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Skin and soft tissue infections 
among people who inject drugs

People who inject drugs constitute a vulnerable group in 
society, who often suffer from poor physical health. Viral 
bloodborne infections such as HIV and hepatitis C in this 
group have gained substantial scientific and clinical inte-
rest. However, there are other infectious complications to 
injection drug use that are common but haven’t received 
the same attention. This thesis concerns one such health 
hazard, namely bacterial skin and soft tissue infections. 
To what extent are people who inject drugs subject to 

bacterial infections and colonization? Is it possible to identify behaviors or 
characteristics that increase the risk for infections of this kind? By answering 
these questions, the thesis ultimately aims to support the development of 
evidence based interventions to prevent bacterial infections among people 
who inject drugs. This has the potential to both raise the quality of life among 
the affected individuals, and cut costs within the public health care system. 

Disa Dahlman (MD, MA) works in primary health care in Malmö, Sweden, and 
is involved in the development of low-threshold primary health care provided 
to patients in opioid substitution treatment.
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Figure 1. Prevalence of injection drug use and national drug use patterns in Sweden and the U.S.  
 
1
 United Nations Office on Drugs and Crime, World Drug Report 2016. 

2
 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). 

3
 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). 
4
 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). 

5
 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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Figure 2. Overview of mortality and morbidity among PWID.  
 
Illustration: Caroline Mannerfelt. 

1
 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). 

3
 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). 
5
 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). 

6
 United Nations Office on 

Drugs and Crime, World Drug Report 2016. 
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Table 1. Overview of bacterial infections among people who inject drugs (PWID). 

 

Type of infection Statistical association with 
injection drug use 

Lifetime prevalence among 
PWID 

   

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

Septicemia Yes
1
 (132) 2–10% (131)

3
 

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
 

 
1
 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.  

4
 Studies from Australia, the U.K., the U.S., Iran and Denmark.  

5
 Studies from Australia and the U.S.  

6
 Studies from Portugal, Hungary, Switzerland, Spain, India, Thailand, Malaysia, Iran, Taiwan, Brazil and the U.S. 
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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. 

 Factors associated with skin and soft tissue infections (SSTI) 

  

CONTEXTUAL FACTORS  

Demographic 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) 

Medical HIV-status (23,158) 

Hepatitis C-status (196,199) 

Recent overdose (199,200) 

INJECTION RELATED FACTORS  

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

Methamphetamine smoking (138) 

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

Heroin use
1
 (195)  

Non-powder injection (136)  

Injection of both opioids and stimulants (198) 

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

Injection site cleaning frequency (135,139,140,195,196,200) 

Hand washing frequency before injecting
2 
(136) 

Injection related Injection in the groin
1
 (196); injection in the neck

1
 (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

1
 (135,195) 

Subcutaneous/intramuscular injection (135,139,140,195) 

Syringe sharing (197,199)   

 
1
 Bivariate association only.  

2
 Association with injection-related injuries and diseases including but not limited to SSTI. 
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Figure 3. Overview of routes of bacterial infection among people who inject drugs.  
 
Illustration: 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).   
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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 I Paper II Paper III Paper IV Paper V 

      

STUDY DESIGN      

Type of study Cross-
sectional 

Cross-
sectional 

Longitudinal
prospective, 
cohort 

Longitudinal
retro-
spective  

Cross-
sectional 

Follow-up time NA NA Up to 14 
years 

17 years NA 

Control subjects No No Yes Yes Yes 

      

DATA 
COLLECTION 

     

Data type Interview Interview Register Register Sampling 

Outcome 
variable(s) 

Lifetime 
SSTI 

Past month 
SSTI 

SSTI; 
systemic 
infection  

MRSA  S. aureus 
detection 

Covariate 
selection 

Bivariate 
analysis 

Bivariate 
analysis 

Model 
selection 

Pre-
identified 

Bivariate 
analysis 

Validated data 
collection

1
 

No No Yes Yes NA 

Reliability tested 
data collection

2
 

No No Yes No No 

      

STATISTICS      

Multivariate 
analysis 

Logistic 
regression 

Logistic 
regression 

Cox 
regression 

GEE Logistic 
regression 

Covariates 
tested for 
multicollinearity 

No Yes Yes Yes No 

 
1
 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 III 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 III.  
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Figure 4. Flow chart showing selection of study subjects to paper III.  
 
ASI, Addiction Severity Index; ADAD, Adolescent Drug Abuse Diagnosis. 
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Table 4. Demographic and drug use characteristics of cases and controls in paper I–V. 

Data representing number of individuals, median/mean age, and percentage of valid numbers. Study subjects were 
PWID in paper I–III 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 Paper I Paper II Paper III Paper IV Paper V 

      

Study participants 
(n) 

80 201 3,179 73,201 109 

      

Study subjects      

Nr of study 
subjects/PWID 

80 201 2,444 1,581–
7,332

3
 

49 

Age in years, 
median/mean  

45 
(median) 

44 
(median) 

36     
(mean) 

36–37
4
 

(median) 
48 
(median) 

Female sex  30% 23% 14% 33–35%
5
 31% 

Unstable housing 
past 30 days 

- 64% 29%  - 16% 

Main drug heroin
1
 49% NA

2
 15% - 22% 

Main drug opioids
1
 - - - 60–82%

3
 - 

Main drug 
amphetamine

1
 

39% NA
2
 52% 17–36%

3
 61% 

Main drug heroin + 
amphetamine

1
 

7% - - - 4% 

Main drug opioids + 
amphetamine

1
 

- - - 2–5%
3
 - 

Other main drug
1
 5% - 33% - 12% 

Lifetime injection of 
non-powder drugs  

70% - - - - 

Past 6 months 
injection of non-
powder drugs  

- 11% - - - 

      

Control subjects      

Nr of controls 0 0 735 9,676–
22,708

3
 

60 

Age in years, 
median/mean  

  36    
(mean) 

52 
(median) 

52 
(median) 

Female sex    12% 27% 32% 

Unstable housing 
past 30 days 

  10%  - - 

 
1
 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 III 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. 
5
 33% in patients with opioid dependence, 35% in patients with amphetamine dependence.  
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Table 5. Skin and soft tissue infections among people who inject drugs: Paper I–III. 

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

Characteristic Paper I Paper II Paper III 

    

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%
1
 11% - 

SSTI incidence rate per 1,000 
person-years 

- - 28.3
2
 

    

Control subjects (n) 0 0 735 

SSTI incidence rate per 1,000 
person-years 

  10.0 

 
1
 14% of n=65 recent (past 30 days) injectors. 

2
 SSTI 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.  
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Table 6. Correlates and predictors of SSTI in multivariate analyses: Paper I–III. 

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

Characteristic Paper I 

AOR (95% CI) 

Paper II 

AOR (95% CI) 

Paper III 

HR (95% CI) 

    

Study participants (n) 80 200 3,169 

Statistical test Logistic regression Logistic regression Cox regression 

Outcome variable Lifetime SSTI Past 30 days SSTI SSTI diagnosis 
during follow-up 

    

Demographics    

Age (years) 1.09 (1.01–1.18)* - - 

Incarceration - - 0.61 (0.47–0.80)*** 

Female sex  6.75 (1.40–32.47)* - NS 

Homelessness - - 1.23 (1.04–1.46)* 

Residence in large city - - 1.37 (1.17–1.60)*** 

Lifetime overdose - - 1.39 (1.18–1.64)*** 

Self-reported hepatitis C - - 1.43 (1.15–1.77)** 

    

Main drug    

Heroin vs. alcohol
1
 - - 2.45 (1.70–3.52)*** 

Amphetamine vs. alcohol
1
 - - 1.60 (1.16–2.20)** 

Polysubstance use vs. alcohol
1
 - - 1.92 (1.39–2.65)*** 

Amphetamine vs. heroin
2
 - - 0.66 (0.52–0.83)*** 

Polysubstance use vs. heroin
2
 - - 0.79 (0.62–1.00

6
)* 

    

Injection habits    

Needle-licking past 30 days
3
 - NS - 

Infrequent skin cleaning
3
  - NS - 

Neck injection ever 8.08 (1.16–56.08)* - - 

Non-powder injection ever 52.15  

(5.17–525.67)** 

- - 

Non-powder inj. past 6 months
4
 - NS - 

Assisted injection past 30 days
4
 - NS - 

Receptive syringe/needle 
sharing past 30 days

5
 

- 6.38 (1.90–21.46)** - 

Nr of injections past 30 days
5
 - 1.01 (1.00–1.03)* - 

 
1
 Paper III, model 1: Alcohol used as reference category for the variable Main drug. 

2
 Paper III, model 1: Heroin used as reference category for the variable Main drug. 

3
 Paper II, model 1: Adjusted for hygiene variables. Receptive syringe/needle sharing AOR 5.33*. 

4
 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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Table 7. Incidence of systemic and fatal bacterial infections: Paper III. 

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
1
 Amphet-

amine
1
 

Polysub-
stance 
use

1
 

PWID
2
 Non-

injecting 
controls

3
 

      

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

      

Systemic bacterial 
infection 

10.4 9.5 8.0 9.1 2.7 

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 
system infection 

0 0.7 0.8 0.6 0.1 

Septicemia  4.3 3.8 3.1 3.6 0.7 

      

Fatal bacterial 
infection 

0.6 1.0 0.4 0.7 0.3 

 
1
 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.  

3
 All control subjects had reported problematic alcohol use. 
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Table 8. Predictors of systemic bacterial infection: Paper III.  

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; CI, 
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
1
 2.75 (1.41–5.39)** 

Amphetamine vs. alcohol
1
  2.19 (1.20–4.02)* 

Polysubstance use vs. alcohol
1
 2.01 (1.07–3.76)* 

Amphetamine vs. heroin
2
 NS 

Polysubstance use vs. heroin
2
  NS 

 
1
 Paper III, model 1: Alcohol used as reference category for the variable Main drug. 

2
 Paper III, 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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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 dependence
1
 944  1,284  1,979  4,672  5,997  

Amphetamine 
dependence

1
 

563  512  804  1,322  1,219  

Alcohol dependence
2
 9,676  10,149  14,404  20,374  22,708  

      

MRSA cases, n (%)
3
       

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 
cases in Sweden

4
 

NA
5
 NA

5
 709 1,480 2,454 

      

Percent change of 
MRSA cases

6
, % 

     

Opioid dep.   NA 100% 130% 357% 

Amphetamine dep.   50% -33% 50% 267% 

Alcohol dep.   -30% 300% 75% 102% 

Nr of notified MRSA 
cases in Sweden

4
 

   109% 66% 

 
1
 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.  

6
 Percent change from previous measurement in number of MRSA cases. 
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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; CI, confidence interval; ICD, 
International Classification of Diseases; NS, not significant. 

Characteristic AOR (95% CI) 

  

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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Table 11. Bacterial colonization pattern with Staphylococcus aureus (S. aureus). 

Cases were people who inject drugs (PWID) participating in Malmö needle exchange program (n=49). Controls were 
non-injectors from inpatient wards at Malmö 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; CI, 
confidence interval; NS, not significant. 

S. aureus  

colonization site 

Cases  

n (%) 

 

Controls  

n (%) 

Unadjusted OR 
(95% CI) 

AOR  

(95% CI)
3
 

     

Any body site  29 (67%) 30 (50%) 2.07 (0.92–4.68)
+
 NS 

Nares  20 (41%) 21 (35%) NS  

Throat 18 (37%) 20 (33%) NS  

Perineum 13 (37%)
1
 10 (17%) 2.96 (1.13–7.75)* 4.01 (1.34–12.03)* 

Skin lesions 7 (15%)
2
 1 (2%)

2
 NS  

     

One body site 8 (23%)
1
 13 (22%) NS  

Nares only 1 (3%)
1
 4 (7%)   

Throat only 4 (11%)
1
 7 (12%)   

Perineum only 3 (9%)
1
 2 (3%)   

     

Two body sites 7 (20%)
1
 13 (22%) NS  

Nares and throat 2 (6%)
1
 9 (15%)   

Nares and perineum 4 (11%)
1
 4 (7%)   

Throat and perineum  1 (3%)
1
 0   

     

Three body sites 
Nares, throat, perineum 

5 (14%)
1
 4 (7%) NS  

 
1
 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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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 I–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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People who inject drugs constitute a vulnerable group in 
society, who often suffer from poor physical health. Viral 
bloodborne infections such as HIV and hepatitis C in this 
group have gained substantial scientific and clinical inte-
rest. However, there are other infectious complications to 
injection drug use that are common but haven’t received 
the same attention. This thesis concerns one such health 
hazard, namely bacterial skin and soft tissue infections. 
To what extent are people who inject drugs subject to 

bacterial infections and colonization? Is it possible to identify behaviors or 
characteristics that increase the risk for infections of this kind? By answering 
these questions, the thesis ultimately aims to support the development of 
evidence based interventions to prevent bacterial infections among people 
who inject drugs. This has the potential to both raise the quality of life among 
the affected individuals, and cut costs within the public health care system. 
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