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Background. Despite concerns about the burden of the bacterial and fungal infection syndromes related to injection drug use
(IDU), robust estimates of the public health burden of these conditions are lacking. The current article reviews and compares data
sources and national burden estimates for infective endocarditis (IE) and skin and soft-tissue infections related to IDU in the United
States.

Methods. A literature review was conducted for estimates of skin and soft-tissue infection and endocarditis disease burden with
related IDU or substance use disorder terms since 2011. A range of the burden is presented, based on different methods of obtaining
national projections from available data sources or published data.

Results.  Estimates using available data suggest the number of hospital admissions for IE related to IDU ranged from 2900 ad-
missions in 2013 to more than 20 000 in 2017. The only source of data available to estimate the annual number of hospitalizations
and emergency department visits for skin and soft-tissue infections related to IDU yielded a crude estimate of 98 000 such visits.
Including people who are not hospitalized, a crude calculation suggests that 155 000-540 000 skin infections related to IDU occur

annually.
Discussion.

These estimates carry significant limitations. However, regardless of the source or method, the burden of disease

appears substantial, with estimates of thousands of episodes of IE among persons with IDU and at least 100 000 persons who inject
drugs (PWID) with skin and soft-tissue infections annually in the United States. Given the importance of these types of infections,
more robust and reliable estimates are needed to better quantitate the occurrence and understand the impact of interventions.

The United States is in the midst of a multifaceted drug crisis
that has been well described to have profoundly increased rates
of drug overdose deaths, as well as infections from hepatitis C
and HIV that have been historically linked to injection drug use
(IDU) [1-9]. In addition to infections from bloodborne viral
pathogens transmitted through IDU, bacterial and fungal in-
fection syndromes, such as infective endocarditis (IE), have
also presented concern. The proportion of invasive infections
from organisms such as Candida spp. and methicillin-resistant
Staphylococcus aureus that occurs among PWID has been
increasing in recent years [10, 11], and public health investi-
gations in some locales have been conducted in response to
these concerns [12-14]. Hospitalizations for some of these in-
fection syndromes cost the healthcare system, particularly the
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Medicaid program, millions of dollars [15]. However, the actual
number of such infections is unknown [16].

The current article will review literature and public health
surveillance data sources that can describe the burden of bac-
terial and fungal infections related to IDU in the United States.
In addition, we will provide commentary on the limitations of
data sources and published estimates, give a range of potential
national estimates based on available data, and discuss possible
ways to improve confidence in burden estimates. The review
will focus on skin and soft-tissue infections and IE, which ac-
count for the majority of severe bacterial and fungal infection
syndromes related to IDU [14]. IE has been reported to be the
second most common type of syndrome related to IDU, and
because IE requires prolonged antibiotic treatment and some-
times surgical valve repair or replacement it has been the pri-
mary focus of attention for the clinical community [14, 16]. We
also review reported mortality rates for IE related to IDU.

METHODS

The ideal data source for estimating national burden of disease
would identify infection syndromes of interest using validated
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criteria and delineate specifically which occur in PWID, and
would either be designed to create national burden estimates
or have a validated method for producing such estimates. Such
a data source does not currently exist, and characteristics of
existing data sources available to public health are described
below and in Table 1.

Administrative Data

Administrative data sets are the most widely accessible source
of data for infection syndromes among hospitalized patients
and include the National Inpatient Sample (NIS) and state-
based hospital discharge databases. Diagnoses and procedures
in these data sources are based on International Classification
of Disease, Clinical Modification (ICD-CM), codes. In addition,
commercial vendors, such as IBM Truven Health Analytics,
Premier, and Cerner, also distribute data sets containing ad-
ministrative data in addition to charges and extracts from elec-
tronic health records (eg, microbiology data from laboratories).
Administrative data sets with outpatient claims include the
Nationwide Emergency Department Sample, Medicaid data,
and those distributed by commercial vendors.

The use of administrative data for determining the burden
of bacterial and fungal infection syndromes related to IDU has
major limitations. First, there is no ICD-9CM or ICD-10-CM
code for IDU. Algorithms to validate surrogate codes have been
described in other countries but not in the United States, where
drivers for coding and even in some instances codes themselves
may be different [17, 18].

Second, there is no standard approach to defining ICD-9-CM
or ICD-10-CM codes for skin and soft-tissue infections. For ex-
ample, it is unknown whether or not the optimal approach is
to include secondary diagnosis codes when looking at hospital
discharge data. Validation studies of ICD-9-CM codes for skin
and soft-tissue infections in the United States have been lim-
ited to primary diagnosis codes for hospitalizations or outpa-
tient visits [19, 20] and have not assessed the sensitivity of using

primary diagnosis codes, or the positive predictive value of
using both primary and secondary diagnosis codes. In contrast,
a validation of ICD-9-CM codes for IE was conducted as part of
an epidemiologic analysis, reporting sensitivity, specificity, and
positive predictive value >90% when using a set of codes (421.0,
421.1,421.9,036.42,098.84, 112.81, 115.04, 115.14, and 115.94)
to identify confirmed or possible IE using modified Duke cri-
teria as a reference standard (Toyoda et al [21]). However, val-
idation efforts for corresponding ICD-10-CM codes have not
been published; this is relevant because performance character-
istics of administrative codes for other infections have varied
over time [22, 23] and might not be the same as for ICD-9-CM.

Syndromic Surveillance Data

The National Syndromic Surveillance Program collects data
daily from emergency departments (EDs) in the United States.
Participating states obtain electronic data feeds of ED visits from
the previous day. Standard data elements transmitted include
ICD-10-CM codes and chief complaint text fields. Currently
data are reported from approximately 65% of EDs nationally.
A major advantage is timeliness; in addition, the information
from the chief complaint text fields can provide additional
specificity regarding the presence of IDU; however, the sensi-
tivity and specificity of using such data to identify bacterial and
fungal infections and to identify IDU is not known. In addition,
it is unclear whether ED data can accurately identify infection
syndromes that most typically are diagnosed during a hospitali-
zation (ie, after the end of an ED visit), such as IE.

Emerging infections Program

The Emerging Infections Program (EIP) is a cooperative agree-
ment between the Center for Disease Control and Prevention
and a network of state health departments and their collabor-
ating institutions, conducts active, population- and laboratory-
based surveillance in selected counties within participating
states, and has been described in detail in other articles [24].

Table 1. US Public Health Data Sources for Bacterial and Fungal Infection Syndromes Related to Injection Drug Use
Designed Primary Means to
for National Identify Infection Specifically Identifies
Data Source Description Estimates? Syndromes PWID
Administrative, eg, Data collected through billing records from Yes for some  Via ICD codes No
National Inpatient primarily hospital and ED visits databases
Sample
Emerging Infections Laboratory-based surveillance for infection No Currently via microbi- Yes, through review of
Program syndromes caused by selected organisms ology results medical records
National Syndromic ICD codes and chief complaint text fields from No Via ICD codes Yes but sensitivity/spec-
Surveillance Program EDs ificity compared with
complete medical
record unknown
NEISS-CADES Data abstracted from medical records to find Yes Record review Yes

clinician-defined adverse events attributed to
medications

Abbreviations: ED, emergency department; ICD, International Classification of Diseases; NEISS-CADES, National Electronic Injury Surveillance System-Cooperative Adverse Drug Event

Surveillance; PWID, persons who inject drugs.
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The EIP conducts surveillance for infections due to specific
pathogens that are of particular concern to the health of PWID:
invasive infections (ie, the organism is isolated from a normally
sterile body site, such as blood or cerebrospinal fluid) caused
by S. aureus or group A Streptococcus, and Candida spp. blood-
stream infections [10-14]. Case finding for these infections oc-
curs through queries for corresponding clinical microbiology
results. In general, data collected through the EIP for these
pathogens are obtained through medical record review by
trained medical record abstractors. In this way, diagnoses
of infectious diseases that are recorded in the medical record
can be tracked, as can documentation of a patient history of
IDU. However, pathogen-independent surveillance for in-
fection syndromes related to IDU is not currently conducted
within the EIP.

National Electronic Injury Surveillance System—Cooperative Adverse Drug
Event Surveillance

The National Electronic Injury Surveillance System-
Cooperative Adverse Drug Event Surveillance (NEISS-CADES)
project is an active public health surveillance system based on
a nationally representative, size-stratified probability sample of
hospitals with >6 beds and a 24-hour ED in the United States
and its territories. As described elsewhere [25], trained NEISS-
CADES data abstractors review clinical records of every ED
visit to identify clinician-diagnosed adverse events attributed to
medications. Beginning in 2016, this system data capture ex-
panded to include adverse events due to medications used for
any reason, including cases of acute injection-related complica-
tions or infections [26, 27]. However, because NEISS-CADES
data are based on clinical assessments in the ED setting, specific
pathogens are often not identified. Moreover, NEISS-CADES
data likely underestimate the overall burden of IDU-related in-
fections in EDs because ED clinicians may not identify infec-
tions that require extensive evaluation or testing to diagnose (eg,
IE). In addition, ED visits attributed to illicit substances alone
are not included. Strengths of NEISS-CADES includes national
representativeness, identification of specific active ingredients
and products, and attribution of infection to injection based on
retrospective medical record review, rather than billing codes
or chief complaints.

Approaches for Estimating Burden Based on Existing Data

We used 3 approaches for estimating national burden of infec-
tions related to IDU. We produced these estimates to illustrate
the range of burden estimates generated from using different
approaches and data sources rather than to produce defini-
tive estimates. Our first approach involved using administra-
tive data sources designed to produce, or validated for making,
national projections.

For our second approach, we used internal data sources that
provide information about the incidence of infections at a

subnational level, and we projected what the burden would be
if that incidence were representative of the United States. The
principal advantage of this approach is that these data sources,
which generally come from medical record review, provide
more specific ascertainment of IDU. Incidence projections use
US Census data (population denominators) as well as American
Hospital Association data (hospital admission denominators).
PWID sometimes attempt to self-treat mild skin infections and
abscesses rather than access medical care, so reliance on health-
care utilization data underestimates the burden of skin infec-
tions [28].

In our third approach, we combined prevalence estimates of in-
fections among a defined population of PWID with previously
reported estimates of PWID population size [29]. The source
literature describes these infections with various terms such as
“drug use-associated”; in the current review, we will call such
estimates “IDU-associated” infections. In addition, we reviewed
mortality rates reported for IE related to IDU.

Literature Review

We conducted a literature search for articles published or avail-
able online before publication during 2011-2019 describing in-
fections in the United States as of October 1, 2019. We limited
our search to articles in which infections occurred in 2011 or
later to correspond to the reported rises in illicit opioid-involved
overdose death rates in the United States. A PubMed search was
conducted for articles that had terms for infection types of in-
terest as well as substance use terms. Infection terms included
endocarditis, abscess, cellulitis, skin infection, skin infections,
soft-tissue infection, and soft-tissue infections. Substance use
was queried using the MeSH term intravenous substance abuse
or the PubMed terms injection drug use, intravenous drug use,
PWID, and IVDU. Articles useful for this summary either (1)
provided the incidence or burden of disease ostensibly related
to drug use in a specific institution or population area or (2)
provided prevalence of a specific infection type within a popu-
lation of PWID. Articles describing microbiologic findings in a
cohort of patients with IE were also reviewed. Data on burden
of disease or infection prevalence were not used if <20 infection
events were reported in the article. Articles were also excluded
if insufficient data were reported to determine the incidence.

RESULTS

Infective Endocarditis

Five articles in the published literature estimated the number of
IDU-associated IE hospitalizations nationally. All of these de-
fined IDU-associated IE as a hospitalization in which discharge
codes included both an ICD-9-CM code for IE and IDU sur-
rogate codes. These included codes for poisoning, withdrawal
and drug dependence, history of hepatitis C, and homelessness
(Table 2). Most studies did not report whether or not hospital-
izations were restricted to those with a primary diagnosis code
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for IE. In addition, the surrogate codes used for IDU varied
across almost all studies. The most recent estimate came from
a study using the National Readmissions Database, estimating
approximately 5000 hospitalizations for IDU-associated IE in
2015 [34]. The largest estimate was 8530 hospitalizations in
2013 using NIS [33], although another article estimated 2923
hospitalizations for IDU-associated IE in that same year from
NIS [30].

Articles describing local burden or incidence included 2
reports from North Carolina. One showed a rate of IDU-
associated IE hospitalizations of 10.95 per 100 000 North
Carolina residents aged >18 years in 2016-2017, which would
translate to 27 570 IE hospitalizations nationally [15]. In that ar-
ticle, a case was defined as IE with a code relating to illicit drug
use, or a diagnosis of hepatitis C in a person born after 1965.
Another article described incidence as 2.7 cases per 100 000 in
2015, which would project to 6672 cases nationally [35].

Finally, within the 7 EIP sites conducting surveillance for in-
vasive S. aureus infections in 2017, an incidence of 1.87 S. aureus
IDU-associated IE cases per 100 000 residents occurred. That
would translate to 6000 cases nationally. Given that S. aureus is
reported to cause anywhere from 52% to 62% of IDU-associated
IE in case series [36, 37], the total estimate of IDU-associated IE
cases using EIP data would range from 9700 to 11 500 in 2017.
Inpatient mortality rates for IDU-associated IE cases ranged
from 4.8% to 8% in the administrative databases.

Skin and Soft-Tissue Infections

No published literature provided a national estimate for skin
and soft-tissue infections related to IDU. One article provided
data on the number of skin and soft-tissue infections related to
IDU that were identified through medical record review of ED
visits and hospitalizations in 5 Western New York hospitals over
3 months during 2017 [14]. Based on the number of admissions
at these 5 hospitals, the incidence derived from that article would
project to 98 000 visits to hospitals nationally for skin and soft-
tissue infections related to IDU during 2017. Note that these data
are derived from an urgent public health investigation of bacte-
rial and fungal infection syndromes related to IDU and therefore
might not be representative of the United States as a whole.

Two articles provided data on the prevalence of skin and
soft-tissue infections in the prior year among clients of a sy-
ringe service program. Notably, one article reported very dif-
ferent prevalences depending on local patterns of drug usage: in
the city where primarily black tar heroin was the primary drug
injected, 70% of clients had experienced a skin or soft-tissue in-
fection in the prior year, versus 20% of those from a city where
people primarily used powdered heroin [38]. The other article
reported a prevalence of 29% [39]. Using the 2011 estimate of
number of those who had injected drugs in the past year [29]
nationally yielded an estimate of 155 000-540 000 PWID with a
skin or soft-tissue infections in the past year.

DISCUSSION

The burden of endocarditis and skin and soft-tissue infections
related to IDU in the United States varies widely in the pub-
lished literature and differs based on the estimation method and
data source. However, regardless of the source or method, the
burden of disease appears substantial, with estimates of thou-
sands of episodes of IE among persons with IDU and >100 000
PWID with skin and soft-tissue infections annually in the
United States. Having more accurate and precise national es-
timates would better define the scope of the problem, measure
the impact of efforts to prevent the occurrence of these infec-
tions, inform programs and resource estimates needed to ad-
dress the problem, and provide a basis for comparison with
local data to determine which areas are more heavily affected by
the epidemic of IE and other infections related to IDU.

Several different strategies could improve our assessment of
theburden of these infections. For example, a valid, standardized
approach to analyzing data from administrative sources would
be a productive first step. Published articles using the same data
sets reported very different estimates, on both the national and
state levels. The approach to identify IE varied across studies,
and none used the set of ICD-9-CM codes previously validated
[21]. Moreover, there was wide diversity in how the studies used
ICD-9-CM codes to identify IDU, ranging including from only
opioid-related diagnosis codes [32] to including codes for sev-
eral illicit drugs and hepatitis C diagnosis as a criterion [33, 34].
In addition, 2 articles reporting using the same approach to
ICD-9-CM codes reported markedly different burden estimates
[33, 34] (Table 2). There is clearly an opportunity to improve
use of validated codes to identify IDU. Alternatively, instituting
a new ICD-10-CM code for IDU and incentivizing its use could
greatly increase confidence in estimates of IDU-related disease
burden gleaned from administrative data.

Another approach would be to update population estimates
of the number of PWID and obtain more representative data
describing the prevalence of infections among PWIDs. Given
reports of outbreaks of infectious diseases in PWID and in-
creases in acute hepatitis C infection incidence that have oc-
curred in recent years [2-9], it is likely that the number of
PWID is larger than in 2011, although the possibility that in-
creases in infection incidence are primarily related to changes
in injection practices cannot be ruled out. Data on prev-
alence of infections among PWID might be possible to ob-
tain through ongoing surveys of PWID and syringe service
programs.

A final option would be to develop a new approach specif-
ically designed to meet this need. This would likely be based
on reporting from clinical providers or otherwise using data
from medical records on infection types and IDU in a multisite
project that could be generalized to the United States.

A different paradigm is to focus on reliably tracking increases
or decreases in the incidence of specific subsets of infections or
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outcomes rather than on pinpointing the overall number of in-
fections. For example, a North Carolina study included in this
review focused on hospitalizations where valve surgery was per-
formed for IE, because such operations are likely to be billed
and hence could be a consistent surrogate for IE [15]. Although
less sensitive, such studies of surgically treated infections might
represent a lower bound for estimates of the burden.

The inpatient mortality rates seen in administrative data were
surprisingly low, especially when compared with findings of a
study looking at the IE mortality rate overall (90-day mortality
rate, 24%) [21]. It is unclear to what extent this may be because
of the relatively high rate of patients leaving the hospital against
medical advice or because of the generally younger age of PWID
presenting with IE compared with others hospitalized with IE.

The estimates presented here are primarily intended to illus-
trate possible ways that burden estimates could be obtained and the
wide degree of variation that could result from using different data
sources. We also limited our search to published literature that has
undergone peer or editorial review. Additional data might be avail-
able in reports that were not peer reviewed, or in conference ab-
stracts. In addition, the estimates of population size of people who
had injected drugs during the past year and populations from which
prevalence of infections are derived might not be comparable.

The data we have reviewed illustrate that bacterial and fungal
infection syndromes resulting from IDU, such as skin and soft-
tissue infections and endocarditis, are a major public health
problem. Preventing IDU use, treating substance use disorder
(such as medication-assisted treatment for opioid use disorder),
and encouraging safer injection practices for those who con-
tinue to inject are key strategies in the fight against infectious
complications of the ongoing opioid crisis [10, 14]. Better es-
timates of the burden of infections would provide critical in-
formation needed to allocate resources and effectively mobilize
public health responses and clinical interventions.
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