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In England, UK, hospital admissions caused by bacterial 
infections associated with opioid use have increased annu-
ally since 2012, after 9 years of decline, mirroring trends in 
overdose deaths. The increase occurred among persons of 
both sexes and in all age groups and suggests preventive 
measures need reviewing.

In the United Kingdom, opioid overdose deaths have in-
creased substantially, linked to increasing purity of street 

heroin and an aging cohort of persons who inject drugs 
(PWID) (1). PWID also are at risk for skin, soft tissue, and 
vascular infections (SSTVI), and one third of PWID in the 
United Kingdom report symptoms of an injection-site in-
fection within the previous year (2). Outbreaks and clus-
ters of bacterial infections among PWID are documented 
in the United Kingdon (3,4). Most infections are caused by 
staphylococci and other commensal gram-positive bacteria 
entering the body at injecting sites. Abscesses and phlebitis 
are common (5,6) and can lead to invasive infections. Data 
from a London hospital suggest that such skin and soft tis-
sue infections cause 58% of hospital admissions in PWID, 
and treatment typically costs several times more than in-
fections in other groups (5). Because little is known about 
SSTVI trends among PWID over time, we used routine 
data from all National Health Service hospitals in England 
to describe hospital admissions for this group.

The Study
We used the Hospital Episode Statistics for England da-
taset and included all admissions from April 5, 1997, 
through April 4, 2016, for patients 15–55 years of age. 
As the most common injecting-related problems (6), we 
included admissions with a primary (or first-listed) cause 
of cutaneous abscess (International Classification of Dis-
eases, Tenth Revision, code L02*), cellulitis (L03*), and 
phlebitis or thrombophlebitis (I80*). We also included 
admissions where the first-listed cause was endocarditis 

(I011, I39*, I330, 1400, I410), septicemia (A40*, A41*), 
osteomyelitis or septic arthritis (M86*, M00*, M465), 
or necrotizing fasciitis (M762) and grouped these as in-
vasive infections. Because patients might have multiple 
episodes of care within 1 admission, we included only 
first episodes. Age, sex, year of admission, all diagnostic 
fields, and duration of admission were extracted. Public 
Health England provided the data.

Hospital Episode Statistics do not report whether a 
patient injects drugs. Previous studies have identified pa-
tients who use drugs as those with a drug-related diag-
nosis in any diagnostic field (7,8). We identified patients 
with “injecting-related” infections as those with a rele-
vant infection in the primary diagnostic field and “mental 
and behavioral disorders due to opioid use” (F11*) in any 
other diagnostic field, because most PWID in the United 
Kingdom inject an opioid (9). 

We counted injecting-related and non–injecting-relat-
ed admissions and stratified them by year and patient sex 
and age group (15–34, 35–44, and 45–55 years). We also 
tested whether injecting-related infections were associated 
with longer hospitalization by using a zero-inflated negative 
binomial model (10) (online Technical Appendix, https://
wwwnc.cdc.gov/EID/article/23/8/17-0439-Techapp1.pdf).

During 1997–2016, a total of 1,052,444 hospital ad-
missions were caused by SSTVIs, of which 63,671 (6%) 
were injecting-related. One third (35%) of injecting-related 
admissions had a primary cause of cutaneous abscess, 32% 
phlebitis, 23% cellulitis, 4% septicemia, 4% osteomyelitis 
or septic arthritis, 2% endocarditis, and 0.2% necrotizing 
fasciitis. Patients with injecting-related infections were 
younger and more likely to live in deprived neighborhoods, 
and a minority were female (Table).

The number of injecting-related admissions increased 
by 33% per year (compound annual growth rate) from 
1997–98 through 2003–04 (Figure 1); relative increases 
were similar in each age group. The total number then de-
creased each year from 2003–04 through 2012–13; rela-
tive changes differed by age group. Admissions reduced 
by 15% per year for 15–34-year-olds, remained approxi-
mately constant for 35–44-year-olds, and increased by 
5% per year for 45–55-year-olds. From 2012–13 through 
2015–16, the total number of injecting-related admissions 
increased each year in all age groups. The largest rela-
tive increase was for 45–55-year-olds (18% per year). The 
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number of non–injecting-related admissions increased 
throughout the period; relative increases were similar for 
each age group and for men and women (online Technical 
Appendix Figure 1).

As a sensitivity analysis, we excluded admissions 
within 7 days after discharge, which totaled 4,389 (7%) 
injecting-related admissions. This exclusion did not change 
the overall trend (online Technical Appendix).

Injecting-related admissions were longer than non–in-
jecting-related admissions. The difference varied by cause 
of admission; differences were larger for admissions caused 
by cutaneous abscess or by invasive infections (Figure 2).

Conclusions
Our analysis of hospital data shows a substantial increase 
in episodes of serious infection among PWID since 2012. 
Increases occurred in all age groups and for both men and 
women. Community surveys have not indicated such a 
large increase in the prevalence of symptoms of injection-
site infections (9), suggesting that the increase might be 
confined to more severe infections.

The temporal trend found here for bacterial infections 
mirrors that for opiate overdose–related deaths in England 
and Wales, which increased sharply from the early 1990s 
until 2001, decreased gradually until 2012, and then in-
creased again (1). Explanations given for the recent in-
crease in overdoses include an aging cohort of PWID, 
increasing purity of street heroin, and an increased focus 
by addiction services on treatment completions, includ-
ing reducing the number of patients on long-term opioid 
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Table. Demographic characteristics of patients with skin, soft 
tissue, and vascular infections, England, UK, April 5, 1997–April 
4, 2016* 

Characteristic 

Patients with 
injecting-related 

infections 

Patients with 
non–injecting-

related infections 
Median age, y (IQR)   
 All 34 (29–39) 40 (30–48) 
  M 34 (30–40) 40 (31–48) 
  F 32 (27–37) 39 (29–48) 
 By year   
  2000–01 31 (27–36) 39 (30–48) 
  2005–06 32 (28–37) 39 (30–47) 
  2010–11 35 (30–41) 40 (30–48) 
  2015–16 38 (33–43) 41 (30–49) 
Female sex, %   
 All 28 44 
 By age group, y   
  15–34 32 45 
  35–44 23 42 
  45–54 22 43 
Neighborhood deprivation quintile, %  
 1 (least deprived) 5 21 
 2 10 21 
 3 16 20 
 4 25 20 
 5 (most deprived) 44 19 
*Selected years are shown for brevity. Patients with injecting-related 
infections were younger for both sexes and in each year (p<0.001, 
Wilcoxon rank-sum tests). A smaller proportion of patients with injecting-
related infections were female for all age groups (p<0.001, 2 tests). Age 
group was associated with sex for both injecting-related and non–injecting-
related infections (p<0.001, 2 tests). A linear trend described the 
proportion of injecting-related admissions in each deprivation quintile 
better than no trend (p = 0.009) but not for non–injecting-related admission 
(p = 0.504). Neighborhood deprivation was the UK Department for 
Community and Local Government’s Index of Multiple Deprivation 2004. 
IQR, interquartile range. 

 

Figure 1. Number of hospital admissions caused by injecting-related bacterial infections, by age group, England, UK, April 5, 1997–April 
4, 2016.
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substitution therapy (1,11). These factors also might con-
tribute to the increase in bacterial infections. Older PWID 
may lose venous access; miss veins more often when try-
ing to inject (12); and use less accessible and more heav-
ily colonized injection sites, such as the femoral vein (13), 
leading to more infections. These persons also might have 
worse immunity and poorer underlying health. An aging 
cohort of PWID is unlikely to explain the entire increase, 
however, because increases occurred in all age groups. 
The role of changes to addiction services and street heroin 
purity are potential areas for further research.

Additional factors might be contributing to the in-
crease. Opiate users may have started to inject recently 
emerged psychoactive drugs, which are associated with 
increased risk for serious bacterial infection (14), although 
the injection of these drugs remains relatively uncommon 
in the United Kingdom (9). Primary care services might 
have become less accessible to PWID, leading to a greater 
proportion of infections becoming serious and requiring 
hospitalization. In London, drug preparation using citric 
acid has been documented to result in highly acidic heroin 
mixtures (15), potentially precipitating venous damage and 
infections. Finally, the increase in infections could indicate 
that the population of PWID has grown since 2012, but 
little evidence exists with which to test this possibility.

A limitation of our study is that Hospital Episode 
Statistics do not record whether patients inject drugs, and 
therefore a proxy was used. The data are likely to underes-
timate the true number of SSTVI in PWID because hospi-
tals might not always include the opioid-related diagnostic 
code when PWID are admitted.

Illnesses and deaths from bacterial infections in PWID 
are more difficult to measure than overdoses because bacte-
rial infections are not specific to drug use. The increasing 
number of serious infections shown by these data suggests 
a need for more active surveillance. Preventive measures 
also need to be considered, including improving access and 
adherence to wound care and antimicrobial drug regimens, 
reducing the acidity of heroin preparations, and ensuring 
accessibility of opioid substitution therapy and sterile in-
jecting equipment.
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with the London, Kent, Surrey, and Sussex Deanery, and a  
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for public health research.

References
  1. Office for National Statistics. Statistical bulletin: deaths related  

to drug poisoning in England and Wales: 2015 registrations.  
2016 [cited 2017 Mar 15]. https://www.ons.gov.uk/ 
peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/
bulletins/deathsrelatedtodrugpoisoninginenglandandwales/2015reg
istrations/pdf

  2. 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. http://dx.doi.
org/10.1186/1471-2334-8-120

  3. Bundle N, Bubba L, Coelho J, Kwiatkowska R, Cloke R, King S,  
et al. Ongoing outbreak of invasive and non-invasive disease due 
to group A streptococcus (GAS) type emm66 among homeless 
and people who inject drugs in England and Wales, January to 
December 2016. Euro Surveill. 2017;22:30446. http://dx.doi.org/ 
10.2807/1560-7917.ES.2017.22.3.30446

  4. Centers for Disease Control and Prevention. Update: Clostridium 
novyi and unexplained illness among injecting-drug users— 
Scotland, Ireland, and England, April–June 2000. MMWR Morb 
Mortal Wkly Rep. 2000;49:543–5.

  5. Marks M, Pollock E, Armstrong M, Morris-Jones S, Kidd M,  
Gothard P, et al. Needles and the damage done: reasons for  
admission and financial costs associated with injecting drug use 
in a central London teaching hospital. J Infect. 2013;66:95–102. 
http://dx.doi.org/10.1016/j.jinf.2012.10.004

  6. Gordon RJ, Lowy FD. Bacterial infections in drug users.  
N Engl J Med. 2005;353:1945–54. http://dx.doi.org/10.1056/
NEJMra042823

  7. Irish C, Maxwell R, Dancox M, Brown P, Trotter C, Verne J,  
et al. Skin and soft tissue infections and vascular disease among 
drug users, England. Emerg Infect Dis. 2007;13:1510–1.  
http://dx.doi.org/10.3201/eid1310.061196

  8. 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. http://dx.doi.org/ 
10.1016/j.drugalcdep.2016.04.009

  9. Public Health England. Shooting up: infections among people 
who injected drugs in the UK, 2015. An update: November 2016 
[cited 2017 Mar 15]. https://www.gov.uk/government/publications/
shooting-up-infections-among-people-who-inject-drugs-in-the-uk

1402 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 23, No. 8, August 2017
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admissions for all causes (p<0.001). Error bars indicate 95% CIs.



Opiate Injection–Associated Infections

10. Carter EM, Potts HW. Predicting length of stay from an electronic  
patient record system: a primary total knee replacement example.  
BMC Med Inform Decis Mak. 2014;14:26. http://dx.doi.org/ 
10.1186/1472-6947-14-26

11. Middleton J, McGrail S, Stringer K. Drug related deaths in  
England and Wales. BMJ. 2016;355:i5259. http://dx.doi.
org/10.1136/bmj.i5259

12. Hope VD, Parry JV, Ncube F, Hickman M. Not in the vein: ‘missed 
hits’, subcutaneous and intramuscular injections and associated 
harms among people who inject psychoactive drugs in Bristol, 
United Kingdom. Int J Drug Policy. 2016;28:83–90.  
http://dx.doi.org/10.1016/j.drugpo.2015.11.003

13. Darke S, Ross J, Kaye S. Physical injecting sites among  
injecting drug users in Sydney, Australia. Drug Alcohol  

Depend. 2001;62:77–82. http://dx.doi.org/10.1016/S0376-8716 
(00)00161-7

14. Griffith DJ, Mackintosh CL, Inverarity D. Staphylococcus aureus 
bacteraemia associated with injected new psychoactive substances. 
Epidemiol Infect. 2016;144:1257–66. http://dx.doi.org/10.1017/
S095026881500271X

15. Ciccarone D, Harris M. Fire in the vein: heroin acidity and its 
proximal effect on users’ health. Int J Drug Policy. 2015;26:1103–
10. http://dx.doi.org/10.1016/j.drugpo.2015.04.009

Address for correspondence: Dan Lewer, South London Health 
Protection Team, Public Health England, Skipton House, 80 London Rd, 
London SE1 6LH, UK; email: dan.lewer@phe.gov.uk

 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 23, No. 8, August 2017 1403

•  Biologic Evidence Required for Zika Disease 
Enhancements by Dengue Antibodies 

•  Neurologic Complications of Influenza B Virus Infection 
in Adults, Romania 

•  Implementation and Initial Analysis of a Laboratory-Based 
Weekly Biosurveillance System, Provence-Alpes-Côte 
d’Azur, France 

•  Transmission of Hepatitis A Virus through Combined 
Liver–Small Intestine–Pancreas Transplantation

•  Influence of Referral Pathway on Ebola Virus Disease 
Case-Fatality Rate and Effect of Survival Selection Bias

•  Plasmodium malariae Prevalence and csp Gene Diversity, 
Kenya, 2014 and 2015  

•  Presence and Persistence of Zika Virus RNA in Semen, 
United Kingdom, 2016 

•  Three Divergent Subpopulations of the Malaria Parasite 
Plasmodium knowlesi 

•  Variation in Aedes aegypti Mosquito Competence for 
Zika Virus Transmission 

•  Outbreaks among Wild Birds and Domestic Poultry 
Caused by Reassorted Influenza A(H5N8) Clade 2.3.4.4 
Viruses, Germany, 2016 

•  Highly Pathogenic Avian Influenza A(H5N8) Virus in Wild 
Migratory Birds, Qinghai Lake, China 

•  Design Strategies for Efficient Arbovirus Surveillance  

• Typhus Group Rickettsiosis, Texas, 2003–2013

•  Detection and Molecular Characterization of Zoonotic 
Poxviruses Circulating in the Amazon Region of 
Colombia, 2014 

•  Reassortment of Influenza A Viruses in Wild Birds in 
Alaska before H5 Clade 2.3.4.4 Outbreaks 

•  Incidence and Characteristics of Scarlet Fever,  
South Korea, 2008–2015

•  Markers of Disease Severity in Patients with Spanish 
Influenza in the Japanese Armed Forces, 1919–1920 

•  Molecular Identification of Spirometra erinaceieuropaei 
in Cases of Human Sparganosis, Hong Kong 

•  Persistent Arthralgia Associated with Chikungunya  
Virus Outbreak, US Virgin Islands, December 2014–
February 2016 

•  Assessing Sensitivity and Specificity of Surveillance Case 
Definitions for Zika Virus Disease 

•  Detection of Zika Virus in Desiccated Mosquitoes by  
Real-Time Reverse Transcription PCR and Plaque Assay 

•  Surveillance and Testing for 
Middle East Respiratory Syndrome 
Coronavirus, Saudi Arabia, April 
2015–February 2016

•  Antiviral Drug-Resistant Influenza 
B Viruses Carrying H134N 
Substitution in Neuraminidase, 
Laos, February 2016 

•  West Nile Virus Seroprevalence, 
Connecticut, USA,  
2000–2014

https://wwwnc.cdc.gov/eid/articles/issue/23/4/table-of-contents

April 2017: Emerging Viruses



 

Page 1 of 4 

Article DOI: https://doi.org/10.3201/eid2308.170439 

Opiate Injection–Associated Skin, Soft 
Tissue, and Vascular Infections, England, 

UK, 1997–2016 

Technical Appendix 

Duration of Hospitalization 

The duration of hospitalization is measured in days. Twenty-one percent of admissions 

were 0 days (i.e., discharge was on the same day as admission). The data are right-skewed with 

some extreme values (up to 761 days). We fitted a zero-inflated negative binomial model to 

explore predictors of admission duration. This approach was selected because there was strong 

evidence of overdispersion in a Poisson model. The dependent variable was the duration of 

admission (as a continuous variable in days), and the independent variables were the primary 

cause of admission (cutaneous abscess, phlebitis, cellulitis, or invasive infections, defined as a 

primary [first-listed] cause of septicemia, osteomyelitis or septic arthritis, endocarditis, and 

necrotizing fasciitis), whether the infection was injecting–related (a binary indicator), the 

patient’s age (15–34, 35–44, and 45–55 years), and an interaction term between the cause of 

admission and injecting status. The primary cause of admission was used to predict whether 

admissions were 0 days in the logit part of the model. The exponentiated coefficients can be 

interpreted as the ratio of days stayed in hospital when comparing groups. 

The results are shown in the Technical Appendix Table. The table shows the stratum-

specific effects of injecting status rather than the interactions. Compared with cutaneous abscess, 

admissions due to phlebitis, cellulitis, or invasive infections were associated with longer stays. 

Older age and male sex were associated with longer stays. Injecting-related infections were 

associated with longer stays, and this effect varied according to the cause of admission. We used 

the model to predict the length of admission for men aged 35–44 years (as the largest group of 

injecting-related admissions in 2015–16), stratifying by primary cause of admission and injecting 

https://doi.org/10.3201/eid2308.170439
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status, with bootstrapped confidence intervals. These predicted values are shown in Figure 2 in 

the main article. 

Sensitivity Analysis Excluding Closely Spaced Admissions 

We conducted a sensitivity analysis excluding “repeat admissions,” defined as having an 

admission date <7 days after discharge from a previous admission. These admissions may be for 

the same infection rather than a new incident infection. A total of 4,389 injecting-related 

admissions were excluded (7% of all injecting-related admissions). This did not change the 

overall trend (Technical Appendix Figure 2). 

Technical Appendix Table. Incident rate ratio of days stayed in hospital (fully adjusted), England, UK, April 5, 1997–April 4, 2016 

Variable and level 
Exponentiated regression 

coefficient (95% CI) p value 
Primary cause of admission*   
 Cutaneous abscess (ref) 1  
 Phlebitis 1.95 (1.93–1.98) <0.001 
 Cellulitis 1.54 (1.53–1.55) <0.001 
 Invasive infection 4.05 (4.01–4.08) <0.001 

Age, y   
 15–34 (ref) 1  
 35–44 1.18 (1.17–1.19) <0.001 
 45–55 1.35 (1.34–1.36) <0.001 
Sex   
 M (ref) 1  
 F 0.91 (0.91–0.92) <0.001 
Injecting-related (ref = “no”)   
 Cutaneous abscess 2.22 (2.17–2.26) <0.001 
 Phlebitis 1.42 (1.38–1.46) <0.001 
 Cellulitis 1.11 (1.08–1.14) <0.001 
 Invasive infection† 1.63 (1.57–1.69) <0.001 
*Causes are cutaneous abscess, phlebitis, cellulitis, septicemia, osteomyelitis or septic 
arthritis, endocarditis, and necrotizing fasciitis. See main article for details. 
†Invasive infections are defined as those with a primary (first-listed) cause of septicemia, 
osteomyelitis or septic arthritis, endocarditis, and necrotizing fasciitis. 
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Technical Appendix Figure 1. Number of hospital admissions with a primary cause relating to bacterial 

infection, by sex, age group, and injecting status, England, UK, April 5, 1997–April 4, 2016. Invasive 

infections are defined as those with a primary (first-listed) cause of septicemia, osteomyelitis or septic 

arthritis, endocarditis, and necrotizing fasciitis. Causes are cutaneous abscess, phlebitis, cellulitis, 

septicemia, osteomyelitis or septic arthritis, endocarditis, and necrotizing fasciitis. See main article for 

details. 
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Technical Appendix Figure 2. Number of hospital admissions due to injecting-related bacterial 

infections, England, UK, April 5, 1997–April 4, 2016. “Repeat” admissions are defined as those occurring 

<7 days after discharge from a previous admission. 


