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Abstract

Background

Both skin and soft tissue infections (SSTI) and systemic bacterial infections are common in
people who inject drugs (PWID), but data on incidence and risk factors are lacking. We com-
pared registered diagnoses for such infections in Swedish criminal justice clients with regard
to injecting drug use.

Methods

Baseline interview data from the Swedish Prison and Probation Service on drug use in
PWID and non-PWID with problematic alcohol use were linked to follow-up data from
national Swedish registers on hospital diagnoses and/or death. Associations between drug
use and later diagnosis of SSTI and systemic bacterial infection (septicemia or bacterial
infection of the heart, bone/joints or central nervous system) were analyzed by Cox
regression.

Results

Incidence rates of SSTI was 28.3 per 1,000 person-years for PWID (n = 2,444) and 10.0 for
non-PWID with problematic alcohol use (n = 735). Incidence rates of systemic bacterial
infection was 9.1 per 1,000 person-years for PWID and 2.7 per 1,000 person-years for non-
PWID. Injection drug use was associated with a significantly increased risk of bacterial infec-
tions, for main drugs heroin (SSTI: Hazard ratio [HR] 2.45; systemic infection: HR 2.75),
amphetamine (SSTI: HR 1.60; systemic infection: HR 2.19), and polysubstance use (SSTI:
HR 1.92; systemic infection: HR 2.01). In relation to injection use of amphetamine and poly-
substance use, PWID mainly using heroin had higher risk of SSTI.
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Conclusions

Injection drug use predicted both SSTI and systemic bacterial infection, with a particularly
high risk of SSTI in PWID mainly using heroin. The results imply the need for increased
attention to bacterial infections among PWID, in terms of clinical management, prevention
and research.

Introduction

Bacterial skin and soft tissue infections (SSTI) are among the most common reasons for people
who inject drugs (PWID) to seek medical care [1-2]. Deep-seated, systemic infections such as
septicemia, infective endocarditis [3-4], and infections in bone and joints [5] among PWID
are considered complications of injection drug use in clinical practice, but this problem has
mainly been described in case reports. Large-scale studies regarding incidence and predictors
for such bacterial infections among PWID are lacking [1].

SSTT have been associated with injection of tissue irritating substances such as crushed tab-
lets [6], black tar heroin [7], and speedball (a mix of heroin and cocaine) [2,8], but the associa-
tion between SSTT incidence and the type of main drug has not been studied systematically.

In this study we present longitudinal data on SSTI and systemic bacterial infections among
PWID where drug injection is a potential route of bacterial infection. The analysis did not
include respiratory/urinary tract or gastrointestinal infections. For this purpose, we used regis-
ters from the Swedish criminal justice system assessing injection drug use, with linkage to
national diagnostic registers. Among clients in the criminal justice system worldwide, up to
60% are dependent on illicit drugs [9] and up to 20% report a history of injection drug use
[10]. Twenty-two percent of male and 41% of female Swedish inmates in the early 2000s have
been diagnosed with drug use disorders [11]. Systematic data on the prevalence of injection
drug use in Swedish prisoners have been reported only in older studies and from a limited
number of study participants, but where Swedish lifetime prevalence rates of injecting (25 per-
cent in a relatively small sample) were comparable to those of other European countries [12].
In contrast, the database on which the present study is based is likely to be the most systematic
reporting of the extent of injection drug use in groups of criminal justice clients with problem-
atic drug use in Sweden. In the present database, past-30-day injecting was reported by 63 and
70 percent of primary heroin and amphetamine users, respectively [13].

Specifically, we aimed to (1) investigate the incidence of SSTI, systemic bacterial infections,
and fatal bacterial infections among PWID, and (2) analyze potential predictors of SSTI and
systemic bacterial infections related to injection drug use, and injection use of specific sub-
stances in relation to each other.

Materials and methods
Study subjects

The current study includes subjects from the Swedish Prison and Probation Service, who com-
pleted an interview according to Addiction Severity Index (ASI) between 2001 and 2006. ASI
is a well-documented interview instrument for assessment of substance use and substance-
related problems in clinical settings and in the criminal justice system [14-15]. The ASI mate-
rial consists of interviews from 7,085 individuals. Approximately 6% refused the ASI interview
according to previous studies [16]. Fifty cases were excluded due to inadequate replies. The
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Total ASI sample
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6 months< of injection drug use
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n=1 excluded due to
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6 months< of injection drug use
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n=807

No or <6 months injection drug use

Main drug alcohol
n=735

Fig 1. Selection of study participants from the Addiction Severity Index (ASI) database.
https://doi.org/10.1371/journal.pone.0196944.9001

best available data describing elapsed time from intake to the criminal justice facility where the
interview took place to the interview was 60 days (median 27 days; 98% were interviewed
within one year). Baseline data from the ASI database include information regarding substance
use, medical conditions, psychiatric health and demographic variables, which have been used
in previous longitudinal studies [17].

Subjects from the ASI database were included in the study if they either had reported
regular injection drug use and main drug heroin, amphetamine or polysubstance use (two
or more main drugs, of which at least one illicit drug); or if they had denied regular injec-
tion drug use and reported alcohol as main drug (Fig 1). Regular injection drug use was
defined as self-reported regular injection drug use for at least 6 months, prior to admission
to the criminal justice facility. Main drug was assessed through the ASI multiple choice
question “Which substance is the major problem?” For individuals reporting regular injec-
tion drug use the type of main drug (heroin, amphetamine or polysubstance use) was reg-
istered. Three cases were excluded because another interview instrument than AST was
used.
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Covariates and outcome measures

All covariates were retrieved from the ASI database, and included sex, self-reported homeless-
ness past 30 days, residence in a major city (population >100,000), self-reported drug injection
past 30 days, self-reported previous overdose, self-reported hepatitis C. Incarceration was also
included as a control variable.

Follow-up data on infection outcomes and mortality were collected from two Swedish
national health registers: the National Patient Register (NPR) and the Causes of Death Register
(CDR). Information on bacterial infections was extracted from the NPR for hospital-based
inpatient and outpatient care in which physicians’ diagnoses according to International Classi-
fication of Diseases 10 (ICD-10) are registered [18]. Causes and dates of deaths were collected
from the CDR held by the Swedish National Board of Health and Welfare [19]. The CDR
includes all deceased individuals who were registered in the Swedish Population Register at
the time of death between 1961 and 2011. From 2012 the CDR includes all individuals
deceased in Sweden, including individuals not registered in the Swedish Population Register.
Ultimate and contributory causes of death are registered by physicians as diagnostic codes
according to ICD in a death certificate.

The outcome variables retrieved from the NPR included the following main and secondary
ICD-diagnoses: Infections in skin or soft tissue (ICD-codes L00-L03, L08, A46), cardiac infec-
tions (ICD-codes 130.1, 132.0, I33, 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 intra-
columnar infections (ICD-codes G00.3, G04.2, G06, G07), and septicemia (ICD-codes A40,
A41.0-A41.2). ICD-codes for infections in the respiratory/urinary tract or the gastrointestinal
system were not included. Outcome variables from the CDR included all registered deaths
during follow-up, where the ultimate or contributory cause of death was any of the ICD-10
diagnoses above.

The Prison and Probation Service and the Swedish National Board of Health and Welfare
linked ASI data with diagnosis data from 2001-2014 through national identification numbers.
Data delivered to the researchers were de-identified. All data were accessed in 2016. Data
retrieval was preceded by an opt-out procedure, through notification of the study in a free
magazine in the three major Swedish urban areas (Stockholm, Gothenburg and Malmg). No
subjects chose to opt out. The study was approved by Lund Regional Ethics Board (file number
2014/478).

Statistical analysis

For the multivariable time-to-event analyses, we used extended Cox regression models using
incarceration (including time in custody) as a time-varying covariate. The reason for this 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 prison and the time after
release from prison, until the first episode of SSTI, any systemic infection according to our
study definitions, or death, respectively. We used a robust estimator of the standard errors to
adjust for the double rows of data for each individual that served a prison sentence during the
study period. The time-scale used was the age of the study participants, which may be more
important than time-on-study in observational studies [20].

Cox regression analysis was conducted with the outcome variables 1) SSTI during follow-
up, and 2) Systemic infection during follow-up. All systemic infections were collapsed into one
variable. In order to identify both potential associations between injection drug use and infec-
tions compared to non-injection, and potential differences between injection use of certain
substances, we conducted two Cox regression models with different reference categories: Non-
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injection drug use with alcohol as main drug, and injection drug use with heroin as main drug,
respectively.

Prior to the analyses, we performed a partial model selection for each of the Cox regression
models. Based on the literature, we defined the variables main drug [2,7-8], sex [8,21], home-
lessness at baseline [6] and the time-varying variable incarceration as being of primary impor-
tance. The other variables (i.e. injection drug use in the past 30 days at baseline, living in a
metropolitan area, self-reported hepatitis C and previous overdose) were defined as being of
secondary importance. The variables of primary importance were a priori included in all anal-
yses whereas the variables of secondary importance were subjected to a backward elimination
procedure where, at each step, the variable with the highest non-significant p-value in a series
of F-tests (each using a chi squared distribution with one degree of freedom) was removed
from the model. This procedure was repeated until none of the remaining variables of second-
ary importance could be removed without weakening the model significantly. The model
selection process resulted in removal of injection drug use past 30 days as a predictor for SSTI;
and injection drug use past 30 days, being resident in a large city, and previous overdose as
predictors for systemic infection. None of the variables included in the two Cox regression
models showed significant interactions between the scaled Schoenfeld residuals and the loga-
rithm of time at the 0.05 level, indicating that there were no violations of the proportionality
assumption in either model.

We assessed all independent variables for multicollinearity. The highest bivariate correla-
tion was -0.49, between main drug amphetamine and polydrug use as main drug, which is
expected because the main drug categories were mutually exclusive. The highest bivariate cor-
relation except for between the main drug categories were 0.29 (between main drug alcohol
and hepatitis C). The calculated variance inflation factor (VIF) was highest for alcohol as main
drug at 3.63, which again is expected because the mutual exclusiveness among the main drug
categories. The highest VIF among the remaining variables was 1.44 (for hepatitis C). All mea-
sures of multicollinearity were thus well within acceptable limits.

Data preparation and statistical analyses were performed in R 3.3.2 [22]. The package
“survival” was used for estimating the Cox regression models [23]. Ten individuals were
excluded from statistical analyses due to missing information about age in the baseline
interview.

Results

Population characteristics

A total of 3,179 subjects (14% female, mean age 36.1 years [standard deviation 10.0 years], 77%
PWID) were included in the study (Table 1). Self-reported main drug was amphetamine in
40%, polysubstance use in 25%, heroin in 12%, and alcohol in 23%. Almost 25% reported
being homeless prior to baseline. Hepatitis C was reported by 62%. Median and total follow-
up time, respectively, was 9.8 years and 27,805 person-years for the outcome variable SSTI;
10.2 years and 30,175 person-years for systemic infection; and 10.3 years and 31,196 person-
years for death.

Incidence of SSTI and systemic bacterial infections

Person-time incidence rates of SSTI were 28.3 per 1,000 person-years for PWID and 10.0
per 1,000 person-years for non-PWID (Table 2), with the highest incidence rate (41.5 per
1,000 person-years) among PWID reporting heroin as main drug. Incidence rates of sys-
temic bacterial infection, according to our study definitions, were 9.1 per 1,000 person-
years for PWID and 2.7 per 1,000 person-years for non-PWID. Incidence rates among
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Table 1. Baseline characteristics. Baseline characteristics among 3,179 criminal justice clients with history of either injecting drug use (PWID) or problematic alcohol
use without injecting drug use (non-PWID). Baseline data from Addiction Severity Index interview.

Variable Total samplen |PWID'n (%) | Mainly heroinn | Mainly ampheta-minen | 2< main drugsn Non-PWID'n
(%) (%) (%) (%) (%)
Study participants 3,179 (100) 2,444 (100) 377 (100) 1,260 (100) 807 (100) 735 (100)
Prison or custody 2,608 (82) 2,120 (87) 295 (78) 1,099 (87) 726 (90) 488 (66)
Female sex 429 (14) 342 (14) 52 (14) 205 (16) 85 (11) 87 (12)
Homeless past 30 days 790 (25) 715 (29) 75 (20) 374 (30) 266 (33) 75 (10)
Resident in a large city (population 1,311 (41) 1,057 (43) 221 (59) 505 (40) 331 (41) 254 (35)
>100,000)
Self-reported hepatitis C 1,962 (62) 1,916 (78) 308 (82) 1,005 (80) 603 (75) 46 (6)
Main drug
Alcohol 735 (23) 0 0 0 0 735 (100)
Heroin 377 (12) 377 (15) 377 (100) 0 0 0
Amphetamine 1,260 (40) 1,260 (52) 0 1,260 (100) 0 0
Polysubstance use 807 (25) 807 (33) 0 0 807 (100) 0
Drug injection past 30 days 1,786 (56) 1,773 (73) 246 (65) 950 (75) 577 (72) 13 (2)
Previous overdose 1,088 (34) 1,044 (43) 241 (64) 380 (30) 423 (52) 44 (6)
Mean age in years 36.1 36.1 32.5 38.3 34.2 36.1

i = main drug heroin, amphetamine and polydrug use

ii = main drug alcohol

https://doi.org/10.1371/journal.pone.0196944.t001

PWID were 2.6 per 1,000 person-years for cardiac infection, 5.4 per 1,000 person-years for
bone/joint infection, 0.6 per 1,000 person-years for CNS infection, and 3.6 per 1,000 per-
son-years for septicemia.

Table 2. Incidence of bacterial infections. Incidence of skin and soft tissue infection (SSTI), systemic bacterial infections and fatal bacterial infections during follow-up
2001-2014. N = 3,179. Data retrieved from the National Patient Register and Causes of Death Register. Person-time incidence rates expressed as number of events per
1,000 person-years. Total follow-up time to SSTI: 27,805 person-years (median 9.8 years), to systemic infection: 30,175 person-years (median 10.2 years), and to death
31,196 person-years (median 10.3 years).

Variable Total sample PWID' Mainly heroin Mainly ampheta-mine 2< main drugs Non-PWID
Study participants (n) 3,179 2,444 377 1,260 807 735
SSTI™ 23.7 28.3 41.5 24.0 29.7 10.0
Systemic infection™ 7.6 9.1 10.4 9.5 8.0 2.7
Cardiac infection” 2.0 2.6 2.9 2.6 2.3 0.3
Bone/joint infection™ 4.7 5.4 7.3 5.4 4.7 2.1
CNS infection™ 0.5 0.6 0 0.7 0.8 0.1
Septicemia™! 3.0 3.6 43 3.8 3.1 0.7
Fatal bacterial infection 0.6 0.7 0.6 1.0 0.4 0.3
Overall mortality 14.7 14.7 21.8 124 15.3 14.6

i = main drug heroin, amphetamine and polydrug use

ii = main drug alcohol

iii = ICD-codes L00-L03, L08, A46

iv = any of the ICD-codes [iii] or [v-viii]

v = ICD-codes 130.1, 132.0, 133, 138, 139

vi = ICD-codes M00, M46.2, M46.3, M46.5, M60.0, M65.0, M65.1, M86, A48.0
vii = ICD-codes G00.3, G04.2, G06, GO7

viii = ICD-codes A40, A41.0-A41.2

https://doi.org/10.1371/journal.pone.0196944.t002
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Predictors of SSTI and systemic bacterial infections

In multivariable analysis, injection drug use with main drug heroin, amphetamine or multiple
substances was significantly associated with SSTT in the first Cox regression model (Table 3).
Homelessness, residence in a large city, previous overdose, and hepatitis C was associated with
increased risk of SSTI. Incarceration was associated with lower risk of SSTI. The second Cox
regression model showed that amphetamine and polysubstance use was associated with lower
risk of SSTT, when using heroin as the reference category.

Predictors of systemic infection in the first Cox regression model were injection drug use
with main drug heroin, amphetamine and polysubstance use (Table 4). Homelessness and
hepatitis C was associated with increased risk of systemic infection, and incarceration was
associated with decreased risk. The second Cox regression model did not show significant dif-
ferences between injection use of heroin, amphetamine and polysubstance use, with regard to
systemic infection.

Fatal bacterial infections

During follow-up, overall mortality was 14.7 per 1,000 person-years among PWID and 14.6
per 1,000 person-years among non-PWID, but fatal bacterial infections were rare causes of
death in both groups (<1.0 per 1,000 person-years; Table 3). Due to a small number of infec-
tion related fatalities, multivariable analysis was not conducted with this outcome variable.

Discussion

In this study of clients in the Swedish criminal justice system we found high incidence rates of
both SSTI and systemic bacterial infections among PWID, and both of these were significantly
associated with injecting drug use. For diagnoses where data is available for the general

Table 3. Associations with skin and soft tissue infection (SSTI) during follow-up. Cox regression analysis with
non-injection (Model 1) and heroin injection (Model 2) as reference categories. Time measured from baseline inter-
view to SSTI diagnosis. N = 3,169. Number of events = 660.

Predictor variable Model 1 (non-injection vs injection) Model 2 (heroin vs other main drug)
Hazard ratio (95% CI) Hazard ratio (95% CI)

Main drug (mutually

exclusive)
Alcohol (= non- 1 [reference] 0.41 (0.28-0.59)***
injectors)
Heroin 2.45 (1.70-3.52)*** 1 [reference]
Amphetamine 1.60 (1.16-2.20)** 0.66 (0.52-0.83)***
Polysubstance use 1.92 (1.39-2.65)*** 0.79 (0.62-1.00)*
Female sex 0.87 (0.69-1.10) 0.87 (0.69-1.10)
Homeless 30 days prior to | 1.23 (1.04-1.46)" 1.23 (1.04-1.46)*
baseline
Resident in large city 1.37 (1.17-1.60)*** 1.37 (1.17-1.60)***
Previous overdose 1.39 (1.18-1.64)*** 1.39 (1.18-1.64)***
Self-reported hepatitis C 1.43 (1.15-1.77)** 1.43 (1.15-1.77)**
Incarceration 0.61 (0.47-0.80)*** 0.61 (0.47-0.80)***

i = significant association, upper limit of confidence interval rounded off to two decimals
* p<0.05

** p<0.005

% p<0.001.

https://doi.org/10.1371/journal.pone.0196944.t003
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Table 4. Associations with systemic bacterial infection during follow-up. Cox regression analysis with non-injec-
tion (Model 1) and heroin injection (Model 2) as reference categories. Time measured from baseline interview to sys-
temic bacterial infection diagnosis (collapsed variable). N = 3,169. Number of events = 230.

Predictor variable Model 1(non-injection vs injection) Model 2(heroin vs other main drug)
Hazard ratio (95% CI) Hazard ratio (95% CI)
Main drug (mutually
exclusive)
Alcohol (= non-injectors) | 1 [reference] 0.36 (0.19-0.71)**
Heroin 2.75 (1.41-5.39)** 1 [reference]
Amphetamine 2.19 (1.20-4.02)* 0.80 (0.54-1.17)
Polysubstance use 2.01 (1.07-3.76)* 0.73 (0.48-1.11)
Female sex 0.83 (0.56-1.22) 0.83 (0.56-1.22)
Homeless 30 days prior to 1.35 (1.03-1.78)* 1.35 (1.03-1.78)*
baseline
Self-reported hepatitis C 1.58 (1.04-2.40)* 1.58 (1.04-2.40)*
Incarceration 0.36 (0.19-0.66)** 0.36 (0.19-0.66)**
* p<0.05
** p<0.005.

https://doi.org/10.1371/journal.pone.0196944.t1004

Swedish population, incidence rates among PWID were remarkably high. In the case of infec-
tive endocarditis, the incidence among PWID in this study was more than 30 times higher
than the average incidence in Sweden 1997-2007 [24]. To our knowledge, this is the first large-
scale, longitudinal register study focusing on the epidemiology of bacterial infections among
people who use drugs.

A suggested reason for the high infection rates among PWID has been abundant bacterial
colonization with Staphylococcus aureus in combination with repeated skin lesions [25]. High
injection frequency has also been associated with SSTT [8,21] further supporting bacterial
transfer from the skin as an important route of infection. For these reasons, the systemic bacte-
rial infections assessed in this study were selected based on their potential association with bac-
terial transfer from the skin through injection drug use. Future longitudinal studies with
bacteriological testing could help to clarify associations and mechanisms involved between
bacterial colonization and infections among PWID.

We observed that use of heroin, compared to other injectable drugs, was significantly asso-
ciated with SSTT. Use of black tar heroin is described as a cause or predictor of SSTT in the U.S.
[7]. Our findings are in agreement with those reported from Colorado, USA, with higher rates
of SSTT among heroin users compared to subjects using methamphetamine and cocaine [26].
In Sweden, where black tar heroin use is extremely rare, people injecting heroin have been
shown to be younger than amphetamine and polysubstance users, have higher mortality rates,
less stable housing, more criminal involvement and are more often involved in commercial
sex [13,27]. In a Swedish setting, this association might rather be explained by more severe
substance dependence and more vulnerable socio-economic situation among people injecting
heroin.

Apart from heroin use, reported history of overdose, being resident in a large city, home-
lessness and self-reported hepatitis C were independently associated with increased risk of
SSTI. Homelessness and hepatitis C were also associated with increased risk of systemic infec-
tion. Unstable housing, overdose and hepatitis C among PWID have been linked to more risky
injection practices such as needle sharing and street injection [28-30], which likely also leads
to a higher risk of bacterial infections. In a prospective longitudinal study from a Swedish
NEP, Alanko Blomé et al identified injection use of amphetamine (in contrast to heroin) to be
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significantly associated with lower odds of hepatitis C virus seroconversion [31]. The finding
that incarceration was associated with lower risk of SSTT and systemic infection may be
explained by better access to healthcare and hygiene.

The proportion of deaths due to infection was rather low in this population, which is proba-
bly due to high overall mortality through unnatural causes such as intoxication, accidents and
suicide [17]. In a longitudinal study based on Swedish register data, overall mortality after
release from prison was 6% during a median of 5 years follow-up time, with significantly
increased risk of death among previously incarcerated people with alcohol or drug dependence
[11]. The non-PWID group of the present study constituted clients with primary alcohol prob-
lems, and although beyond the scope of the present study, the comparably high rates of mortal-
ity in non-PWID, compared to the PWID group as a whole, is likely to be directly or indirectly
related to alcohol-related complications. Our study design did not allow for assessment of clin-
ical consequences and outcomes of bacterial infections recorded.

The findings in this study demonstrate the need for heightened awareness towards bacterial
infections in PWID. Bacterial infections might be prevented through improved skin and injec-
tion hygiene [32] but evidence-based data on relevant interventions is needed. Since sharing of
injection equipment has been shown to increase likelihood of SSTT 5-6 fold [33], access to
clean injection equipment for PWID can probably also help reduce the incidence of SSTI. The
findings that injection drug use in general, and injection use of heroin in particular, was associ-
ated with increased risk of bacterial infections suggest that opioid substitution treatment
(OST) could prevent these common health hazards among PWID. OST participation and
retention have been shown to be associated with improved quality of life [34] and improved
self-perceived physical health [35] among people with opioid dependence. During the years
2001-2006 when the data collection was conducted, access to clean injection equipment as
well as OST was limited. There were only two needle exchange facilities in Sweden until 2010.
Prior to 2005, OST participation was limited to PWID with at least four years of documented
intravenous opioid use, and at least three failed attempts at drug-free treatment [36]. Since the
harm reduction situation in Sweden has changed dramatically, particularly regarding OST
access, the results might have been different if the study was repeated.

This study has some limitations. No comparative analyses regarding socioeconomic condi-
tions among PWID with different drug use patterns were possible. Injection frequency, injec-
tion habits, periods of abstinence and living conditions during follow-up are likely to affect the
infection prevalence [2,6,8,21,26,33]. Potentially strong predictors of bacterial infections not
included in this study are HIV infection and diabetes mellitus. While HIV has been associated
with SSTT and endocarditis [8], we did not include self-reported HIV in the analyses, since
self-reported HIV infection is extremely rare in the ASI material (personal communication, A.
Hakansson).

The category systemic bacterial infection was analyzed as a collapsed variable based on sev-
eral groups of ICD-diagnoses where transfer of bacteria from the skin in connection to injec-
tion is a probable route of infection. A larger number of cases would have allowed more
refined analyses of specific bacterial infections, also with regard to bacteriological etiology.

While a large percentage of criminal justice clients are using drugs according to interna-
tional [9-10] and Swedish data [11], our study population might not be representative for
PWID in the community. It is plausible that PWID in the criminal system have worse health
status, as well as higher mortality than others [10-11]; however, high proportions (47%) of
PWID attending a NEP in our uptake area report imprisonment [31], and demographic data
were comparable with data from this NEP regarding distribution of sex, age and main drug
[31,37].
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Strengths of the study are the large number of included individuals, and use of register data
of high validity. The ASI data are based on self-reports, but has been shown to have high reli-
ability in previous research [38-39]. In the National Inpatient Register, main diagnosis is regis-
tered in 99% of inpatient episodes [18], and 85-95% of diagnoses were valid when comparing
with inpatient records [40]. In the CDR, 96.5% of all fatalities have information regarding
causes of death [19], with higher reliability [41] in younger individuals and in fatalities due to
unnatural causes of death (in which autopsies are routinely performed). The use of criminal
justice clients with problematic alcohol use, rather than healthy subjects, as reference group,
decreases the risk of selection bias based on socioeconomic status and incarceration. There is,
however, a possibility of misclassification, since we did not have access to data on main drug
or regular injection drug use during follow-up.

Conclusions

In this study, we show that PWID have significantly increased risk of SSTI or systemic bacte-
rial infections, compared to individuals with problematic alcohol use, with a particularly high
risk of SSTI among heroin users. These findings imply the need for increased attention to bac-
terial infections among PWID, both with regard to clinical management, prevention and
research.

Supporting information

S1 File. ICD-diagnoses supplement.
(DOC)

Acknowledgments

The authors are grateful for access to the ASI database, provided by the Swedish Prison and
Probation Service.

Author Contributions

Conceptualization: Disa Dahlman, Per Bjérkman, Anna C. Nilsson, Anders Hakansson.
Formal analysis: Disa Dahlman, Jonas Berge.

Methodology: Disa Dahlman.

Supervision: Per Bjéorkman, Anna C. Nilsson, Anders Hakansson.

Writing - original draft: Disa Dahlman.

Writing - review & editing: Jonas Berge, Per Bjérkman, Anna C. Nilsson, Anders Hakansson.

References

1. Larney S, Peacock A, Mathers BM, Hickman M, Degenhardt L. A systematic review of injecting-related
injury and disease among people who inject drugs. Drug Alcohol Depend. 2017; 171:39—49. https://doi.
org/10.1016/j.drugalcdep.2016.11.029 PMID: 28013096

2. Murphy EL, DeVita D, Liu H, Vittinghoff E, Leung P, Ciccarone DH, et al. Risk factors for skin and soft-
tissue abscesses among injection drug users: a case-control study. Clin Infect Dis. 2001; 33:35—40.
https://doi.org/10.1086/320879 PMID: 11389492

3. Ortiz-Bautista C, Lopez J, Garcia-Granja PE, Sevilla T, Vilacosta |, Sarria C, et al. Current profile of
infective endocarditis in intravenous drug users: The prognostic relevance of the valves involved. Int J
Cardiol. 2015; 187:472—4. https://doi.org/10.1016/j.ijcard.2015.03.368 PMID: 25846656

PLOS ONE | https://doi.org/10.1371/journal.pone.0196944 May 31,2018 10/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0196944.s001
https://doi.org/10.1016/j.drugalcdep.2016.11.029
https://doi.org/10.1016/j.drugalcdep.2016.11.029
http://www.ncbi.nlm.nih.gov/pubmed/28013096
https://doi.org/10.1086/320879
http://www.ncbi.nlm.nih.gov/pubmed/11389492
https://doi.org/10.1016/j.ijcard.2015.03.368
http://www.ncbi.nlm.nih.gov/pubmed/25846656
https://doi.org/10.1371/journal.pone.0196944

@° PLOS | ONE

Bacterial infections are predicted by injection drug use

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

Ruotsalainen E, Sammalkorpi K, Laine J, Huotari K, Sarna S, Valtonen V, et al. Clinical manifestations
and outcome in Staphylococcus aureus endocarditis among injection drug users and nonaddicts: a pro-
spective study of 74 patients. BMC Infect Dis. 2006; 6:137. https://doi.org/10.1186/1471-2334-6-137
PMID: 16965625

Kak V, Chandrasekar PH. Bone and joint infections in injection drug users. Infect Dis Clin North Am
2002; 16:681-95. PMID: 12371122

Dwyer R, Topp L, Maher L, Power R, Hellard M, Walsh N, et al. Prevalences and correlates of non-viral
injecting-related injuries and diseases in a convenience sample of Australian injecting drug users. Drug
Alcohol Depend. 2009; 100:9-16. https://doi.org/10.1016/j.drugalcdep.2008.08.016 PMID: 19013725

Ciccarone D, Unick GJ, Cohen JK, Mars SG, Rosenblum D. Nationwide increase in hospitalizations for
heroin-related soft tissue infections: Associations with structural market conditions. Drug Alcohol
Depend. 2016; 163:126-33. https://doi.org/10.1016/j.drugalcdep.2016.04.009 PMID: 27155756

Spijkerman IJ, van Ameijden EJ, Mientjes GH, Coutinho RA, van den Hoek A. Human immunodefi-
ciency virus infection and other risk factors for skin abscesses and endocarditis among injection drug
users. J Clin Epidemiol. 1996; 49:1149-54. PMID: 8826995

Fazel S, Bains P, Doll H. Substance abuse and dependence in prisoners: a systematic review. Addic-
tion. 2006; 101:181-91. https://doi.org/10.1111/.1360-0443.2006.01316.x PMID: 16445547

Fazel S, Baillargeon J. The health of prisoners. Lancet. 2011; 377:956-65. https://doi.org/10.1016/
S0140-6736(10)61053-7 PMID: 21093904

Chang Z, Lichtenstein P, Larsson H, Fazel S. Substance use disorders, psychiatric disorders, and mor-
tality after release from prison: a nationwide longitudinal cohort study. Lancet Psychiatry. 2015; 2
(5):422-30. https://doi.org/10.1016/S2215-0366(15)00088-7 PMID: 26360286

Rotily M, Weilandt C, Bird SM, Kéll K, Van Haastrecht HJ, landolo E, et al. Surveillance of HIV infection
and related risk behaviour in European prisons. A multicentre pilot study. Eur J Public Health. 2001; 11
(3):243-50. PMID: 11582600

Hakansson A, Schlyter F, Berglund M. Characteristics of primary amphetamine users in Sweden: a
criminal justice population examined with the Addiction Severity Index. Eur Addict Res. 2009; 15:10-8.
https://doi.org/10.1159/000173004 PMID: 19052458

McLellan AT, Cacciola JC, Alterman Al, Rikoon SH, Carise D. The Addiction Severity Index at 25: ori-
gins, contributions and transitions. Am J Addict. 2006; 15:113-24.

Tengvald K, Andrén A, Bergman H, Engstrom C, Nystréom S, Sallmén B, et al. Implementing the Addic-
tion Severity Index (ASI) in Swedish human services sectors: Experiences, problems and prospects. J
Subst Use. 2004; 9:163-71.

Hakansson A, Schlyter F, Berglund M. Associations between polysubstance use and psychiatric prob-
lems in a criminal justice population in Sweden. Drug Alcohol Depend. 2011; 118:5-11. https://doi.org/
10.1016/j.drugalcdep.2011.02.014 PMID: 21419580

Hakansson A, Berglund M. All-cause mortality in criminal justice clients with substance use problems—
a prospective follow-up study. Drug Alcohol Depend. 2013; 132:499-504. https://doi.org/10.1016/j.
drugalcdep.2013.03.014 PMID: 23623042

The Swedish National Board of Health and Welfare. The National Patient Register. Available at: http://
www.socialstyrelsen.se/register/halsodataregister/patientregistret/inenglish. Accessed 21 March 2017.

The Swedish National Board of Health and Welfare. Dodsorsaksstatistik—Historik, produktionsmetoder
och tillférlitlighet. Artikelnr 2010-4-33. Stockholm 2010. [Report in Swedish] Available at: http://www.
socialstyrelsen.se/Lists/Artikelkatalog/Attachments/18019/2010-4-33.pdf. Accessed 2 March 2017.

Kleinbaum DG, Klein M. Survival Analysis: A Self-Learning Text, Third Edition (Statistics for Biology
and Health). New York: Springer, 2012.

Hope V, Kimber J, Vickerman P, Hickman M, Ncube F. Frequency, factors and costs associated with
injection site infections: findings from a national multi-site survey of injecting drug users in England.
BMC Infect Dis. 2008; 8:120. https://doi.org/10.1186/1471-2334-8-120 PMID: 18801177

R Core Team. R: A language and environment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. 2016. Available at: https://www.R-project.org/. Accessed 2 March 2017.

Therneau T. A Package for Survival Analysis in S. version 2.38. 2015. Available at: http:/CRAN.R-
project.org/package=survival. Accessed 2 March 2017.

Ternhag A, Cederstrom A, Torner A, Westling K. A nationwide cohort study of mortality risk and long-
term prognosis in infective endocarditis in Sweden. PLoS One. 2013; 8:e67519. https://doi.org/10.
1371/journal.pone.0067519 PMID: 23861768

Kluytmans J, van Belkum A, Verbrugh H. Nasal carriage of Staphylococcus aureus: epidemiology,
underlying mechanisms, and associated risks. Clin Microbiol Rev. 1997; 10:505-20. PMID: 9227864

PLOS ONE | https://doi.org/10.1371/journal.pone.0196944 May 31,2018 11/12


https://doi.org/10.1186/1471-2334-6-137
http://www.ncbi.nlm.nih.gov/pubmed/16965625
http://www.ncbi.nlm.nih.gov/pubmed/12371122
https://doi.org/10.1016/j.drugalcdep.2008.08.016
http://www.ncbi.nlm.nih.gov/pubmed/19013725
https://doi.org/10.1016/j.drugalcdep.2016.04.009
http://www.ncbi.nlm.nih.gov/pubmed/27155756
http://www.ncbi.nlm.nih.gov/pubmed/8826995
https://doi.org/10.1111/j.1360-0443.2006.01316.x
http://www.ncbi.nlm.nih.gov/pubmed/16445547
https://doi.org/10.1016/S0140-6736(10)61053-7
https://doi.org/10.1016/S0140-6736(10)61053-7
http://www.ncbi.nlm.nih.gov/pubmed/21093904
https://doi.org/10.1016/S2215-0366(15)00088-7
http://www.ncbi.nlm.nih.gov/pubmed/26360286
http://www.ncbi.nlm.nih.gov/pubmed/11582600
https://doi.org/10.1159/000173004
http://www.ncbi.nlm.nih.gov/pubmed/19052458
https://doi.org/10.1016/j.drugalcdep.2011.02.014
https://doi.org/10.1016/j.drugalcdep.2011.02.014
http://www.ncbi.nlm.nih.gov/pubmed/21419580
https://doi.org/10.1016/j.drugalcdep.2013.03.014
https://doi.org/10.1016/j.drugalcdep.2013.03.014
http://www.ncbi.nlm.nih.gov/pubmed/23623042
http://www.socialstyrelsen.se/register/halsodataregister/patientregistret/inenglish
http://www.socialstyrelsen.se/register/halsodataregister/patientregistret/inenglish
http://www.socialstyrelsen.se/Lists/Artikelkatalog/Attachments/18019/2010-4-33.pdf
http://www.socialstyrelsen.se/Lists/Artikelkatalog/Attachments/18019/2010-4-33.pdf
https://doi.org/10.1186/1471-2334-8-120
http://www.ncbi.nlm.nih.gov/pubmed/18801177
https://www.R-project.org/
http://CRAN.R-project.org/package=survival
http://CRAN.R-project.org/package=survival
https://doi.org/10.1371/journal.pone.0067519
https://doi.org/10.1371/journal.pone.0067519
http://www.ncbi.nlm.nih.gov/pubmed/23861768
http://www.ncbi.nlm.nih.gov/pubmed/9227864
https://doi.org/10.1371/journal.pone.0196944

@° PLOS | ONE

Bacterial infections are predicted by injection drug use

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

M,

Phillips KT, Stein MD. Risk practices associated with bacterial infections among injection drug users in
Denver, Colorado. Am J Drug Alcohol Abuse. 2010; 36:92—7. https://doi.org/10.3109/
00952991003592311 PMID: 20337504

Richert T, Mansson SA, Laanemets L. Kvinnor som injicerar heroin respektive amfetamin—Skillnader i
social situation, erfarenhet av behandling och 6nskemal om hjalp. Socialvetenskaplig Tidskrift. 2011;
18:144-64 [article in Swedish].

Des Jarlais DC, Braine N, Friedmann P. Unstable housing as a factor for increased injection risk behav-
ior at US syringe exchange programs. AIDS Behav. 2007; 11(6 Suppl):78-84. https://doi.org/10.1007/
$10461-007-9227-6 PMID: 17447132

Kerr T, Fairbairn N, Tyndall M, Marsh D, Li K, Montaner J, et al. Predictors of non-fatal overdose among
a cohort of polysubstance-using injection drug users. Drug Alcohol Depend. 2007; 87(1):39—45. https:/
doi.org/10.1016/j.drugalcdep.2006.07.009 PMID: 16959438

Aitken CK, Agius PA, Higgs PG, Stoové MA, Bowden DS, Dietze PM. The effects of needle-sharing and
opioid substitution therapy on incidence of hepatitis C virus infection and reinfection in people who inject
drugs. Epidemiol Infect. 2017; 145(4):796—801. https://doi.org/10.1017/S0950268816002892 PMID:
27927256

Blomé MA, Bjérkman P, Flamholc L, Jacobsson H, Molnegren V, Widell A. Minimal transmission of HIV
despite persistently high transmission of hepatitis C virus in a Swedish needle exchange program. J
Viral Hepat. 2011; 18(12):831-9. https://doi.org/10.1111/j.1365-2893.2010.01400.x PMID: 21114587

Phillips KT, Altman JK, Corsi KF, Stein MD. Development of a risk reduction intervention to reduce bac-
terial and viral infections for injection drug users. Subst Use Misuse. 2013; 48:54—64. https://doi.org/10.
3109/10826084.2012.722159 PMID: 23017057

Dahlman D, Hakansson A, Kral AH, Wenger L, Ball EL, Novak SP. Behavioral characteristics and injec-
tion practices associated with skin and soft tissue infections among people who inject drugs: A commu-
nity-based observational study. Subst Abus. 2017; 38:105—12. https://doi.org/10.1080/08897077.2016.
1263592 PMID: 27897966

Mitchell SG, Gryczynski J, Schwartz RP, Myers CP, O’Grady KE, Olsen YK, et al. Changes in Quality of
Life following Buprenorphine Treatment: Relationship with Treatment Retention and lllicit Opioid Use. J
Psychoactive Drugs. 2015; 47(2):149-57. https://doi.org/10.1080/02791072.2015.1014948 PMID:
25950595

Padaiga Z, Subata E, Vanagas G. Outpatient methadone maintenance treatment program. Quality of
life and health of opioid-dependent persons in Lithuania. Medicina (Kaunas). 2007; 43(3):235—41.

SOSFS 2004:8. Socialstyrelsens féreskrifter och allménna rad om lakemedelsassisterad behandling
vid opiatberoende.

Hakansson A, Medvedeo A, Andersson M, Berglund M. Buprenorphine misuse among heroin and
amphetamine users in Malmo, Sweden: purpose of misuse and route of administration. Eur Addict Res.
2007; 13:207—-15. https://doi.org/10.1159/000104883 PMID: 17851242

Stoffelmayr BE, Mavis BE, Kasim RM. The longitudinal stability of the Addiction Severity Index. J Subst
Abuse Treat. 1994; 11:373-8. PMID: 7966508

Nystrom S, Andren A, Zingmark D, Bergman H. The reliability of the Swedish version of the Addiction
Severity Index (ASI). J Subst Use. 2010; 15(5):330-9.

Ludvigsson JF, Andersson E, Ekbom A, Feychting M, Kim JL, Reuterwall C, et al. External review and
validation of the Swedish national inpatient register. BMC Public Health. 2011; 11:450. https://doi.org/
10.1186/1471-2458-11-450 PMID: 21658213

Johansson LA, Bjérkenstam C, Westerling R. Unexplained differences between hospital and mortality
data indicated mistakes in death certification: an investigation of 1,094 deaths in Sweden during 1995. J
Clin Epidemiol. 2009; 62:1202-9. https://doi.org/10.1016/j.jclinepi.2009.01.010 PMID: 19364635

PLOS ONE | https://doi.org/10.1371/journal.pone.0196944 May 31,2018 12/12


https://doi.org/10.3109/00952991003592311
https://doi.org/10.3109/00952991003592311
http://www.ncbi.nlm.nih.gov/pubmed/20337504
https://doi.org/10.1007/s10461-007-9227-6
https://doi.org/10.1007/s10461-007-9227-6
http://www.ncbi.nlm.nih.gov/pubmed/17447132
https://doi.org/10.1016/j.drugalcdep.2006.07.009
https://doi.org/10.1016/j.drugalcdep.2006.07.009
http://www.ncbi.nlm.nih.gov/pubmed/16959438
https://doi.org/10.1017/S0950268816002892
http://www.ncbi.nlm.nih.gov/pubmed/27927256
https://doi.org/10.1111/j.1365-2893.2010.01400.x
http://www.ncbi.nlm.nih.gov/pubmed/21114587
https://doi.org/10.3109/10826084.2012.722159
https://doi.org/10.3109/10826084.2012.722159
http://www.ncbi.nlm.nih.gov/pubmed/23017057
https://doi.org/10.1080/08897077.2016.1263592
https://doi.org/10.1080/08897077.2016.1263592
http://www.ncbi.nlm.nih.gov/pubmed/27897966
https://doi.org/10.1080/02791072.2015.1014948
http://www.ncbi.nlm.nih.gov/pubmed/25950595
https://doi.org/10.1159/000104883
http://www.ncbi.nlm.nih.gov/pubmed/17851242
http://www.ncbi.nlm.nih.gov/pubmed/7966508
https://doi.org/10.1186/1471-2458-11-450
https://doi.org/10.1186/1471-2458-11-450
http://www.ncbi.nlm.nih.gov/pubmed/21658213
https://doi.org/10.1016/j.jclinepi.2009.01.010
http://www.ncbi.nlm.nih.gov/pubmed/19364635
https://doi.org/10.1371/journal.pone.0196944

