Figure 4. Flow chart showing selection of study subjects to paper IIl.

ASI, Addiction Severity Index; ADAD, Adolescent Drug Abuse Diagnosis.

In paper 1V, the study population consisted of patients in the Swedish NPR for
inpatient (years 1997, 1999, 2004, 2009, 2013) and outpatient (2004, 2009, 2013)
care during the period 1997-2013. The outpatient register was first available in 2004.
All patients who were registered in either register with ICD-10 diagnoses opioid
dependence (ICD-code F11.2) or amphetamine dependence (ICD-code F15.2)
during any of the years were included in the study. All patients with ICD-10
diagnosis alcohol dependence (ICD-code F10.2) during any of the years were also
included to serve as a comparison group. In the comparison group, exclusion criteria
were any diagnoses related to opioid use (ICD-code F11) or amphetamine use (ICD-
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code F15). A total of 73,201 individuals were included in the study. The data was
separated for each whole year (hospital admittance/outpatient visit from Jan 1st—Dec
31st) studied, so that each year was considered a measurement point. The number of
individuals included at one time point was 55,458, at two time points was 13,055, at
three time points 3,515, at four time points 949, and at all five time points 224. The
total number of observations was 97,029.

Recruitment of study participants to paper V took place at Malmo NEP and at an
emergency ward at Malmo Addiction Center in April 2014-June 2015. No
compensation was given to the participants in this study, and recruitment was
interrupted at N=49 at Malmé NEP (N=60 controls). Staff at Malmé NEP and
Malmé Addiction Center conducted random invitation without specific inclusion
criteria. Control subjects were excluded if they reported drug injection in the past six
months. General exclusion criteria were severe psychiatric illness or influence from
drugs, preventing the individual from providing informed consent.
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Study procedures

Interview studies: Paper I and II

The questionnaire-based interviews in paper I took place at Malmé NEP. The
interviews were semi-strictly structured and led by the thesis author (Dahlman). The
questions, most of which had yes/no options, were read out literally from a
standardized questionnaire, but were explained or clarified to the respondent if
needed. The questionnaire was based on a survey used at Research Triangle Institute
(RTI) International for assessing abscess prevalence among people who use drugs,
“Urban Health Study Abscess Supplemental Questionnaire”. The main outcome
variable was self-reported experience of SSTI. SSTI symptoms were defined as a
combination of redness, swelling and pain and/or pus. The interviewee was asked
(translated from Swedish) “Have you [ever/past 12 months/past 30 days] had an
abscess or symptoms of skin- and soft tissue infection (redness, swelling, pain, pus)?”,
and was explicitly asked to distinguish between signs of infection, and irritation
caused by extravasal injection.

The structured, questionnaire-based interviews in paper II were conducted by
professional interviewers. All measures were self-reported and there was no clinical
confirmation of drug use or SSTI status. The primary outcome of SSTI status was
assessed with a single question: “When did you last have an abscess or symptoms for
skin and soft tissue infection (redness, swelling, pain, pus)?” The response options
were: “Never had an abscess”, “More than a year ago”, “In past year, but more than
30 days ago”, and “In past 30 days”. The candidate covariates were selected based on
previous research and divided into two categories: (a) hygiene (needle-licking, skin
cleaning, syringe reuse and sharing, etc.) and (b) injection practices (type of drug,
injection area, injection method, etc.).

Register studies: Paper III and IV

Follow-up data to paper III were retrieved from national Swedish registers from the
period 2001-2014, and coupled with baseline data from the ASI register. Outcome
variables in paper Il were SST7 during follow-up; systemic infection during follow-up;
and fatal infection. Data regarding all subjects included at baseline were retrieved from
the Swedish NPR for inpatient and outpatient care. Outcome variables were
registered ICD-10 diagnoses of infections in skin or soft tissue (ICD-codes LO0-L03,
L08, A46), cardiac infections (ICD-codes 130.1, 132.0, 133, 138, 139), infections in
joints, skeleton or muscles (ICD-codes M00, M46.2, M46.3, M46.5, M60.0, M65.0,
M65.1, M86, A48.0), intracranial and intracolumnar infections (ICD-codes G00.3,
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G04.2, G06, GO7), and septicemia (ICD-codes A40, A41.0-A41.2). Due to small
numbers, all systemic infections were collapsed into one variable. Data concerning
mortality and causes of death were retrieved on all individuals included at baseline,
who were registered in the Swedish CDR 2001-2014. Fatal bacterial infection was
defined as any of the ICD-10 diagnoses above that was registered as cause of death.
Covariates included in the analyses as potential predictors were incarceration
(including prison and custody), main drug, sex and homelessness, retrieved from ASI
baseline data. Four potential predictors were identified and included in the model
selection analysis: Injection drug use past 30 days, hepatitis C, previous overdose, and
being resident in a city with a population of more than 100,000 inhabitants.

The outcome variable in paper IV was registered MRSA-diagnosis (based on analyses
from local laboratories), and the covariates included were sex, age, and substance
dependence diagnosis. Patients with ICD-10 diagnosis opioid dependence (ICD-code
F11.2), amphetamine dependence (ICD-code F15.2) or alcohol dependence (ICD-
code F10.2) in in- and/or outpatient care once or more during each full year assessed
(1997, 1999, 2004, 2009, and 2013) were included in the analyses. The first set of
analyses was strictly descriptive, and conducted for each year separately. Patients were
divided by substance dependence diagnosis so that opioid and amphetamine
dependence were mutually exclusive and patients with both these diagnoses were
excluded. Patients were defined as alcohol dependent only if they did not have a
registered diagnosis of neither opioid dependence nor amphetamine dependence
during the full year assessed. For all included subjects, data was received data on
demographic variables and registered ICD-10 diagnoses: age, sex, county where the
patient was diagnosed, and MRSA diagnosis (ICD-codes Z22.3C, B95.6, U82.1).
Both MRSA infections and known asymptomatic MRSA carriage are noted in the
registers. The age registered at the first inpatient episode or outpatient visit for each
year was systematically used.

Microbiological study: Paper V

Paper V was based on microbiological methods. Samples were collected using Copan
E-swabs (480CE; Copan Italia, Brescia, Italy). Separate swabs were used for the
different body sites anterior nares, throat, perineum and from skin lesions. Samples
from nares, throat and skin lesions were collected by the patients themselves or by the
personnel (nurse/assistant nurse) at Malmdé NEP and Malmo Addiction Center.
Patients who handled the swab themselves were strictly supervised by personnel.
Perineal samples were collected by the patients in both groups after thorough
instructions.

One-hundred pl of each sample was added to a BBL CHROMagar Staph aureus plate
(CHROMagar, Paris, France) and to a Brilliance MRSA 2 agar plate (PO5196A;
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Oxoid, Basingstoke, United Kingdom), respectively. The inoculum was spread on the
plates with sterile glass beads and incubated at 35 °C for 48 hours. Colonies with
typical color appearance were confirmed by a positive agglutination test (Pastorex
Staph Plus [Bio-Rad, Hercules, CA, USA]). Typical color appearance was pink for S.
aureys growing on BBL CHROMagar Staph aureus plate, and blue for MRSA
growing on Brilliance MRSA 2 agar plate.

Positive MRSA colonies were further verified by mecA PCR (268). Disk diffusion test
was used for detecting antibiotic resistance. In case of no color change, S. aureus was
verified by Pastorex Staph Plus (Bio-Rad, Hercules, CA, USA) and MALDI-TOF
(269). The number of viable bacteria was measured as colony forming units (CFU).
Semi-quantitative evaluation of S. awureus growth was made by counting the CFUs.
CFU >500 were considered as abundant, 50-499 as intermediate, 1-49 as sparse and
0 as no growth. Paper V also included a short questionnaire and retrieval of patient
data from the NEP charts, but the results from the questionnaire were not presented
in the final study.

Statistical methods

Cross-sectional studies: Paper I, Il and V

In paper I, II and V, data analysis was conducted through bivariate analysis (cross
tabulations with Chi-2/Fisher’s exact test or Mann-Whitney test) to select covariates
for the final analyses, and multivariate logistic regression analysis. P-values below 0.05
were considered statistically significant. In paper II, a correlation analysis was
performed in order to identify multicollinearity by excluding covariates with
correlation 0.7 or more from the multivariate analysis. Statistical analyses were
conducted in SPSS 21.0 (270) in paper I and SPSS 22.0 (271) in paper Il and V.

Longitudinal studies: Paper III and IV

Statistical analyses of predictors of SSTI, systemic infections and fatal infections in
paper III were conducted through extended Cox regression analysis, where
incarceration was used as a time-varying covariate. The rationale behind this approach
was that the baseline assessments were in most cases performed at the start of the
prison sentence, so the follow-up data for each individual reflect both the time in and
after release from prison, until the first diagnosed episode of SSTI, systemic bacterial
infection, or death, respectively. In order to assess the importance of injection drug
use as well as main drug, two Cox regression models were conducted with different
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reference categories: Non-injection drug use with alcohol as main drug, and injection
drug use with heroin as main drug. Prior to the final Cox regression analyses, a model
selection was conducted in order to identify the most relevant predictors to include in
the final model. All control variables and confounding variables were included in the
model selection. Data preparation and statistical analyses were performed in R 3.3.2
(272). The package 'survival' was used for estimating the Cox regression models

(273).

In paper 1V, longitudinal analysis was conducted through generalized estimating
equations (GEE) with logit link function and exchangeable correlation structure were
used in order to take the repeated measurements of some individuals into account. P-
values below 0.05 were considered statistically significant. Data preparation and
statistical analyses were performed in SPSS 21.0 (270) and R 3.2.2 (274). The
package ‘geepack’ was used to calculate the GEE models in the R environment (275).

All independent variables were assessed for multicollinearity through bivariate
correlation analysis and calculation of variance inflation factor in both paper III and
paper IV. In these two studies, all measures of multicollinearity were well within
acceptable limits.
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Ethical considerations

All studies were approved by either the Regional Ethics Board in Lund Sweden (file
number 2013/88 for paper I, file number 2014/478 for paper III, file number
2014/307 for paper IV and V), file number 2014/11 for paper V) or the Institutional
Review Board at RTI International (paper II). For paper II, data from RTI
International were delivered to the research group at Lund University with consent
from the Regional Ethics Board in Lund. There are some general ethical
considerations affecting the entire thesis — stigmatizing, economic compensation, and
consent — as well as topics more applicable for specific studies.

Stigmatizing of study participants

The studied population in this thesis, people using or injecting drugs, constitute a
vulnerable part of society. Injection drug use is a controversial topic, and prejudice
and misconceptions about PWID as a group are widespread. Enacted stigma as well as
internalized stigma among PWID and negative health consequences thereof has been
well described in previous research (276-280). Hypothetically, research that identifies
PWID as a high-risk group for certain communicable diseases could be subject to so
called dual use (281). Results meant to be used for health improvement in an already
exposed group could in worst case be used to further stigmatize PWID and single
them out as “guilty” of bacterial transfer to non-PWID (such as in the case of
community-acquired MRSA spreading to hospitals) and subsequently be used to
motivate repressive interventions focusing PWID. It is unlikely that this would
happen within the healthcare system. In a broader political context, however, results
could potentially be used rhetorically in political discussions, for example to support
stricter legal consequences following injection of illegal drugs.

Economic compensation

Economic compensation to study participants who are part of a vulnerable group of
society constitutes an ethical dilemma. In paper I and II, participants were
economically compensated (with a gift card in paper I and cash in paper II), while in
paper I1I no compensation was offered.

An argument against economic compensation is that it among PWID might be an
“offer one cannot refuse” because of poor financial situation and costly drug use.
PWID are subject to allocational vulnerability, meaning that the research provides
potential participants with benefits not otherwise accessible (282). On the other
hand, an argument in favor of economic compensation would be that if study
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participants are known to be poor or socially disadvantaged, they should be
compensated for study participation. In an Australian interview-based study assessing
motivations for study participation among PWID attending NEPs, reported
motivational themes were economic gain in slightly less than half of the study sample
(283). Other commonly reported reasons for study participation were expression of
citizenship (38%), altruism (19%), personal satisfaction (17%) and drug user activism

(16%).

Participation in the clinical studies did not imply any health risks, even though some
of the questions might have been perceived as personal. In addition, the economic
compensation was small enough to be considered an act of gratitude to the research
subjects, while not likely to cause anyone to participate against their will. From a
pragmatic standpoint, during the recruitment of study participants it became clear
that the recruitment procedure was much more efficient for paper I and II, where the
participants received economically compensation, than for paper V where no
compensation was offered.

Informed, silent or no consent

Informed consent was obtained from the study participants in paper I, Il and V. The
two register studies, paper I1I and IV, did not obtain informed consent.

In paper IV, all data were anonymized, and the researchers did not have access to any
identification information. Thus, there was no need to ask permission from the study
participants, or to receive informed or silent consent.

For paper III, an opt-out procedure or silent consent was required by the Ethics
Board. In this study, personal identification numbers were handled, although not by
the researchers. Data retrieval was preceded by an opt-out procedure, through
notification of the planned study in the free magazine Metro in the three major
Swedish urban areas Stockholm, Gothenburg and Malmé. The baseline data in this
study was retrieved from an interview data base where the ASI interview was part of
routine procedures in the criminal justice system. The requirement of silent consent
can be considered from two perspectives: It is hardly realistic to expect that all persons
who participated in ASI interviews 2001-2006 would note the information in a
specific paper on a specific day, and the procedure might thus be questioned from an
information perspective. On the other hand, de-identified ASI data have been used in
several previous studies without silent consent from the participants, and no subjects
opted out of the study, which implies that the study procedure was ethically
uncontroversial.
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Main results

The results are presented thematically rather than according to each separate study.
The main results, responding to the study specific aims, were:

Aims I and II) To study self-reported SSTT prevalence and factors associated with
SSTT among PWID at Malmé NEP (aim I) and in San Francisco (aim II).

Results [ and 1I) Lifetime SSTT was reported by 58% at Malmé NEP and 70% in San
Francisco. Lifetime SSTI was associated with non-powder injection, neck injection,
female sex and higher age (paper I). Past 30 days SSTI was associated with receptive
syringe/needle sharing (paper II).

Aim III) To investigate incidence rates and predictors of diagnosed SSTI, systemic
and fatal bacterial infections among PWID in the Swedish criminal justice system.

Result I11) Incidence rates per 1,000 person-years among PWID were 28.3 for SSTI
and 9.1 for systemic infection. Fatal infections were rare. SSTT as well as systemic
bacterial infection was predicted by injection drug use, with a more pronounced risk
increase of SSTI for people mainly using heroin.

Aim 1V) To investigate the number of reported MRSA cases among Swedish subjects
with opioid and amphetamine dependence.

Result IV) MRSA diagnosis was uncommon but significantly associated with opioid
and amphetamine dependence, in comparison with alcohol dependence.

Aim V) To investigate prevalence, quantitative level and body distribution of
methicillin-sensitive and -resistant S. aureus among PWID at Malmo NEP.

Result V) While MRSA was detected in only one patient, methicillin-sensitive S.
aureus was detected in 67% of PWID. Perineal S. aureus was significantly more
common in PWID than in controls.
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Demographic and drug use characteristics: Paper I-V

Paper I: Eighty PWID (30% female, median age 45 years [range 23-64]) from
Malmé NEP were included in the study. Primary drug was amphetamine in 49% of
the cases, and heroin in 39%. Forty percent reported unstable housing in the past 6
months.

Paper II. Self-reported SSTT lifetime prevalence was 70% among 201 community-
based PWID (23% female, median age 44) in San Francisco Bay Area.

Paper III: The sample at baseline consisted of 3,179 subjects (14% female, mean age
36 years). Main drug was amphetamine in 40%, polysubstance use in 25%, and
heroin in 12%. Twenty-three percent of the sample consisted of non-injectors with
alcohol as their main drug.

Paper IV: The sample consisted of 73,201 individuals (22-29% female, median age
47-50 years [range 13-98]). Alcohol dependence was the most common diagnosis for
all years, with numbers varying from 76-86% of all included subjects, while opioid
dependence constituted 8-20% of the sample, and amphetamine dependence 4-5%.

Paper V: The study sample consisted of 49 PWID from Malmé NEP (31% female,
median age 48 years [range 23-68]) and 60 non-injecting control patients (32%
female, median age 52 years). In the PWID group, 61% reported amphetamine use
and 22% reported heroin use. Sixteen percent of PWID reported unstable housing.
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Table 4. Demographic and drug use characteristics of cases and controls in paper |-V.
Data representing number of individuals, median/mean age, and percentage of valid numbers. Study subjects were
PWID in paper I-lll and V, and patients with opioid or amphetamine dependence in paper IV. Controls were non-
injectors with substance use problems. PWID, people who inject drugs.

Characteristic

Study participants
()

Study subjects

Nr of study
subjects/PWID

Age in years,
median/mean

Female sex

Unstable housing
past 30 days

Main drug heroin®
Main drug opioids®

Main drug
amphetamine®

Main drug heroin +
amphetamine®

Main drug opioids +
amphetamine®

Other main drug*

Lifetime injection of
non-powder drugs

Past 6 months
injection of non-
powder drugs

Control subjects

Nr of controls

Age in years,
median/mean

Female sex

Unstable housing
past 30 days

Paper |

80

80
45
(median)

30%

49%

39%

7%

5%
70%

Paper Il

201

201

44
(median)

23%
64%

NAZ

NAZ

11%

Paper Il

3,179

2,444
36
(mean)
14%
29%

15%

52%

33%

735

36
(mean)

12%
10%

Paper IV

73,201

1,581—
7,332°

36-37*
(median)

33-35%"

60-82%°
17-36%°

2-50%°

9,676—
22,708°

52
(median)

27%

Paper V

109

49

48
(median)

31%
16%

22%

61%

4%

12%

60

52
(median)

32%

: Opioid dependence (F11.2) and amphetamine dependence (F15.2) were mutually exclusive in paper IV, while

alcohol dependence was not an exclusion criterion. In paper Il all main drugs were mutually exclusive.

2 69% reported injection of heroin in the past 6 months. Amphetamine use was not reported. Past 6 months
injection of crack or rock cocaine was reported in 69%, powder cocaine in 21%, and methamphetamine in 71%.

3 Data in paper IV depending on measuring point (1997, 1999, 2004, 2009 or 2013).

4 Age at first measuring point for each individual. Median 37 years in patients with opioid dependence, 36 years in

patients with amphetamine dependence.

®33% in patients with opioid dependence, 35% in patients with amphetamine dependence.
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Skin and soft tissue infections: Paper I-111

Prevalence and incidence of SSTTI

Among PWID at Malmé NEP (paper 1), self-reported SSTT lifetime prevalence was
58%, past 12 months prevalence was 30% and past 30 days prevalence was 11%.
Self-reported SSTT lifetime prevalence was 70% among community-based PWID in
San Francisco (paper II). In paper III, incidence rates per 1,000 person-years for SSTT
was 41.5 among PWID with main drug heroin, 24.0 among PWID with main drug
amphetamine, and 29.7 among PWID with polysubstance use, compared to 10.0
among non-injectors with alcohol as their main drug.

Table 5. Skin and soft tissue infections among people who inject drugs: Paper I-IIl.

Data from Malmdé needle exchange (paper 1), San Francisco Bay Area (paper II), and the Swedish criminal justice
system (paper Ill). Median follow-up time was 9.8 years (total follow-up time 27,805 person-years) in paper Ill. SSTI,
skin and soft tissue infection; PWID, people who inject drugs.

Characteristic Paper | Paper Il Paper IlI
Study participants (n) 80 201 3,179

Type of data Self-reported Self-reported Register data
Study subjects/PWID (n) 80 201 2,444

SSTI lifetime (%) 58% 70% -

SSTI past 12 months (%) 30% 29% -

SSTI past 30 days (%) 11%* 11% -

SSTl incidence rate per 1,000 - - 28.3%

person-years

Control subjects (n) 0 0 735

SSTI incidence rate per 1,000 10.0
person-years

! 14% of n=65 recent (past 30 days) injectors.

2 STl incidence was 41.5 per 1,000 person-years among of PWID with main drug heroin, 24.0 of PWID with main
drug amphetamine, and 29.7 of PWID with polysubstance use.

56



Correlates and predictors of SSTI among PWID

Paper I and II were interview studies where the entire study sample consisted of
PWID. Paper I showed that in multivariate analysis, independent predictors for SSTI
were higher age (adjusted odds ratio [AOR] 1.09, 95% confidence interval [CI] 1.01-
1.18), female sex (AOR 6.75, 95% CI 1.40-32.47), having ever injected non-powder
drugs (AOR 52.15, 95% CI 5.17-526.67), and having ever injected in the neck
(AOR 8.08, 95% CI 1.16-56.08). Having ever injected in the groin was associated
with SSTT in bivariate analysis only.

Paper II was focusing on behavioral predictors for SSTI. In bivariate analysis, self-
reported SSTT in the past 30 days was significantly associated with injecting non-
powder drugs, needle-licking before injection, receptive syringe/needle sharing, being
injected by another person, infrequent skin cleaning before injection, and frequent
injections. In multivariate logistic regression analysis, the only independent predictor
for past 30 days SSTI was receptive syringe/needle sharing (AOR 6.38, 95% CI 1.90—
21.46 in the final model).

In paper III, PWID were compared with non-injectors. Among clients in the Swedish
criminal justice system, injection drug use was significantly increasing the risk of SSTI
during follow-up. The risk increase was hazard ratio (HR) 2.45 (95% CI 1.70-3.52)
for PWID who reported that their main drug was heroin at baseline, HR 1.60 (95%
CI 1.16-2.20) for those reporting amphetamine as main drug, and HR 1.92 (95% CI
1.39-2.65) for those reporting polysubstance use. Other predictors of SSTI in this
study were previous overdose, self-reported hepatitis C, homelessness, and residence
in a city with a population over 100,000 inhabitants. Incarceration was associated
with lower risk of SSTI. Other main drugs than heroin (amphetamine: HR 0.66,
95% CI 0.52-0.83; polysubstance use: HR 0.79, 95% CI 0.62-1.00) were associated
with lower odds of SSTI.
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Table 6. Correlates and predictors of SSTIin multivariate analyses: Paper I-lll.

Data from Malmd needle exchange (paper 1), San Francisco Bay Area (paper Il), and the Swedish criminal justice
system (paper Ill). Median follow-up time was 9.8 years (total follow-up time 27,805 person-years) in paper Ill. SSTI,
skin and soft tissue infection; AOR, adjusted odds ratio; HR, hazard ratio; Cl, confidence interval; NS, not significant.

Characteristic

Study participants (n)
Statistical test

Outcome variable

Demographics

Age (years)
Incarceration

Female sex
Homelessness
Residence in large city
Lifetime overdose

Self-reported hepatitis C

Main drug

Heroin vs. alcohol*
Amphetamine vs. alcohol*
Polysubstance use vs. alcohol*
Amphetamine vs. heroin?

Polysubstance use vs. heroin?

Injection habits
Needle-licking past 30 days3
Infrequent skin cleaning3
Neck injection ever

Non-powder injection ever

Non-powder inj. past 6 months*

Assisted injection past 30 days*

Receptive syringe/needle
sharing past 30 days®

Nr of injections past 30 days5

Paper |
AOR (95% CI)

80
Logistic regression
Lifetime SSTI

1.09 (1.01-1.18)*

6.75 (1.40-32.47)*

8.08 (1.16-56.08)*

52.15
(5.17-525.67)**

Paper Il
AOR (95% ClI)

200
Logistic regression
Past 30 days SSTI

NS
NS

NS
NS
6.38 (1.90-21.46)**

1.01 (1.00-1.03)*

: Paper Ill, model 1: Alcohol used as reference category for the variable Main drug.
2 paper IIl, model 1: Heroin used as reference category for the variable Main drug.
% paper Il, model 1: Adjusted for hygiene variables. Receptive syringe/needle sharing AOR 5.33*.

“ Paper II, model 2: Adjusted for tissue-damaging practices. Receptive syringe/needle sharing AOR 6.08**,
5 Paper II, model 3: Adjusted for tissue-damaging practices and injection frequency.

6 Significant association, upper limit of confidence interval rounded off to two decimals.

* p<0.05. ** p<0.005, *** p<0.001..
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Paper llI
HR (95% CI)

3,169
Cox regression

SSTI diagnosis
during follow-up

0.61 (0.47-0.80)***
NS

1.23 (1.04-1.46)*
1.37 (1.17-1.60)
1.39 (1.18-1.64)
1.43 (1.15-1.77)*

2.45 (1.70-3.52)%*
1.60 (1.16-2.20)*
1.92 (1.39-2.65)***
0.66 (0.52—0.83)***
0.79 (0.62—-1.00%*



Systemic and fatal infections: Paper III

Incidence of systemic and fatal bacterial infections

While fatal bacterial infections were rare, incidence rates per 1,000 person-years for
systemic infection were 9.1 among PWID in the Swedish criminal justice system,
compared to 2.7 among non-injecting controls. Incidence rates of specific systemic
infections are presented in Table 7.

Table 7. Incidence of systemic and fatal bacterial infections: Paper IIl.

Register data from the Swedish criminal justice system, the Swedish National Patient Register for inpatient and
outpatient care, and the Swedish Causes of Death Register. Median follow-up time to systemic bacterial infection was
10.2 years (total follow-up time 30,175 person-years), and to death it was 10.3 years (total follow-up time 31,196
person-years). Incidence rates presented as number of events per 1,000 person-years. N=3,179.

Characteristic Heroin* Amphet- Polysub- PWID? Non-

amine' stance injecting
use’ controls

Study participants (n) 377 1,260 807 2,444 735

Systemic bacterial 10.4 9.5 8.0 9.1 2.7

infection

Cardiac infection 2.9 2.6 2.3 2.6 0.3

Bone/joint infection 7.3 5.4 4.7 5.4 2.1

Central nervous 0 0.7 0.8 0.6 0.1

system infection

Septicemia 4.3 3.8 3.1 3.6 0.7

Fatal bacterial 0.6 1.0 0.4 0.7 0.3

infection

! Main drug (heroin, amphetamine or polysubstance use) were mutually exclusive.
2 All subjects with injection drug use and main drug heroin, amphetamine or polysubstance use.
% All control subjects had reported problematic alcohol use.
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Predictors of systemic bacterial infection

In paper III, systemic bacterial infection was predicted by self-reported hepatitis C
(HR 1.58, 95% CI 1.04-2.40), homelessness (HR 1.35, 95% CI 1.03—1.78) and
injection drug use with self-reported main drug heroin (HR 2.75, 95% CI 1.41-
5.39), amphetamine (HR 2.19, 95% CI 1.20-4.02) and polysubstance use (HR 2.01,
95% CI 1.07-3.76). Incarceration was associated with lower risk of systemic
infection, while amphetamine or polydrug use did not significantly affect the risk of
systemic infection compared to heroin use. Due to a small number of fatal infections,
no multivariate analysis was conducted with infection related death as outcome
variable.

Table 8. Predictors of systemic bacterial infection: Paper IIl.

Multivariate Cox regression analysis. Register data from the Swedish criminal justice system, the Swedish National
Patient Register for inpatient and outpatient care. N=3,169. Outcome variable: Systemic bacterial infection during
follow-up. Median follow-up time was 10.2 years (total follow-up time 30,175 person-years). HR, hazard ratio; Cl,
confidence interval; NS, not significant.

Characteristic HR (95% CI)

Demographics

Incarceration 0.36 (0.19-0.66)**
Female sex NS
Homelessness 30 days before baseline 1.35 (1.03-1.78)*
Self-reported hepatitis C 1.58 (1.04-2.40)*
Main drug

Heroin vs. alcohol* 2.75 (1.41-5.39)**
Amphetamine vs. alcohol* 2.19 (1.20-4.02)*
Polysubstance use vs. alcohol* 2.01 (1.07-3.76)*
Amphetamine vs. heroin? NS

Polysubstance use vs. heroin? NS

: Paper Ill, model 1: Alcohol used as reference category for the variable Main drug.
2 paper IIl, model 1: Heroin used as reference category for the variable Main drug.
* p<0.05. ** p<0.005. *** p<0.001
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MRSA and drug dependence: Paper IV and V

MRSA prevalence

Even though the reported MRSA rates in paper IV were low (Table 9), there was a
trend towards a more pronounced increase in subjects diagnosed with opioid and
amphetamine dependence, compared to overall Swedish MRSA cases in published
register data from the Swedish Institute for Communicable Disease Control
(Smittskyddsinstitutet; SMI). In paper V, MRSA was detected from bacterial cultures
in only one study participant at Malmo NEP.

Table 9. Number of MRSA cases and percent change per measurement: Paper IV.

Data from the Swedish National Patient Register for inpatient and outpatient care. NA, not available; MRSA,
methicillin-resistant Staphylococcus aureus.

Characteristic 1997 1999 2004 2009 2013

Study subjects, n

Opioid dependence1 944 1,284 1,979 4,672 5,997
Amphetamine 563 512 804 1,322 1,219
dependence’

Alcohol dependence2 9,676 10,149 14,404 20,374 22,708

MRSA cases, n (%)*

Opioid dep. 0 3 (0.2%) 6 (0.3%) 14 (0.3%) 64 (1.1%)
Amphetamine dep. 2 (0.4%) 3(0.6%) 2 (0.2%) 3(0.2%) 11 (0.9%)
Alcohol dep. 10 (0.1%) 7 (0.1%) 28 (0.2%) 49 (0.2%) 99 (0.4%)
Nr of notified MRSA NA® NA® 709 1,480 2,454

cases in Sweden®

Percent change of
MRSA cases®, %

Opioid dep. NA 100% 130% 357%
Amphetamine dep. 50% -33% 50% 267%
Alcohol dep. -30% 300% 75% 102%
Nr of notified MRSA 109% 66%

cases in Sweden®

: Opioid dependence (ICD-code F11.2) and amphetamine dependence (ICD-code F15.2) were mutually exclusive.
2 All subjects with opioid or amphetamine dependence during the full year were excluded.

3 Nr of MRSA cases and percent of nr with the actual substance dependence diagnosis, for each year in the study.
4 According to the Swedish Institute for Communicable Disease Control (SMI). Retrieved from (225,284,285).

5 MRSA notification was not mandatory (according to the Communicable Disease Act) until year 2000.

® percent change from previous measurement in number of MRSA cases.
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Drug dependence correlates of MRSA

In paper IV, MRSA diagnosis was significantly associated with both opioid
dependence (AOR 2.67, 95% CI 2.04-3.49) and amphetamine dependence (AOR
2.56, 95% CI 1.61-4.08) compared to alcohol dependence, when adjusting for age,
sex and year. Higher age was also significantly associated with MRSA diagnosis.

Table 10. Factors associated with MRSA diagnosis: Paper IV.

Multivariate analysis with generalized estimating equations (GEE). N = 96,596. Number of clusters: 73,025. Maximum
cluster size: 5. Estimated within-subject correlation: 0.057. AOR, adjusted odds ratio; Cl, confidence interval; ICD,
International Classification of Diseases; NS, not significant.

Characteristic AOR (95% ClI)
Amphetamine dependence vs. alcohol dependence 2.56 (1.61-4.08)***
Opioid dependence vs. alcohol dependence 2.67 (2.04-3.49)***
Year 1.11 (1.08-1.15)***
Sex NS

Age 40-59 years vs. 1-39 years 1.41 (1.05-1.90)*
Age 60-99 years vs. 1-39 years 2.39 (1.70-3.35)***

* p<0.05. ** p<0.001
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S. aureus colonization among PWID: Paper V

Prevalence of S. aureus among PWID at Malmé NEP

S. aureus in any body site was detected in 67% of PWID and 50% of non-injecting
control patients. The anterior nares was the most common site of colonization in
both groups. Colonization in the three carriage sites nares, throat and perineum was
the most common colonization pattern among PWID. In both groups there were a
few individuals with perineal colonization only, and several study participants in both
groups were colonized in extra-nasal sites only. S. aureus distribution is presented in

Table 11.

Association of injection drug use and S. aureus colonization

Perineal colonization was significantly associated with injection drug use in bivariate
analysis (odds ratio [OR] 2.96, 95% CI 1.13-7.75). This association remained in
multivariate analysis, adjusted for sex and age (AOR 4.01, 95% CI 1.34-12.03). In
bivariate analysis, injection drug use was associated with overall S. aureus colonization
on level OR 2.07 (95% CI 0.92-4.68), but did not reach statistical significance
(p=0.08). This association was tested in multivariate analysis but was not statistically
significant when adjusting for age and sex. There were positive associations between
injection drug use and S. aureus colonization in nares, throat and skin lesions, as well
as multi-site colonization, but none of these associations reached statistical
significance.
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Table 11. Bacterial colonization pattern with Staphylococcus aureus (S. aureus).
Cases were people who inject drugs (PWID) participating in Malmé needle exchange program (n=49). Controls were
non-injectors from inpatient wards at Malmé Addiction Center (n=60). Fourteen cases were excluded from calculations
including perineal colonization due to refusal of perineal sampling. OR, odds ratio; AOR, adjusted odds ratio; Cl,
confidence interval; NS, not significant.

S. aureus
colonization site

Any body site
Nares

Throat
Perineum

Skin lesions

One body site
Nares only
Throat only

Perineum only

Two body sites
Nares and throat
Nares and perineum

Throat and perineum

Three body sites

Nares, throat, perineum

! Percentage of n=35 with perineal samples.
2 Percentage of nr with skin lesions were 78% of n=9 for cases; 50% of n=2 for controls.
3 Adjusted for age and sex.

* p<0.05. * p<0.1.
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Cases
n (%)

29 (67%)
20 (41%)
18 (37%)
13 (37%)"
7 (15%)?

8 (23%)"
1 (3%)*
4 (11%)*
3 (9%)*

7 (20%)*
2 (6%)*
4 (11%)*
1 (3%)*

5 (14%)*

Controls
n (%)

30 (50%)
21 (35%)
20 (33%)
10 (17%)
1 (2%)?

13 (22%)
4 (7%)

7 (12%)
2 (3%)

13 (22%)
9 (15%)
4 (7%)

0

4 (7%)

Unadjusted OR
(95% ClI)

+

2.07 (0.92-4.68)
NS

NS

2.96 (1.13-7.75)*
NS

NS

NS

NS

AOR
(95% ClI)®

NS

4.01 (1.34-12.03)*



Discussion

The Discussion section begins with methodological considerations including
strengths and limitations of the studies. Thereafter follows an interpretation of the
main findings in relation to previous research, as well as novel findings, clinical
implications, and finally implications for future research.

Methodological considerations

The methodological discussion is focused on whether the research problems are
assessed with an appropriate study design, the right questions and analyses, and in an
accurate study sample. The first section, Selection and recruitment of study
participants, concerns sample representativeness and potential selection bias including
non-response bias. This section also assesses the rationale behind selection of control
samples in paper III, IV and V. The Data collection section concerns whether the
responses and collected data from paper -V are valid and reliable, or whether they
may be subject to measurement errors and respondent bias.

Selection and recruitment of study participants

Sample selection

The population that was intended to study in all five studies was people who inject
drugs in general. Participation in Malmé NEP, where injection drug use is a
prerequisite for enrollment, was the inclusion criterion in paper I and V, and subjects
were excluded only if they were not able to understand the study information and
provide informed consent. Injection drug use, confirmed through signs of recent
injection, was the inclusion criterion in paper II. The epidemiological register studies,
paper IIT and IV, had large study samples. Use of certain substances was the inclusion
criterion in these studies.

In paper IV it was not possible to distinguish between PWID and non-injecting
people with opioid and amphetamine dependence, although these drugs are
commonly administered through injection (12). Based on ICD-10 diagnoses, heroin
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dependence could not be separated from other opioid dependence. All subjects in
paper III who were mainly using illicit drugs were PWID at baseline, but their
injection habits during follow-up were not possible to assess with the study design of
this paper, and their potential cessation of injection drug use during follow-up must
be taken into consideration when interpreting the results. They were also criminal
justice clients, which affected the generalizability of the results (see below).

Recruitment of study participants

Active recruitment were conducted in paper I, II and V, why these studies may be
subject to selection bias, specifically volunteer bias, non-response bias, and (for the
control sample in paper V) hospital patient bias. Study participants were consecutively
included on certain days in paper I and randomly selected in paper II and V.
Participants to the clinical studies were recruited from Malmd NEP (paper I and V)
and from community field sites in San Francisco Bay Area (paper II). The
recruitment was conducted by professional recruiters in paper II, by the thesis author
in paper I, and by personnel at Malm6é NEP and Malmé Addiction Center in paper
V. The samples may be subject to volunteer bias since the participants were offered
economic compensation in paper I and II. This might have affected the group of
participants who gave their consent to study participation, in ways that were not the
case in paper V where the participation was not compensated. As mentioned in the
Methods section, there is a risk for selection of the most economically vulnerable
persons for paper I and II which might affect, for example, the number of homeless
participants.

Non-response bias, i.e. missing data and decline of study participation, needs to be
kept in mind. The sample sizes in paper I and V were small with 80 and 109
participants (including controls) respectively. The reasons for these small sample sizes
were practical — due to time limitations for paper I and because of difficulties
recruiting study participants to paper V. In paper V, the recruitment continued for as
long as 16 months. The difficulties faced were interpreted to be a result of the lack of
economic compensation offered to the participants. No subjects opted out of paper
III, and a post-hoc questionnaire to ASI interviewers has shown that a high
percentage (94%) of criminal justice clients accepted the ASI interview (263).
Reasons for declining participation in the studies were mainly lack of time. None of
the studies included a structured analysis of subjects declining study participation,
which is a limitation since it was not possible to identify potential non-response bias.

Representativeness of study samples is particularly relevant to discuss concerning paper
I and V. In these papers, there was no reason to believe that the samples differed
substantially or systematically from the general participants at Malmé NEP were they
were recruited, since age, sex and main drug was comparable to the general Malmé
NEP participant population (17,30). In paper IV, all patients registered in the NPR

with specific diagnoses were selected. A biased selection based on underreported
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diagnoses and differences in contacts with the healthcare system between people with
alcohol, opioid and amphetamine dependence is difficult to evaluate but cannot be
excluded.

Control samples

In three of the studies, patients with non-injection drug use or alcohol dependence
were used as controls. In paper V, PWID from Malmoé NEP were compared to non-
injecting inpatients with substance use disorders. In paper IV, patients with opioid or
amphetamine dependence were compared with patients with alcohol dependence.
Paper III compared people who had injected drugs for at least six months with
individuals with problematic alcohol use but without long-term continuous injection
drug use.

A comparison with healthy controls may have resulted in finding more pronounced
differences between cases and controls. However, the reason for using individuals
with substance problems as controls, rather than healthy subjects, was to compare
PWID with a group living under as comparable socioeconomic conditions as possible.
Swedish data have shown poor socioeconomic status among both people with
problematic alcohol use and people using illicit drugs, who had contact with the
Social services (286). In this report, 17% of people using alcohol and 26% of people
using illicit drugs had low income. Among people using alcohol and illicit drugs,
respectively, 10% and 26% were homeless, and 81% and 94% were unemployed. In
paper V, hospital patient bias is a possibility since all individuals in the control group
were inpatients and might thus have poorer health than non-injecting people with
substance problems, not in inpatient care.

Cases and controls were not matched in paper III, IV or V. Mean age in paper III was
the same, 36 years, among PWID (range 33-38 depending on main drug) and non-
PWID. Female percentage was slightly higher among PWID (14%) than among non-
PWID (12%). In paper IV, female percentage ranged between 27-35% in all groups,
while median age was higher (52 years) among patients with alcohol dependence than
among patients with opioid (37 years) and amphetamine dependence (36 years). In
paper V, sex and age distribution was similar in both groups.

Generalizability

The populations in paper I, II and V consisted entirely of PWID, but differed
substantially regarding area of residence. Also, all participants in the Swedish studies
(paper I and V) were enrolled in Malmé NEP. There is a potential selection bias since
PWID participating in a NEP have been shown to have poorer health than other
PWID (287). While the results from paper I and V are not necessarily applicable to
PWID not participating in a NEP, paper II does not distinguish NEP participants
from other PWID and can be generalized to other PWID populations. However, this
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study was conducted in a U.S. setting which is not comparable to Sweden with regard
to healthcare access or socioeconomic conditions.

The results from paper I1I were based on self-reported data from convicted PWID in
the criminal justice system, and may therefore not be generalizable to other samples of
PWID. Prisoners have been shown to have generally poor physical and psychiatric
health (29). On the other hand, international (27,288) and Swedish (28) studies have
shown that a high percentage of criminal justice clients have substance use disorders,
which motivates the use of register data from the Swedish criminal justice system to
gain access to detailed interview data from PWID. Age, sex and percentage of people
mainly using amphetamine in paper III was comparable with numbers from other
studies on PWID in other Swedish settings (17,30), and self-reported hepatitis C in
78% was comparable to the 69% HCV viremia and 88% anti-HCV prevalence
shown among Swedish patients in OST (98), and 64% anti-HCV prevalence among
PWID participating in Malmo NEP (110).

Data collection

Interview data

The interviews were structured in both paper I and paper II. The interviews were
conducted by the thesis author in paper I, and by professional interviewers in paper
II. The questions used for assessing drug use, injecting habits and SSTT were not
validated — which is a study limitation — but have been used in other studies focusing
drug use patterns and abscesses among PWID (139,289).

Paper I and II were based on PWID’s self-reports regarding SSTT experience and a
variety of behaviors during lifetime, in the past 12 and 6 months, and in the past 30
days. It is thus necessary to take recall bias into account. However, previous studies
have shown sufficient reliability and validity of PWID’s self-reports of drug use
history (290), and self-reported data on drug use events among PWID through mixed
qualitative and quantitative methods have been shown to be of adequate consistency
(289). Except for recall bias, the possibility of incorrect medical evaluation should be
taken into consideration. Several medical conditions can resemble SSTI (291), and
since there was no medical evaluation in paper I and paper II, some cases of self-
reported SSTT might have been misinterpretations of other skin lesions. A majority of
the interviewees in both paper I and II reported that they were familiar with SSTI
symptoms, and in paper I they were specifically asked to separate SSTT symptoms
from injection-related irritation. Even though PWIDs self-diagnosing of abscess has
been shown to correspond well to clinical evaluation (292), a comparison with SSTI
diagnoses from register data in paper I and II would have been valuable from a
reliability perspective. Respondent bias such as social desirability bias is also of
importance when assessing drug use and other sensitive issues. Considering the
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potential of stigmatizing of study participants or sub-populations mentioned in the
Introduction, some participants might have provided “socially desirable” replies.
There is a possibility of under-reporting for question regarding for example hygiene,
due to embarrassment.

ASI data (paper 11I), collected by professional interviewers, has been shown to have
high reliability and inter-rater accuracy (257). High reliability of the ASI is also
shown specifically in a Swedish setting (262). The replies may in some cases, where
there was a long time span from intake to the criminal justice facility to the interview,
be subject to recall bias. Hepatitis C status was self-reported and may be both
overestimated due to spontaneous viral clearance, and underestimated due to
ignorance. Researcher bias is more often discussed regarding qualitative research, while
the interview studies in the thesis were quantitative and used structured interview
questionnaires. Question order bias, leading questions and words bias, and reception and
attitude in the interview situation could, however, have affected the results. In paper
II, the questions were standardized and asked by trained interviewers, in order to
minimize researcher bias.

Register data
The quality of the Swedish NPR for inpatient care is considered high, and 85-95% of

registered diagnoses were valid in a study comparing NPR diagnoses with inpatient
records (255). However, in both paper III and IV there was no separation between
diagnoses registered in the validated inpatient register and the outpatient register,
which is not validated. The coverage of the outpatient register is lower than that of
the inpatient register, but missing main diagnosis has decreased over time from 25—
30% to approximately 1% (258). The rationale behind using diagnoses from both
these registers were to include all cases registered with the diagnoses of interest, while
the severity of infections (i.e. inpatient care) was not of primary interest in any of the
studies. Diagnoses in the CDR are not suspected to be incorrect. More than 96% of
all fatalities in Sweden in year 2008 had a certificate of death with registered cause of
death (259). Registered causes of death are valid in 77% (256), and cause of death in
younger persons with less multi-morbidity and shorter time span of fatal disease or
violent cause of death are more often correct (259).

MRSA diagnoses in paper IV included both infection and asymptomatic colonization,
and from the results in paper IV it was not possible to distinguish these two, which is
an important study limitation. Also, the MRSA diagnoses registered in the NPR are
not equivalent to MRSA surveillance data from SMI. It was therefore not possible to
differentiate MRSA samples taken on clinical indication from other routes. However,
in a validation study of Swedish MRSA surveillance data, Stenhem et al. concluded
that MRSA data from routine surveillance may be inadequate for in-depth
epidemiological analyses due to low sensitivity regarding reason for MRSA testing,
and missing or incorrect information on clinical presentation (infection or
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colonization)(293). MRSA rates may also be underestimated before year 2000 when
reporting of MRSA became mandatory in Sweden (294). After year 2000, MRSA
rates are likely to be accurate, since healthcare institutions in Sweden are economically
compensated for each registered episode of MRSA.

Microbiological data

Sampling reliability was an issue in paper V. Bacteriological sampling was conducted
by nurses/assistant nurses at Malmé NEP and Malmé Addiction Center — or by the
patients themselves in all perineal samples and in some other samples. Sampling
conducted by the patients was strictly supervised by the staff. In the case group a
quarter of the NEP participants declined perineal sampling, which might have
affected the results. Bacterial sampling was conducted only once in each individual
and the results might have differed if the sampling was repeated, since S. aureus
colonization is intermittent and ca 40% of adults have been shown to be intermittent
nasal carriers (221).

Data handling and statistical analyses

Three cross-sectional and two longitudinal studies are included in the thesis. For all
cross-sectional studies (paper I, II and V), the same type of statistical analyses were
conducted; bivariate analysis to find candidate variables at significance level p<0.1,
followed by logistic regression analysis. In paper IV, the control variables were
predefined. In paper III there were both control variables that were predefined, and
variables based on a model selection analysis to determine which control variables that
improved the statistical model. Paper III thus included the most refined control
variable inclusion, and the results from paper I, II and V should be viewed in the light
of possible exclusion of important control variables. In paper II, several replies to
multiple-choice questions and continuous variables were collapsed into dichotomous
variables, which might have affected the results. Missing values were excluded from
statistical analyses in all papers.

The number of candidate variables was limited to a maximum of five cases per
variable (295) in order to avoid type 1 errors. To identify multicollinearity,
correlation analysis was conducted in paper II, IIT and IV, but not in paper I or V.

Small study samples and weak statistical power was a concern in paper I and V. Non-
significant associations and very low prevalence of MRSA should therefore be viewed
in the light of low power. The number of participants affected the results from
statistical analysis. When comparing confidence intervals for the significant predictor
variables in paper I, I and V, it becomes clear that data quality was higher in paper II
where a larger number of participants were approached by professional recruiters.
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Interpretation of main findings: Towards a better

understanding of bacterial infections among PWID

Some of the findings in paper I-V were novel and other findings supported or
contrasted previous research. This section includes a broad discussion of these results,
relating them to previous research and hypothesizing explanations to bacterial
infections among PWID, and leads up to a suggestion of more specific future research

areas.

Novel approaches and findings

While prevalence and correlates of SSTI have been assessed in previous
studies, paper I is the first study investigating this subject in a Swedish
setting. The approach applied in paper II, strictly focusing behavioral risk
factors for SST1I, is also novel.

Incidence of SSTI and systemic bacterial infections among PWID has not
been previously assessed in large-scale register studies. Quantification of risk
increase from injection drug use and main drug has not been carried out in
large-scale, prospective studies.

MRSA colonization and infection among PWID has been investigated in
clinical surveillance studies, but never in a low-prevalence setting like
Sweden. The long-term epidemiological approach, based on national register
data, is also novel.

S. aureus colonization in different body sites has been subject to very little
research, and paper V is, to the authors’ knowledge, the first study assessing
semi-quantitative colonization with S. aureus in different body sites of PWID
specifically.
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PWID have high rates and increased risk of SSTT and systemic infections

SSTI were common among PWID at Malmé NEP, in the Swedish criminal justice
clients, and in San Francisco Bay Area. Self-reported lifetime SSTI prevalence in
Malmé (paper I) as well as San Francisco (paper II) was comparable to previous
studies from the U.S. and Mexico (135,138,139) but higher than in Australian
studies (136,137). A plausible explanation to this regional difference might be
coverage of NEPs, or access to SIFs. The prevalence of SSTI was comparable in
Malmé and in San Francisco. One might have expected the SSTT rates to be higher in
the U.S. sample, recruited in an area where PWID have been shown to have high
rates of unstable housing and food insecurity (19), poor healthcare access (2) and
prevalent use of drugs harmful to the tissues such as cocaine and black tar heroin (42).
Data collection to paper I and II was conducted within a short time span (less than
one year), and SSTT was assessed with almost identical interview questions.

The results from paper I1I are coherent with the clinical impression that SSTT as well
as systemic bacterial infections are associated with injection drug use. Incidence rate
of cardiac infection among PWID was more than 30 times higher than the incidence
of infective endocarditis previously shown for the general Swedish population (160).
An important limitation of paper III is that we did not have access to microbiological
data, which would have allowed a more sophisticated analysis of systemic infections.

Fatal bacterial infections were rare among both PWID and non-PWID in paper 111,
while overall mortality during follow-up was high in both groups. This may be partly
explained by the high mortality due to unnatural causes of death (overdose, accidents
and suicide) among PWID (51-53,57) in combination with low age. Several studies
have shown statistically lower mortality due to bacterial infections among PWID
compared to non-PWID, in the case of infective endocarditis (133), necrotizing
fasciitis (134), and invasive streptococcal infections (177). Mortality due to left-sided
infective endocarditis is higher than due to right-sided endocarditis (182), with
PWID usually diagnosed with the latter (146,152,153). Lower age among PWID
than non-PWID affected by systemic bacterial infections, in combination with less
age-related comorbidity such as diabetes mellitus, have been suggested as reasons for
the lower mortality in PWID noted in for example necrotizing fasciitis (134).
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Risk factors for SSTI: General aspects

As presented in the Introduction, there are some areas of particular interest
concerning PWIDs physical health. PWID often lead demanding lives with poor
economy and lack of social security. Bacterial infections can be considered part of a
larger problem complex consisting of unmet healthcare needs (65-67,78), chronic
conditions including viral infections (8), poor dermatological health — described
specifically in people using methamphetamine (79) — and sexual health including
transactional sex (26,119,120,296). Previous research has approached bacterial
infections among PWID from vastly different perspectives ranging from
bacteriological characteristics (218,230,234,235,237) to macro-scale analysis of the
drug market including prize and quality of heroin (297).

Through the studies included in the thesis, certain groups or individuals were
identified as being of higher risk of SSTI and systemic infection. In paper I and II,
four predictors for SSTI were identified: receptive syringe/needle sharing, female sex,
non-powder injection and neck injection. In paper III, injection drug use, mainly
heroin use compared to other injected drugs, self-reported hepatitis C, homelessness,
previous overdose and residence in a large city was predicting SSTI; and injection
drug use, homelessness and hepatitis C was predicting systemic infection.

Based on the results from paper I-1V, and previous research, it is possible to abstract
three principally different — however overlapping — explanatory models regarding the
high rates of bacterial infections among PWID:

1) Bacterial colonization and interpersonal transmission;

2) Injection techniques promoting bacterial growth and transfer; and

3) Demographic and lifestyle factors affecting the susceptibility to infections.
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The first two models concern factors directly causing bacterial infections. The third
model is more complex and includes structural and behavioral characteristics likely to
affect and confound model 1 and 2. A basic attempt to illustrate the complexity of
predictors for bacterial infections among PWID, through a simplified overview, is
presented in the figure below:

Homelessness*

— OWN BACTERIAL FLORA* |

OTHER SKIN LESIONS:
chronic wounds, eczema

—| DRUG: heroin*, black tar heroin |

INJECTIONS I_

_| OTHERS BACTERIAL FLORA |

R Close contacts: drug user
Tissue irritating drug e.g. NE T, [METTE ST

non-powder injection Injection equipment sharing®

Extravasal injection: Age*
neck injection™ I LESIONS BACTERIA I Female sex*
assisted injection Large city residence™

Previous overdose*
Age* Bacterial insertion to tissues Hepatitis C*

Female sex* (poor injection hygiene) Mainly heroin use*

Susceptibility: HIV, diabetes, age*

Figure 5. Overview of statistically significant and potential risk factors of skin and soft tissue infections
(SSTI) among people who inject drugs, based on results from paper I1-V.

The figure represents a flow chart where direct causes of SSTI (lesions in the skin; bacteria) are affected or
confounded by the factors in boxes more distally located. Factors marked with * are results from the studies included
in the thesis. Green boxes contain microbiological factors; pink boxes contain injection technique factors; and blue
boxes contain demographic and lifestyle factors.
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Explanatory model 1: PWID have high rates of bacterial colonization

A hypothesis for the high prevalence of bacterial infections is that PWID are
susceptible to colonization with potentially pathogenic bacteria such as S. awureus
including MRSA. This is supported by the results from paper IV, where opioid and
amphetamine dependence was associated with MRSA diagnosis compared to alcohol
dependence, and paper V where injection drug use was associated with perineal S.
aureus colonization.

As suggested in previous research, overrepresentation of S. aureus and MRSA among
PWID can be a result of bacterial transfer between individuals, or long-term
colonization potentially due to repeated skin lesions/breaks in the skin barrier (223).
The clinical importance of interpersonal bacterial transfer is supported by cluster
outbreaks in populations of PWID that have been described for MRSA and
methicillin-susceptible S. awureus (218,230,234,235,237). Outbreaks of non-injection
related bacterial infections among PWID and people who use drugs through non-
injection, such as meningitis (130) and tuberculosis (123—125) described in previous
research also support this model of explanation.

Previously reported colonization rates of S. aureus in 35-39% of PWID (216,220) are
lower than the 67% in paper III. Bassetti et al. (220) collected samples in a setting
where PWID could receive assistance with injections as well as clean injection
equipment, while the harm reduction interventions at Malmé NEP do not include
supervised or assisted injections. A potential explanation for the higher colonization
rates at Malmo NEP is that injections under unclean conditions are of greater
importance for bacterial colonization than injections per se. Perineal colonization
rates were higher than in a previous study from 1964 (298), while nasal colonization
rates were within the range of the 28-45% previously reported (217-219). MRSA
rates among Swedish PWID (paper IV and V) were very low in relation to those
described in international research (217-219). To a great part, this can be understood
in relation to the low MRSA prevalence in the general Swedish population (225,294),
but it also needs to be evaluated with respect to the low statistical power in paper V.

Associations between S. aureus colonization and clinically significant infections have
been shown in previous research, but not among PWID specifically, and not in this
thesis. An increased risk of infection in individuals with nasal S. aureus colonization
was shown already in the 1930s (221), and has been supported by several more recent
studies (221-224). Nasal carriage of S. aureus was the most important source of .
aureus bloodstream infection in studies by del Rio et al. (299) and von Eiff et al.
(224). These associations should be further studied (see Implications for future
research).
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Explanatory model 2: Injection techniques promote bacterial growth and
transfer to the tissues or bloodstream

A second model of explanation is that unsafe or unclean injections that facilitate
bacterial transfer to the tissues or bloodstream cause bacterial infections among
PWID who engage in risky injection habits. Proper skin cleaning prior to injection is
stressed as an important infection preventive intervention in a recent review article by
Larney et al. (131). While poor skin or hand cleaning prior to injection has been
associated with SSTT previously (135,139,140,195,196,200), no such association was
found in paper I or paper II. This might be due to a lack of specific questions
regarding skin cleaning with antibacterial substances in the questionnaires. High
injection  frequency is a known risk factor for SSTI in PWID
(135,136,158,196,198,200), shown also in paper II. The reason might be that
frequent breakage of the skin barrier facilitates bacterial transfer and long-term
bacterial colonization (223). High injection frequency can also be a sign of general
high-risk injection behavior and more excessive drug use with effects on physical
health and general life situation.

The drug itself has been suggested to cause complications through tissue damage,
negative effects on the immune system, and infection through containing
microorganisms. Non-powder injection was associated with SSTI in paper I
(multivariate analysis) and in paper II (bivariate analysis). This association has been
noted previously (210,211). Non-powder injections have also been clinically
described as a cause for endocarditis (300), pericarditis (301), skin necrosis (302) and
pulmonary disease (303). The reason might be that non-powder injections are more
harmful to the tissues than powder drugs. Non-powder drugs tend to clog the syringe,
and the use of “washes” has been noted as a potential risk for infections among people
who inject prescription drugs (43). Outbreaks of HIV (304) among people injecting
prescription opioids have been described in recent reports from the U.S. In addition,
non-powder injection of buprenorphine has been associated with polydrug injection
(46). The role of non-powder injection as part of a larger drug use pattern might also
be of importance when interpreting its association with SSTT.

Injection area (neck injection) was associated with SSTT in paper I. In studies from
Mexico and Canada, past six month neck injection was reported by 25-35%
(305,300), in comparison to 30% self-reported lifetime neck injecting among PWID
at Malmé NEP in paper 1. While groin injection could theoretically be a causal risk
factor of SSTT due to bacterial colonization in the groin/genital area, this is not likely
to explain the association between SSTI and jugular injection. Life history of neck
injection is rather interpreted as an indicator of risk injections due to lack of distal
vein access. Neck injection has also been shown to be significantly associated with
polydrug use and secking help from a “hit doctor” (305), as well as with with female
sex, daily heroin use, daily cocaine use, requiring help injecting, and involvement in
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sex trade (306). These findings indicate that neck injection is one of several high-risk
injection behaviors that seem to be inter-related.

Receptive syringe/needle sharing was independently associated with SSTT in paper II,
which is coherent with previous research (197,199). In some cases, reused syringes or
paraphernalia may transfer bacteria (194). In most cases, however, syringe sharing
might more likely be viewed as an indicator of general high-risk behavior and is not
necessarily a direct cause of SSTI. Among female PWID in San Francisco, syringe
sharing was independently associated with young age, homelessness and having a
sexual partner who was also injecting drugs (307). A study from the southern U.S.
showed that homeless male PWID were 2.6 times more likely to report syringe
sharing compared to stably housed men when controlling for age and income (308).
Among young PWID, homelessness was a significant risk factor for being part of a
large injection network, and cross-over transience (residence in both urban and
suburban areas) was a risk factor for syringe sharing (309).

Injection behavior is a complex matter which is not easily analyzed within the
framework of medical research. PWID’s reasons for unsafe injections have rather been
assessed through qualitative research (310), and have not been addressed in the papers
in this thesis. High-risk injection, i.e. frequent or unclean injections, equipment
sharing and assisted injections are often inter-related. Behaviors and demographic
factors such as homelessness, sex, involvement in sex work, and other social factors are
likely to interfere and together increase the likelihood of bacterial infections. Johnson
et al. showed that risk injection was associated with use of prescription opioids, while
prescription opioids, tranquilizers and stimulants were misused in the context of risky
sexual behaviors among young PWID (311). Risk injections and risky sexual
behaviors are also described among people who misuse prescription drugs in New
York City (312). Among PWID in Vancouver, assisting others with injection was
associated with syringe sharing, unstable housing, frequent injection of heroin and
cocaine, and frequent use of crack cocaine (313). Potential confounders between
injection drug use and bacterial colonization among PWID, not assessed in this
thesis, are skin lesions and chronic wounds. A more refined analysis of living
conditions and clusters of bacteria among PWID would provide further clues
regarding routes of infection in this group.

Explanatory model 3: Demographic and lifestyle factors affect susceptibility

to bacterial infections

Association between higher age and MRSA (paper 1V) has been noted previously in
Swedish studies (225,294). Higher age and SSTT is associated in occasional studies
(136,196), and this association was identified in paper I even if the risk increase per

year was small (AOR 1.09, 95% CI 1.01-1.18). This finding was expected since the
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outcome variable in paper I was lifetime SSTI. While incidence of bacterial infections
such as endocarditis have been shown to increase with age in the general Swedish
population (159), a longitudinal, large-scale Australian study found that each five-
year increase in age among PWID was associated with significant reductions in the
high-risk injecting habits public injecting and needle-sharing (314). Since risky
injecting behaviors have been shown to be more common among younger PWID, age
is a complicated variable to interpret.

Female sex, which was associated with SSTT in paper I but not in paper I or III, is a
previously noted correlate of SSTT (23,138,158,195-197,201). Two suggested
models of explanation are that female PWID are at higher risk of extravasal injection
because of smaller veins (202), or that female PWID may be more likely to share
injection equipment and secking help with injection due to gender structures
(197,203). Sex work was not assessed in any of the studies included in the thesis, but
may be a potential confounder since it is associated with female sex as well as high-
risk injection practices (315). Women who are involved in sex work and use drugs are
more likely to reuse equipment and have unprotected sex (16,316), and among
female PWID, sex work has been associated with skin abscesses (158). In
international research, the prevalence of sex work among PWID is widely varying,
however more common among female PWID in studies from the U.S. (296), the
U.K. (119), and Estonia (120). In a national survey with 2,400 PWID from England,
Wales and Northern Ireland, PWID selling sex had injected longer and were
significantly more often sharing syringes and injection paraphernalia than non-sex
workers. Female sex workers had significantly higher odds than non-sex workers to
report an injection site infection in the past year (119). In a Canadian study sex work
among male PWID was independently associated with borrowing syringes (317).

Homelessness was associated with SSTT in paper III, and has been noted previously
(23,136,197-199). In the U.S., unstable housing is also shown to be associated with
unsafe injections such as equipment sharing, which is interpre