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England, 2002-2021: A Time Series Analysis of Seasonal
Variation and the Impact of Coronavirus Disease 2019
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Background. Bacterial infections cause substantial pain and disability among people who inject drugs. We described time
trends in hospital admissions for injecting-related infections in England.

Methods. We analyzed hospital admissions in England between January 2002 and December 2021. We included patients with
infections commonly caused by drug injection, including cutaneous abscesses, cellulitis, endocarditis, or osteomyelitis, and a
diagnosis of opioid use disorder. We used Poisson regression to estimate seasonal variation and changes associated with
coronavirus disease 2019 (COVID-19) response.

Results. There were 92 303 hospital admissions for injection-associated infections between 2002 and 2021. Eighty-seven
percent were skin, soft-tissue, or vascular infections; 72% of patients were male; and the median age increased from 31 years in
2002 to 42 years in 2021. The rate of admissions reduced from 13.97 per day (95% confidence interval [CI], 13.59-14.36) in
2003 to 8.94 (95% CI, 8.64-9.25) in 2011, then increased to 18.91 (95% CI, 18.46-19.36) in 2019. At the introduction of
COVID-19 response in March 2020, the rate of injection-associated infections reduced by 35.3% (95% CI, 32.1-38.4). Injection-
associated infections were also seasonal; the rate was 1.21 (95% CI, 1.18-1.24) times higher in July than in February.

Conclusions. This incidence of opioid injection-associated infections varies within years and reduced following COVID-19
response measures. This suggests that social and structural factors such as housing and the degree of social mixing may
contribute to the risk of infection, supporting investment in improved social conditions for this population as a means to
reduce the burden of injecting-related infections.
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Graphical Abstract

Opioid injection-associated bacterial infections in England, 2002-2021: a time series analysis of seasonal
variation and the impact of COVID-19
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Bacterial infections cause substantial pain and disability among
people who inject psychoactive drugs. Skin abscesses and cellu-
litis around injecting sites are the most frequent problems, with
surveys of people who inject drugs finding lifetime prevalence
ranging from 6% to 69% [1]. Invasive infections are also com-
mon; the rate of hospital admission for infective endocarditis
among people injecting heroin in London is 44 times higher
than in the general population [2]. In contrast to viral infec-
tions such as human immunodeficiency virus and hepatitis C,
which are transmitted in blood via shared injecting equipment,
injecting-associated bacterial infections are usually caused by
patients’ own skin and mouth flora, typically gram-positive
cocci [3-7]. Infections can also be caused by bacterial spores
contaminating drugs, though this is rare [8].

Data
injection-associated infections has increased since the early
2000s in many countries, including England [9], Norway [10],
the United States [6, 11], Canada [12], Australia [13], and India
[14]. In North America, this may be due to increases in prescrip-

from hospitals suggest that the number of

tion opioid dependence and subsequent increases in injection of
illicit opioids [15]. In addition to the increasing prevalence of illicit
opioid use, fentanyl has become more common in the illicit drug
market and is associated with more frequent injection, which in
turn leads to more reuse and sharing of equipment [16, 17].
However, the incidence of infections has also increased in
England despite stable or decreasing prevalence of illicit opioid

use [18, 19] and the continued rarity of synthetic opioids in the il-
licit drug supply [20]. One common factor between North
America and England is the increased use of stimulants [21, 22],
often in combination with opioids, which is associated with
more frequent injection and risk of infections. However, the rea-
sons for increasing incidence in different countries are not known.

Although many studies have described long-term trends in
injection-associated infections, few have investigated seasonal
and short-term trends. Many other infections have seasonal
patterns that have informed public health responses, such as
seasonal immunization campaigns and heightened hospital in-
fection control measures in winter. Bacterial skin infections in
the general population are more common in summer [23], and
studies in New York in the 1990s and Stockholm between 2007
and 2018 suggest that the rate of injection-associated infections
is also higher in summer [7].

The incidence of many infections was affected by the public
health response to coronavirus disease 2019 (COVID-19).
Nonpharmaceutical interventions included restrictions on
movement, closure of public places, behavioral advice, and sup-
port for vulnerable groups including improved housing
(more detail is provided in Supplementary Information).
These interventions had a dramatic effect on seasonal respira-
tory infections but also reduced many nonrespiratory infec-
tions [24, 25], and may have affected injection-associated
infections.
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The role of external influences such as seasons and the
COVID-19 response could inform our understanding of infec-
tion dynamics and determinants of risk, and therefore how in-
fections could be prevented. We used hospital data from
England to describe long-term trends, seasonal patterns, and
the impact of COVID-19 public health responses.

METHODS

We did a descriptive time series analysis of trends in opioid in-
jection-associated bacterial infections.

Data Source

We used the Hospital Episode Statistics database, which in-
cludes clinical information about patients admitted to all
National Health Service hospitals in England [26]. We included
emergency admissions in which the admission date was be-
tween 1 January 2002 and 31 December 2021, and the patient
was aged between 15 and 64 years at admission.

Hospital Episode Statistics is a database of episodes of
care led by a single doctor or medical team; therefore, a hos-
pital admission can include multiple records. To avoid
double counting, we only included the first episode in each
admission.

We included patients with a primary diagnosis of cutaneous
abscess, cellulitis, other skin and soft tissue infections, phlebitis,
or thrombophlebitis (grouped as “localized infections”), endo-
carditis, septicemia, osteomyelitis or septic arthritis, or necrotiz-
ing fasciitis (grouped as “invasive infections”). International
Classification of Diseases, 10th revision (ICD-10), codes for
these diagnoses are listed in Supplementary Material. We de-
fined “opioid injection-associated infections” as those with a
secondary diagnosis of opioid use disorder.

A cohort study of community-recruited people who use illic-
it opioids found that 53% of participants admitted to hospital
because of the infections listed here had a secondary diagnosis
of opioid use disorder [27], and this proportion was stable over
time. This suggests that our method captures approximately
half of opioid injection-associated infections and produces val-
id time trends.

Variables

For each patient, we extracted the primary diagnosis, age at ad-
mission, sex, ethnicity, duration of admission, mode of dis-
charge (standard, self-discharge, died, or other), Index of
Multiple Deprivation (a measure of the socioeconomic status
of the patient’s neighborhood [28]), whether the patient was
known to be homeless (defined as having “no fixed abode” or
the ICD-10 code Z59.0; “homelessness”), whether the patient
had an unplanned hospital admission within 28 days following
discharge, and whether an operative procedure was performed
during the admission.

Statistical Analysis

We described the demographic and clinical characteristics of
patients. To investigate seasonality and the change in rate asso-
ciated with COVID-19 response, we focused on hospital admis-
sions on or after 1 January 2015 and aggregated the data into
daily counts. We used a Poisson model with a dependent vari-
able of the count of admissions per day. Independent variables
were a linear term for time defined as the number of days after
1 January 2015, an interaction term between time and a binary
indicator for before/after 23 March 2020 (the date when strict
COVID-19 restrictions were introduced in England), and a
harmonic term over the calendar year with 2 sine and cosine
pairs. The interaction term estimates a step-change and a chan-
ge of slope, and the harmonic term estimates seasonality [29].
We reported the day of year when the peak and low predicted
admissions occurred, and estimated magnitude of seasonality
as the ratio between the peak and low, with confidence intervals
(CI) estimated using a Monte-Carlo method.

We repeated these procedures for invasive infections in iso-
lation and 2 other patient groups: (1) staphylococcal and strep-
tococcal skin infections that did not have a secondary diagnosis
of opioid use disorder (reflective of infections in the general
population, presumed unrelated to drug use) and (2) noninfec-
tious complications of drug use, using 2 of the UK govern-
ment’s measures for tracking drug-related health harms [30]:
“admissions for drug-related mental and behavioral disorders”,
and “admissions for poisoning by drug misuse.” The purpose of
these comparisons was to help us interpret time trends in opi-
oid injection-associated infections; in particular, whether time
trends are driven by changes in drug use behaviors or by micro-
biological factors that may also affect the wider population.

We also did a supplementary analysis to test if COVID-19 was
associated with a change in the clinical severity of patients admit-
ted to hospital with opioid injection—associated infections. We
compared admissions in the 12 months before and after
23 March 2020, in terms of the duration of admissions, the pro-
portion that died, and the proportion of infections that were in-
vasive. If COVID-19 was associated with reduced accessibility of
hospitals, we expected an increased severity of admissions.

Analysis was done using SQL and R version 4.2.1. Analysis code
is available at https:/www.github.com/danlewer/irid_trends.

Approvals

This analysis was done as part of the UK Health Security
Agency’s surveillance of opioid injection-associated infections,
and therefore research ethics was not required. This was a sec-
ondary analysis of anonymized data.

RESULTS

We identified 92 303 admissions between 2002 and 2021. The
median age was 37 years (interquartile range [IQR], 31-42)
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and 66 359/92 303 (71.9%) were male. A total of 79 890/92 303
(86.6%) patients had localized infections and 12 413/92 303
(13.4%) had invasive infections (Table 1). The median age in-
creased from 31 years (IQR, 26-36) in 2002 to 42 years (IQR,
37-48) in 2021, and in recent years there were very few patients
aged under 25 (Figure 1A). The proportion coded as experienc-
ing homelessness reduced from 307/3827 (8.0%) in 2002 to
120/3653 (3.3%) in 2010, then increased to 1021/6902
(14.8%) in 2019, then reduced again to 433/4612 (9.4%) in
2021 (Figure 1, panel C). Other patient characteristics were
consistent over time.

A total of 14 899/92 303 (16.1%) patients left before medical-
ly advised, and 732 (0.8%) died in hospital. The median
duration of admissions was 3 days (IQR, 1-5). For patients
with localized infections the median duration was 2 days
(IQR, 1-5) and 95/79 890 (0.1%) died in hospital, whereas for
patients with invasive infections the median duration was
6 days (IQR, 3-14) and 637/12413 (5.1%) died. Therefore,
637/732 (87%) of deaths occurred among patients with invasive
infections.

The rate of admissions reduced from 13.97 per day (95% CI,
13.59-14.36) in 2003 to 8.94 (95% CI, 8.64-9.25) in 2011, and
then increased to 1891 (95% CI ,18.46-19.36) in 2019
(Figure 2). This pattern was parallel to the rate of drug-related
deaths in England, which also increased between 2011 and
2019. The rate of opioid injection-associated infections reduced
in 2020 to 13.84 per day (95% CI, 13.46-14.23), whereas the rate
of drug-related deaths continued to increase (Figure 1B).

The reduction in injecting-related infections in 2020 ap-
peared to coincide with the start of COVID-19 public health
measures. The time series model suggested that the rate re-
duced by 35.3% (95% CI, 32.1-38.4) following 23 March
2020, and this reduction was sustained throughout 2020 and
2021 (Figure 2).

Hospital admissions for opioid injection-associated infec-
tions were seasonal and the rate was 1.21 (95% CI, 1.18-1.24)
times higher in July than in February.

The trend was similar for staphylococcal and streptococcal skin
infections that were not related to illicit opioids. Hospital admis-
sions for these infections also reduced at the start of COVID-19
response and peaked in summer. For hospital admissions related
to noninfectious complications of illicit drug use, there was not a
large step-change at the start of COVID-19, though the rate of
these events reduced gradually after 23 March 2020. These events
also peaked in summer. Seasonal variation and the step-change as-
sociated with COVID-19 are summarized in Table 2 with figures
in Supplementary Information.

The severity of hospital admissions was similar in the 12
months before and after the introduction of strict COVID-19
restrictions (Table 3). The duration of admissions reduced
slightly, whereas there was no evidence of a difference in the
proportion of patients who died or had invasive infections.

Table 1. Characteristics of Patients Admitted to Hospitals in England
With Opioid Injection—-associated Bacterial Infections, 2002-2021

Variable Level Number (%)
Total 92 303
(100.0)
Age 15-24 4898 (5.3)
25-34 32382 (35.1)
35-44 38511 (41.7)
45-54 14234 (15.4)
55-64 2278 (2.5)
Median [IQR] 37 [31-42]
Mean [SD] 37.018.2]
Sex Female 25944 (28.1)
Male 66 359 (71.9)
Ethnicity® White British or White Other 85809 (93.0)
Black/African/Caribbean/Black 853 (0.9)
British
Asian/Asian British 703 (0.8)
Mixed/Multiple ethnic groups 899 (1.0)
Other ethnicity or unknown 4039 (4.4)
Index of Multiple 1—most deprived 52657 (57.0)
Deprivation®
2 20403 (22.1)
4 10024 (10.9)
3 5325 (5.8)
5—least deprived 2746 (3.0)
Missing 1148 (1.2)
Record of homelessness 7602 (8.2)
Discharge method With clinical advice 73598 (79.7)
Before medically advised 14899 (16.1)
Died 732 (0.8)
Other 3074 (3.3)
Duration (d) Median [IQR] 3 [1-5]
Mean [SD] 4.816.9]
28-d readmission 17 366 (18.8)
Operative procedure 31283 (33.9)
Primary diagnosis Cutaneous abscess 29634 (32.1)
Cellulitis 20046 (21.7)
Other skin and soft-tissue 8377 (9.1)
infections
Phlebitis and thrombophlebitis 21833 (23.7)
Endocarditis 2152 (2.3)
Septicemia 6087 (6.6)
Osteomyelitis or septic arthritis 3905 (4.2)
Necrotizing fasciitis 269 (0.3)

Abbreviations: IQR = interquartile range; SD = standard deviation.

Where ethnicity or Index of Multiple Deprivation data were missing, we used the most
recent nonmissing value from other hospital admissions for that individual. Ethnicity
categories are based on the UK Office for National Statistics approach.

DISCUSSION

Key Findings

The rate of hospital admissions for opioid injection-
associated bacterial infections increased from 2011 to
2019, then decreased sharply at the introduction of
COVID-19 public health measures in March 2020 and re-
mained at this lower level throughout 2020 and 2021. This
sustained reduction in injecting-related infections happened
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Figure 1.

Annual trends in opioid injection-associated infections in England, 2002—2021. Shaded areas in panels B and C represent 95% confidence intervals.

over a period when injection of illicit opioids likely did not
reduce. The seasonality of infections is parallel to skin infec-
tions in the general population, which may suggest that en-
vironmental and microbiological factors such as circulation
of bacteria affect the risk of infection among people who in-
ject drugs.

Comparison With Other Studies

Studies in various countries have found that the incidence of
bacterial infections among people who inject drugs increased
before COVID-19 [6, 9-14], though the reasons for this general
increase are unclear. In the United Kingdom, few people started
injecting in the past 10 years [19] and the population size ap-
pears stable [18]; therefore, the increase is likely because of in-
creasing risk for individuals.

We considered 4 potential explanations for increasing
injection-associated infections in England between 2011 and
2019. First, an increase in injection of crack cocaine, which is
associated with more frequent injecting and higher risk of in-
fections. Cross-sectional surveys of people who inject drugs
in England show that 36% (95% CI, 33-38) recently injected
crack cocaine in 2012, compared with 57% (95% CI, 55-60)
in 2019 [31]. Second, increasing homelessness, which is associ-
ated with bacterial infections because of lack of a clean area to
[32].
Homelessness in England increased over this period; for exam-

inject and poor access to injecting equipment
ple, the number of rough sleepers identified by street outreach
teams in London increased by 71% between 2012 and 2020
[33]. The prevalence of homelessness in our sample follows

the same pattern. Third, increasing average age and duration
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Figure 2. Seasonality in hospital admissions because of injection-associated infections and the step-change at the introduction of COVID-19 public health responses.

Table 2. Seasonality in Hospital Admissions Resulting From Infections, and the Step-change at the Introduction of COVID-19 Public Health Responses

Percent Change at the Start of COVID-19

Event Modeled Low Modeled Peak Peak-to-low Ratio (95% ClI) Restrictions (95% CI)?
Opioid injection—associated infections 11 Feb 21 Jul 1.21(1.18-1.24) 35.3 (32.1-38.4)
Invasive opioid injection-associated infections 16 Feb 20 Jul 1.37 (1.29-1.46) 44.4 (38.1-50.2)
Nonopioid-associated skin infections 31 Jan 23 Jul 1.13(1.10-1.15) 25.1(22.7-27.4)
Poisoning from illicit drugs 24 Jan 2 Jul 1.43(1.39-1.47) -7.3(=12.1t0-2.6)
Drug-related mental and behavioral disorders 27 Dec 7 Jul 1.28 (1.26-1.29) 3.9 (2.1-5.8)

Abbreviations: 95% Cl, 95% confidence interval; COVID-19, coronavirus disease 2019.

#Values represent the percentage reduction in rate on 23 March 2020 (eg, a value of 100 would represent a reduction to 0). A negative value represents an increase.

of injecting, which may be associated with vascular damage and
injecting intramuscularly or in more colonized parts of the
body such as the groin. The median time since people first in-
jected psychoactive drugs in England increased from 7 years in
2002 to 18 years in 2019 [19]. However, this demographic chan-
ge occurred gradually over the whole period in the present
study, whereas the rate of injection-associated infections re-
duced between 2002 and 2011 and then increased. Fourth,
cuts to needle and syringe programs and wound care provided
within community health services that treat opioid use disor-
der. Funding cuts since 2013 have meant these community ser-
vices have lost clinical skills and now have limited scope for
holistic care [34].

We observed a sudden reduction in injection-associated in-
fections at the start of COVID-19 restrictions. We considered 3
potential explanations. First, COVID-19 may have led to re-
duced healthcare access and a lower probability that an individ-
ual with an infection would be admitted to the hospital.
However, most evidence suggests that reduced hospital access
was short-term. Admissions because of noncommunicable dis-
eases such as self-harm [35-37] and acute cardiovascular events
[38, 39] reduced in the weeks after public health measures were
introduced in March 2020, but typically returned to prepan-
demic trends by September 2020. In our data, there was no
large step-change in March 2020 in admissions for noninfec-
tious complications of opioid use, suggesting that the
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Table 3. Severity of Admissions for Injection-associated Infections, Comparing the 12 Months Before and After the Introduction of COVID-19 Public Health
Responses

Before COVID-19: 23 March During COVID-19: 23 March

Variable 2019-22 March 2020 2020-22 March 2021 P

Number of admissions, n (%) 6834 (100.0) 4714 (100.0)

Duration of admission (d) Mean (SD) 4.8 (6.8) 4.1 (5.5) <.0012
Median (IQR) 3(1-5) 2 (1-5) <.001°

Died, n (%) 80 (1.2) 54 (1.1) .97°

Invasive infections, n (%) 1326 (19.4) 936 (19.9) .563°

Abbreviations: COVID-19, coronavirus disease 2019; IQR, interquartile range, SD, standard deviation.

“t test.
PWilcoxon signed-rank test.

2 test.

accessibility of hospitals did not reduce suddenly for people
who use illicit drugs. Further supporting this, we did not ob-
serve an increase in the clinical severity of patients admitted
with infections during COVID-19, and invasive infections re-
duced to a similar degree as localized infections. Second, the re-
duction in infections may be due to reduced drug use.
However, opioid-related deaths continued to increase in the
United Kingdom during the COVID-19 pandemic [20], and
qualitative evidence suggests that many people continued to in-
ject drugs [40]. Third, the nonpharmaceutical interventions de-
signed to reduce COVID-19 transmission may have reduced
transmission of bacteria such as Staphylococci and
Streptococci among people who inject drugs. This was the
case for many infections in the general population. In contrast
to noninfectious causes of hospital admissions, which “re-
bounded” in 2020, there were sustained reductions throughout
2020 and 2021 in healthcare use related to many viral and bac-
terial infections [24, 25, 41]. Our results show that this sus-
tained reduction was evident for injection-associated
infections.

We also found that injection-associated infections were
more common in summer. To our knowledge, this pattern
has only been observed in 2 small studies [7, 42]. This pattern
has been observed for Staphylococcal infections generally [23],
which may be due to sweating and proliferation of colonized
bacteria, insect bites, or close contact for example via contact
sports. An alternative theory to seasonality in colonization or
transmission of bacteria is that that drug use is more common
in summer. This may be supported by the higher rate of non-
infectious complications of opioid use in summer; however,
other data suggest that opioid-related deaths do not follow

this seasonal pattern [43].

Implications for Policy and Practice

Most interventions to reduce the risk of injection-associated
bacterial infections have focused on individual behaviors
such as skin cleaning and using sterile and sharp needles
[44-46]. These behaviors are effective but interventions

promoting their use have mixed outcomes and have not re-
duced the population incidence of infections. In contrast, we
observed that the public health interventions to control
COVID-19 had a dramatic effect on injection-associated infec-
tions. In the United Kingdom, the most important intervention
in relation to people who inject drugs may be closure of congre-
gate homeless settings (such as night shelters) and an offer of
hotel-based accommodation for people experiencing homeless-
ness during the pandemic [47]. This intervention meant that
many people previously injecting drugs in public places now
had their own bathroom and a more hygienic place to prepare
drugs. Other relevant interventions included reduced social
mixing throughout the population and promotion of hand hy-
giene. The results suggest that interventions that improve ac-
commodation and living standards are likely to have a
greater effect on the rate of infections than behavioral advice.

Strengths and Limitations

We used a national database capturing all hospital admissions
at National Health Service hospitals in England, which used the
diagnostic coding system ICD-10 throughout the 20-year
study. The database excludes private hospitals where the pa-
tient pays, though these hospitals account for a small minority
of hospital activity and are typically used by wealthier people
for elective procedures.

There are 4 key limitations. First, COVID-19 was associated
with multiple policy and social changes, and we cannot deter-
mine which of these changes caused the reduction in
injection-associated infections. Our comparisons with skin in-
fections in the general population and noninfectious complica-
tions of opioid use provide clues that nonpharmaceutical
interventions may have improved the risk environment (rather
than reduced drug use), but this is not a definitive answer.
Second, by using hospital inpatient data, we only captured se-
vere infections. It is possible that the threshold for hospital ad-
mission changed over the study period and particularly during
COVID-19 responses, either because of hospital policies or pa-
tient behaviors such as fear of contracting COVID-19 in
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hospital and the desire not to burden health services. However,
we did not find that COVID-19 was associated with an increase
in the clinical severity of patients admitted with injection-
associated infections. Third, our definition of injection-
associated infections may capture some patients who use
opioids, but the infection was not caused by injection, for exam-
ple the entry point may have been an insect bite or viral lesion.
This is difficult to quantify, but in a cohort of people who inject
heroin in London, the rate of bacterial infections was 50 times
greater than in the general population, suggesting that most bac-
terial infections in this population are associated with injecting
[2]. Fourth, coding practices may change over time, and our re-
sults would be particularly sensitive to a change in the recording
of opioid use disorder as a secondary diagnosis. We used a co-
hort of people who use illicit opioids to show that the recording
of this diagnosis appears stable over time [27].

Conclusion

The risk of bacterial infections among people who inject drugs
changes over both the long and short term, including a substan-
tial reduction associated with COVID-19 public health mea-
sures. This may suggest that social and structural factors such
as housing and the degree of social mixing contribute to the
risk of infection.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors,
so questions or comments should be addressed to the corresponding
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