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Abstract
Background During the summer of 2005, multiple cities in the
United States began to report outbreaks of fentanyl-associated
fatalities among illicit drug users. The objectives of this study
were to (1) determine if an outbreak of fentanyl-associated
fatalities occurred in mid-2005 to mid-2006 and (2) to examine
trends and compare features of fentanyl-contaminated heroin-
associated fatalities (FHFs) with non-fentanyl, heroin-
associated fatalities (NFHFs) among illicit drug users.
Methods Baseline prevalence of fentanyl- and heroin-
associated deaths was estimated from January to May 2005
based on recorded cause of death (determined by the medical
examiner (ME)) using the Wayne County, MI, USA

toxicology database. The database was then queried for both
FHFs and NFHFs between July 1, 2005 and May 12, 2006. A
FHF was defined as having fentanyl or norfentanyl
(metabolite) detected in any postmortem biological sample
and either (1) detection of heroin or its metabolite (6-acetyl-
morphine) and/or cocaine or its metabolite (benzoylecgonine)
in a postmortem biological specimen or (2) confirmation of
fentanyl abuse as the cause of death by the ME or a medical
history available sufficient enough to exclude prescription
fentanyl or other therapeutic opioid use. A NFHF was defined
as detection of heroin, 6-acetylmorphine (heroin metabolite)
or morphine in any postmortem biological specimen, heroin
overdose listed as the cause of death by the ME, and absence
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of fentanyl detection on postmortem laboratory testing. Infor-
mation was systematically collected, trended for each group
and then compared between the two groups with regard to
demographic, exposure, autopsy, and toxicology data. Logis-
tic regression was performed using SAS v 9.1 examining the
effects of age, gender, and marital status with fentanyl group
status.
Results Monthly prevalence of fentanyl-associated fatalities
among illicit drug users increased from an average of two in
early 2005 to a peak of 24 in May, 2006. In total, 101 FHFs
and 90 NFHFs were analyzed. The median age of decedents
was 46 and 45 years for the fentanyl and non-fentanyl groups,
respectively. Fentanyl-contaminated heroin-associated fatali-
ties (FHFs) were more likely to be female (p=0.003). Women
aged over 44 years (OR=4.67;95 % CI=1.29–16.96) and
divorced/widowed women (OR=14.18;95 % CI=1.59–
127.01) were more likely to be FHFs when compared to
women aged less than 44 years and single, respectively. A
significant interaction occurred between gender and age, and
gender andmarital status.Most FHFs had central (heart) blood
samples available for fentanyl testing (n=96; 95 %): fentanyl
was detected in most (n=91; 95%). Of these, close to half had
no detectable heroin (or 6-acetylmorphine) concentrations
(n=37; 40.7 %). About half of these samples had detectable
cocaine concentrations (n=20; 54 %). Median fentanyl con-
centration in central blood samples was 0.02 μg/ml (n=91,
range <0.002–0.051 μg/ml) and 0.02 μg/ml (n=32, range
<0.004–0.069 μg/ml) in peripheral blood samples. The geo-
metric mean of the ratio of central to peripheral values was 2.10
(median C/P=1.75). At autopsy, pulmonary edema was the
most frequently encountered finding for both groups (77 %).
Conclusion Illicit drugs may contain undeclared ingredients
that may increase the likelihood of fatality in users. Gender
differences in fentanyl-related mortality may be modified by
age and/or marital status. These findings may help inform
public health and prevention activities if fatalities associated
with fentanyl-contaminated illicit drugs reoccur.

Introduction

Fentanyl is a synthetic opioid analgesic that is 50 to 100 times
more potent than morphine [1]. As a pharmaceutical, fentanyl
is or has been available as a patch, a lozenge, lollipop, and an
intravenous formulation. Fentanyl is commonly used in med-
icine as an analgesic and anesthetic regardless of formulation.
As with other prescription opioids, fentanyl's euphoric proper-
ties are often exploited and the drug has been abused by addicts
seeking opioid formulations with greater potencies and a better
“high.” Unfortunately, fentanyl can be deadly if not used
properly. Street drugs often have various substances added
by their manufacturers to increase potency/euphoria (e.g., fen-
tanyl added to heroin) or increase profit (e.g., starch to heroin).

The first reports of overdose and deaths from illicitly
manufactured fentanyl were in the early 1980s, with most
cases occurring in California. An analysis of 112 deaths
during that time period identified alcohol coingestion and a
probable history of opioid intolerance as potential risk factors
for fatal outcomes [2]. Over the next 10 years, sporadic
clusters of fentanyl-associated fatalities were encountered on
the United States eastern coast. In 1988, 16 deaths were
associated with the use of heroin contaminated with 3-
methylfentanyl, a fentanyl analogue, in Pittsburgh, PA, USA
[3]. Thirty deaths associated with illicit fentanyl use were
reported in Baltimore, MD, USA in 1992 [4].

A total of 1,013 fentanyl-associated fatalities in six states
were reported during April 4, 2005–March 28, 2007. Dece-
dents were mostly male (80.1 %) and white (55.4 %) with
58.6 % between 35 and 54 years of age. Community outreach
efforts were initiated by public health officials to train drug
users in overdose prevention, cardiopulmonary resuscitation
(CPR), and the use of take-home naloxone. Officials from the
United States Drug Enforcement Administration (DEA) and
other law enforcement organizations began arresting sellers of
nonpharmaceutical fentanyl (NPF) intended for illicit use.
This finally led to the closure of an illegal NPF production
facility in Toluca, Mexico in May 2006. In April 2007, the
DEA began regulating access to a chemical used to manufac-
ture NPF, N-phenethyl-4-piperidone [5]. The number of
monthly NPF-related deaths reported then dropped from a
high of nearly 150 per month in June 2006 to zero in April
2007. The public health response to this epidemic illustrated
how a concerted effort among clinicians, public health offi-
cials, and law enforcement authorities can effectively respond
to an epidemic [5–8]. Drug users, specifically fentanyl users,
are a difficult population to study and characterize because of
clandestine production, illicit use, nonspecific clinical presen-
tation, and lack of a readily available clinical laboratory test to
confirm exposure. In this article, we present detailed data from
a joint investigation conducted in Wayne County, MI, USA
among the offices of the Wayne County Medical Examiner
(Detroit, MI, USA), the Bureau of Epidemiology within the
Michigan Department of Community Health (Lansing, MI,
USA), and the Centers for Disease Control and Prevention
(CDC). Although limited data from this investigation was
included in a larger, previously published report, we present
more detailed findings that were not included [5].

Between July 2005 and May 2006, the presence of fen-
tanyl was confirmed by the Wayne County Medical Exam-
iner's office (ME) in postmortem biological specimens from
more than 100 fatalities. Prior to this time period, Wayne
County averaged 15–20 fentanyl-associated fatalities annu-
ally, which were primarily associated with prescription fen-
tanyl use (Fig. 1). The Michigan Department of Community
Health invited the National Center for Environmental Health
(NCEH) and the National Center for Injury Prevention and
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Control from the CDC to participate in an epidemiologic
investigation of fentanyl-associated fatalities among illicit drug
users inWayne County. The objectives of this study were (1) to
determine if an outbreak of fentanyl-associated fatalities oc-
curred in mid-2005 to mid-2006 and (2) to trend and compare
features of fentanyl-containing, heroin-associated fatalities with
non-fentanyl, heroin-associated fatalities (NFHFs) among illicit
drug users in order to identify fentanyl-specific features that
might help guide future public health interventions.

Methods

Study Site

The Wayne County ME's office conducts investigations
(including autopsies) to identify the cause and manner of
death in fatalities resulting from violence or in persons
without recent medical attendance and in deaths under other
circumstances outlined in the laws of the State of Michigan
[9]. The Wayne County ME's office is responsible for all

such fatalities that occur within Wayne County, which
includes metropolitan Detroit. The ME's office maintains
comprehensive written and electronic records on all
autopsies including pathology and toxicology reports, death
certificates, identification data sheets, and case investigation
summaries. This investigation was exempt from review by
CDC's Internal Review Board.

Data Collection: Baseline Prevalence

Medical examiner (ME) recordswere reviewed for the 6months
prior (January–July, 2005) to this outbreak in order to determine
the overall baseline prevalence of fentanyl- and heroin-
associated fatalities in Wayne County, MI, USA. Records were
included for this part of the project if fentanyl or heroin was
listed on the death certificate as the cause of death.

Data Collection: Study Period

ME records were reviewed for the study period (July 2005
to May 12, 2006) to identify cases meeting specific
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Fig. 1 Estimated monthly prevalence of fentanyl and heroin-
associated fatalities from January 2005 to May 2006 in Wayne County,
MI, USA. From January 2005 to June 2005, the baseline prevalence of
fentanyl and heroin-associated fatalities was estimated based on cause
of death (fentanyl or heroin) data from medical examiner records. From
July 2005 to May 2006, prevalence of fentanyl-associated and heroin-
associated fatalities was determined by employing specific case defi-
nitions to medical examiner data. These case definitions were
employed primarily to facilitate comparison of data abstracted from

the medical examiners' record between the two groups with each other
during the study period (July 2005–May 2006), hence the label “Ab-
stracted” for this period. The data presented in this graph illustrates the
outbreak's epidemiological curve over the entire time period that any
data was collected for this outbreak. Data collected on total cases from
other regions as well as during this time show a peak case count
(nationally) in June 2006 and a subsequent drop that corresponded to
closure of a fentanyl manufacturing plant in Mexico during May 2006.
(5)
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inclusion criteria for FHFs. The ME's toxicology database
was initially screened for any fatalities in which fentanyl
was mentioned. From there, a FHF was defined in one of the
following two ways: (1) presence of fentanyl or its metab-
olite (norfentanyl) and detection of either heroin or cocaine
or their metabolites (6-acteylmorphine or benzoylecgonine)
in any postmortem biological specimen or (2) the presence
of fentanyl or norfentanyl in any postmortem biological
specimen and at least one of the following: (1) documenta-
tion of drug paraphernalia consistent with intravenous opi-
oid abuse on the scene (e.g., needle in vein, full syringe, and
other cases of opioid overdose at the scene), (2) absence of
known history of therapeutic opioid or prescription fentanyl
use, (3) cause of death listed as “multiple drug intoxication”
in an individual with a history of drug abuse or no history of
therapeutic opioid use, or (4) cause of death listed as “fen-
tanyl intoxication” or “fentanyl abuse.” This second defini-
tion, thus, included fatalities in which there was no
laboratory confirmation of either heroin or cocaine, but for
which evidence at the scene of the death strongly suggested
illicit fentanyl use. Among the fatalities abstracted were
patients with fentanyl prescriptions and others whose deaths
were not directly associated with illicit drugs. Since we were
primarily interested in fatalities involving illicit fentanyl
use, we excluded from the analysis fatalities in which (1)
death occurred outside a medical setting and there was
evidence of possible legal or prescription use of fentanyl
(e.g., fentanyl patch), (2) there was evidence of use of
fentanyl in a nonillicit manner (e.g., pain control in a med-
ical setting), and (3) there was evidence of illicit drug use
but the ME determined that the cause and manner of death
was not consistent with drug toxicity (e.g., motor vehicle
collision and gunshot wound).

In order to identify unique features among FHFs that
might be targeted for public health interventions, we ab-
stracted the records of 100 randomly selected deaths in
which heroin or its metabolite 6-acetylmorphine (but no
fentanyl or fentanyl metabolites) were detected in any post-
mortem biological specimen during the same study period.
This number was chosen based on available resources and
time allotted for the project. Inclusion criteria for NFHFs
included: the presence of heroin, morphine, or 6-
acetylmorphine in any postmortem biological specimen;
absence of fentanyl or norfentanyl in postmortem biological
specimens; and heroin abuse listed as the cause of death as
determined by the ME. NFHFs were selected as the com-
parison group because both fentanyl and heroin are opioids
and toxicity results in similar clinical manifestations (eu-
phoria, respiratory depression, miosis, etc.). Furthermore,
heroin and fentanyl are often both parenterally administered.
Thus, it seems likely that the drug users who use illicit
fentanyl most likely, knowingly or unknowingly, are prob-
ably heroin users, too.

Standardized data collection forms were developed and
used to systematically abstract information on multiple var-
iables including demographics, date of death, illicit drug use
history, scene investigation findings, place of death, autopsy
findings, toxicology data, and route of administration for
both types of fatalities. All chart abstractors were trained by
two of the principal investigators on use of the abstraction
sheet and were provided definitions for the abstracted
variables.

Toxicology

The selection of a specific matrix for laboratory testing was
case-dependent and may have included blood, bile, urine,
vitreous humor, liver tissue, or kidney tissue. Matrices col-
lected or tested were based on the discretion of the ME's
office and/or the availability or adequacy of biological
specimens for testing. In some cases, the Wayne County
ME's office tested multiple postmortem biological speci-
mens for the presence of drugs. Blood specimens most often
were obtained centrally, usually from the heart or a great
vessel. Additional blood specimens were obtained peripher-
ally from the femoral, iliac, or popliteal vein depending on
accessibility.

Specimens from fatalities without any obvious cause of
death are routinely analyzed for prescription medications
and drugs of abuse using standardized toxicology assays.
For prescription medications, blood is analyzed using gas
chromatography/mass spectrometry (GC/MS), while an
enzyme-linked immunosorbent assay (ELISA) is used for
screening blood for drugs of abuse. ELISA results are then
confirmed with GC/MS. If a drug was detected in any
matrix from a case, we considered the screening test for that
case to be positive. Since 1999, the Wayne County ME's
office has been using GC/MS testing for fentanyl as part of
its routine toxicology assay. Testing methods have remained
consistent and unchanged during this time. An ELISA
screen for fentanyl was introduced in May 2006 to allow
for more rapid screening of biological samples; the current
level of detection for fentanyl in blood is 0.002 μg/ml for
ELISA and 0.005 μg/ml for the full-scan GC/MS qualitative
screening method (when applied) and 0.002 μg/ml for Se-
lected Ion Monitoring (SIM) GC/MS confirmation quanti-
tation. Other matrices (e.g., bile and liver) are tested and
used for quantification of drug concentrations when blood is
unavailable or inadequate.

Statistical Analysis

Variables for the analysis were chosen based upon potential
clinical significance. Demographic factors examined includ-
ed age, race/ethnicity, city of residence, history of drug use,
marital status, and anthropometry. Information recorded at
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the scene of death included location of the scene, evi-
dence of drug paraphernalia, and the presence of others
at the scene. Autopsy and laboratory findings included
cause of death and contributing factors, the presence of
chronic medical conditions, and concentrations of alco-
hol and specific drugs and their metabolites identified in
toxicological screening. Characteristics of the fentanyl
and non-fentanyl groups were compared using Student's t
test (continuous variables) and chi-square statistic (categorical
variables) or Fisher's exact test when appropriate. Based upon
the bivariate analyses, logistic regression analysis was used to
model associations between specific variables and fentanyl-
associated fatalities and to examine gender-specific associa-
tions. Further modeling explored effect of measure modifica-
tion, examining the statistical significance of interactions
between gender and age and gender and marital status. All
data were analyzed using SAS statistical software version 9.1
(SAS Institute Inc., Cary, NC, USA), Microsoft Office Excel
2003 (Microsoft Corp., Redmond, WA, USA), and ArcGIS
version 9.1 (ERIS, Redlands, CA, USA). Median drug con-
centrations in a given matrix were compared. The geometric
mean of central to peripheral fentanyl concentration ratios was
calculated.

Results

Between January 1 and June 30, 2005, there had been five
(0.83 per month) fentanyl-associated fatalities in Wayne
County. Beginning July 1, 2005 through May 12, 2006,
there were 121 (11.5 per month) FHFs with laboratory
confirmed presence of fentanyl in Wayne County and 160
(15.2 per month) deaths with laboratory confirmed pres-
ence of the heroin metabolite 6-acetylmorphine (and no
fentanyl).

We excluded from the statistical analyses 20 of the 121
FHFs and nine of the 100 randomly selected fatalities se-
lected as part of the non-fentanyl, heroin-associated group
because further review supported that the deaths were not
due to illicit drugs (e.g., pain relief from trauma and opioid
prescription use). An additional NFHF was excluded be-
cause of insufficient data. After these exclusions, 101
(83 %) fentanyl-containing heroin-associated fatalities and
90 NFHFs were used in the analyses.

FHFs were more likely to be female (p=0.003) (Table 1).
Among this group, 57 % were white and 41 % were black:
proportions were similar among the NFHFs. The median
ages of the fentanyl group and the non-fentanyl group were
46 (range, 18–60 years) and 45 (range, 17 to 64 years),
respectively. Female FHFs were significantly older (median
age, 47; range, 18–58 years) than female NFHFs (median
age, 32; range, 18–59 years) at death, but no significant
difference in age was noted between the two groups among

males. Half of all fatalities (53 %) were in their own home at
the time of death. Overall, only 11 % had evidence of needle
tracks (i.e., scarring from chronic intravenous drug use),
suggesting the possibility of inhalation or insufflation as a
route of exposure or that the intravenous route was used
infrequently by the decedent.

FHFs were more likely to be women when compared to
the non-fentanyl group (Odds Ratio (OR)=2.70, 95 % Con-
fidence Interval (CI)=1.39–5.24). The results of bivariate
logistic regression models examining factors associated with
the fentanyl group when compared to the non-fentanyl
group are presented in Table 2. The median age for all
women was 44 years. The odds of being a FHF for women
over 44 were four times greater than the odds of women less
than 44 (OR=4.67; 95 % CI=1.29–16.96). The odds of
being a FHF among divorced/widowed women were 14
times greater than the odds among single women (95 %
CI=1.59–127). Among women, there was no clear trend in
association between body mass and fentanyl group status.
However, among men, each higher quartile body mass index
(BMI) was more negatively associated with being in the
fentanyl group. Men in the highest quartile of BMI were
70 % less likely to be a FHF than those in the lowest quartile
(OR=0.31; 95 % CI=0.12–0.84).

Overall, FHFs were one-half as likely to have been found
in the city of Detroit than in Wayne County outside the city
limits (OR=0.55; 95 % CI=0.31–0.98). Interestingly, males
in the fentanyl group were 62 % less likely than males in the
non-fentanyl group to be found within the city limits (OR
0.38, 95 % CI=0.19–0.76), while females in the fentanyl
group were 46 % more likely to be found in the city (OR
1.46, 95 % CI=0.46–4.57).

In a multivariable (gender, age, marital status, and
the interaction terms: gender × age, gender × marital
status) logistic model comparing FHFs to NFHFs, inter-
action terms remained statistically significant (Table 3).
Detection of multiple drugs of abuse was common in both
groups (Table 4). Although fentanyl detection in any biologic
medium met the laboratory criterion for being a case in this
study, most subjects in the fentanyl group had central (heart)
blood samples available for fentanyl testing (n=96; 95 %) and
fentanyl was detected in most (n=91; 95%). Of these, close to
half had no detectable heroin (or heroin metabolite) concen-
trations (n=37; 40.7 %) and more than half of these samples
had detectable cocaine concentrations (n=20; 54 %)
(data not shown). Among those fatalities with quantita-
tive results, drug concentrations were not statistically
different among the two groups (data not shown). The
median fentanyl concentration in central blood samples
was 0.02 μg/ml (n=100, range=0.002–0.051 μg/ml). In
peripheral blood samples, the median fentanyl concen-
tration was 0.02 μg/ml (n=32, range=0.004–0.069 μg/
ml). Twenty-one of the FHFs had both central and
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peripheral blood fentanyl concentrations recorded. The
geometric mean of the ratio of central to peripheral
values was 2.10 (median C/P=1.75).

With regard to autopsy findings, pulmonary edema was
the most frequently encountered finding and was present in

77 % of both groups (data not shown). Coronary artery
disease was present in 17 (17 %) FHFs and 21 (23 %)
NFHFs. No statistically significant differences in type or
number of pathologic findings at autopsy were noted be-
tween the two groups.

Table 1 Selected characteristics
of fentanyl-contaminated heroin-
associated and non-fentanyl,
heroin-associated fatalities

Bold values are statistically sig-
nificant result at the p<0.05
level
aFentanyl found on at least one
toxicology screen and listed as
cause of death
bHeroin, but not fentanyl, found
on at least one toxicology screen
cp value for Chi-square (race,
gender, marital status, and resi-
dence), Fisher's exact test (place
of death), or nonparametric Wil-
coxon test comparing medians
(age). Because of the missing
data for death scene and drug
history variables, statistical com-
parisons were not calculated

Fentanyla (n=101) Non-fentanylb (n=90) pc

n (%) n (%)

Gender 0.003

Female 39 (38.6) 17 (18.9)

Male 62 (61.4) 73 (81.1)

Race/ethnicity 0.88

White 58 (57.4) 50 (55.6)

African American 41 (40.6) 37 (41.1)

Hispanic/Latino 1 (1.0) 1 (1.1)

Missing 1 (1.0) 2 (2.2)

Age 0.61

1–19 3 (2.9) 2 (2.2)

20–29 15 (14.9) 15 (16.7)

30–39 15 (14.9) 16 (17.8)

40–49 42 (41.6) 32 (35.6)

50–59 24 (23.8) 22 (24.4)

60 + 2 (2.0) 3 (3.3)

Marital status 0.04

Single 44 (43.6) 49 (54.4)

Married 14 (13.9) 13 (14.4)

Divorced/widowed 24 (23.8) 9 (10.0)

Missing 19 (18.8) 19 (21.1)

History of drug use

Yes 71 (70.3) 59 (65.6)

Unknown 30 (29.7) 31 (34.4)

Place of death 0.26

Home 56 (55.5) 45 (50.0)

Public place 1 (1.0) 7 (7.8)

Emergency department 20 (19.8) 15 (16.7)

Hospital (not ED) 1 (1.0) 1 (1.1)

Car 5 (5.0) 5 (5.6)

Other 16 (15.8) 17 (18.9)

Missing 2 (2.0) –

Scene characteristics

Drug paraphernalia 33 (32.7) 26 (28.9)

Needle in vein 3 (3.0) –

Full syringe injected 2 (2.0) 1 (1.1)

Others overdosed in the same incident 5 (5.0) –

Evidence of shared drugs 1 (1.0) 1 (1.1)

Evidence of naloxone – –

Nonprofessional resuscitation attempted 1 (1.0) –

Died alone (not in hospital) 53 (52.5) 46 (51.1)

Trauma 6 (5.9) 3 (3.3)

Evidence of tracks 12 (11.9) 9 (10.0)
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Discussion

Epidemics resulting from use of illicit fentanyl and fentanyl
analogues have occurred sporadically in the United States in
the past 25 years [2–5, 10]. The deaths in this report contrib-
uted to one of the largest, recognized multistate outbreaks of
fentanyl-associated fatalities reported in the United States to
date. The number of cases associated with this multistate
outbreak peaked in June 2006, at which point case volume
began to fall slowly to zero by April, 2007. This drop corre-
sponded with the closure of a fentanyl-manufacturing plant in
Mexico (May 2006) [5]. The results from our investigation

demonstrate that the Detroit area encountered a resurgence of
illicit fentanyl use during 2005–2006 during this larger, mul-
tistate outbreak. Our investigation identified several findings
with potential public health implications.

A high proportion of FHFs in this report were female.
Nearly 40 % were women compared to previous outbreak
reports in which women accounted for 0–22 % of the victims
[2–4, 10, 11]. The reasons for the increased prevalence of
women in the fentanyl contaminated heroin-associated fatality
group is unclear. There is evidence of a gender difference in the
association between body mass and fentanyl status. Although
the highest quartile of BMI was associated with fentanyl use
among female fatalities and the opposite effect was seen among
male fatalities in our study, we do not have data regarding the
dose of fentanyl used and, therefore, were not able to determine
if a dose–response effect existed. Emerging evidence demon-
strates that there are sex-related differences in opioid response
that could result in women having a more pronounced clinical
effect and greater risk of toxicity [12]. There could be other, as
of yet unidentified, pharmacokinetic or pharmacodynamic
interactions resulting in women being more susceptible to
fentanyl. Finally, the prevalence of fentanyl and fentanyl-
contaminated product use may simply be increasing in women
compared to men for unclear reasons. Further complicating
interpretation of the effects of gender among FHFs is evidence
of effect modification by age and marital status. These inter-
actions may be of interest in future studies.

A substantial number of victims in our study had laboratory
evidence of recent cocaine (but not heroin) and fentanyl use,
which suggests that cocaine users may have been using a

Table 2 Associations between
selected variables in bivariate
models comparing fentanyl-
contaminated heroin-associated
fatalities and non-fentanyl,
heroin-associated fatalities

OR odds ratio, CI confidence
interval
aThe median ages are: overall
45, men 45, women 44
bQuartile cut points for BMI: all
22.6, 25.6, 30.0; men 22.9, 26.7,
30.1; women 20.9, 24.4, 28.7

All Men Women
OR (CI) OR (CI) OR (CI)

Gender

Male 1.0

Female 2.70 (1.39–5.24)

Age

≤Medianb (ref) 1.0 1.0 1.0

>Median 1.51 (0.85–2.68) 1.02 (0.52–2.00) 4.67 (1.29–16.96)

Race/ethnicity

Non-white/Hispanic (ref) 1.0 1.0 1.0

White 1.08 (0.61–1.91) 1.14 (0.58–2.26) 0.91 (0.29–2.88)

Marital status

Single (ref) 1.0 1.0 1.0

Married 1.20 (0.51–2.83) 0.55 (0.18–1.62) 8.27 (0.88–78.01)

Divorced/widowed 2.97 (1.25–7.07) 1.64 (0.60–4.50) 14.18 (1.59–127.01)

BMIb

1st quartile (ref) 1.0 1.0 1.0

2nd quartile 1.04 (0.46–2.34) 0.61 (0.24–1.55) 1.02 (0.21–4.98)

3rd quartile 0.50 (0.23–1.12) 0.53 (0.20–1.38) 0.82 (0.18–3.74)

4th quartile 0.52 (0.23–1.16) 0.31 (0.12–0.84) 1.51 (0.29–8.03)

Table 3 Associations between selected variables in a multivariable
model comparing fentanyl-contaminated heroin-associated fatalities
and non-fentanyl, heroin-associated fatalities

OR (CI) p value

Gender 0.52 (0.17–1.62) 0.26

Age (≤45= ref) 0.94 (0.42–2.08) 0.87

Gender × age 7.51 (1.08–52.46) 0.04

Marital status 0.92

Married 0.55 (0.18–1.63)

Divorced/widowed 1.67 (0.59–4.78)

Gender × marital status 0.02

11.49 (0.86–153.83)

7.50 (0.61–91.55)

OR odds ratio, CI confidence interval

Bold values are statistically significant at the p<0.05 level
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product adulterated with fentanyl, although the possibility that
both individual agents were used separately and simultaneously
cannot be definitively excluded. These findings suggest that
persons using street drugs other than heroin may be at risk for
fentanyl-associated adverse events as well, althoughmorework
is needed on this issue. Furthermore, non-opioid users of illicit
drugs may be at greater risk for fentanyl-associated toxicity
when compared to opioid users, since they are opioid-naïve.

Our results highlighted physical evidence of injection (as
a route of exposure) on physical examination in a relatively
small number of fatalities. It is often assumed by heroin drug
users that the risk of death is significantly decreased with
noninjection routes of administration [13]. However, given

fentanyl's potency, all routes of administration place the user
at risk of an overdose and an adverse event.

There are a number of ways to possibly decrease mortal-
ity from these agents in those who refuse to stop usage.
Opioid poisoning intervention programs, such as provision
of naloxone (an opioid receptor antagonist and antidote for
poisoning), aimed at recognized heroin users have been
successful in preventing fatal heroin overdoses and would
be expected to have similar results with fentanyl overdoses
regardless of route of administration and concomitant drug
exposure [14, 15]. Many heroin users have reported seeing
another individual overdose [16–18]. Thus, it appears that
there are often individuals present that could intervene and

Table 4 Frequency of positive drug tests in body fluids among deceased fentanyl-containing heroin-associated and non-fentanyl, heroin-associated
fatalities

Case group Central blood Peripheral blood Bile Urine Vitreous
n (%) n (%) n (%) n (%) n (%)

Alcohol screen

Fentanyl 21/100 (21) 0/33 (0) 0/24 (0) 21/76 (28) 18/52 (35)

Non-fent 26/86 (30) 1/7 (14) 1/21 (5) 24/73 (33) 13/46 (14)

Benzodiazepine screen

Fentanyl 32/100 (32) 1/33 (3) 10/24 (42) 13/76 (17) 0/52 (0)

Non-fent 19/86 (22) 2/7 (29) 6/21 (29) 8/73 (11) 0/46 (0)

Cocaine screen

Cocaine Fentanyl 37/49 (76) 1/2 (50) 9/9 (100) 38/42 (90) –

Non-fent 25/34 (74) 1/1 (100) 7/7 (00) 32/36 (89) –

Benzoylecognine Fentanyl 48/49 (98) 2/2 (100) 0/9 (0) 1/42 (2) –

Non-fent 34/34 (100) 0/1 (0) 0/7 (0) 3/36 (8) –

Ethylcocaine Fentanyl 6/49 (12) 1/2 (50) 5/9 (56) 20/42 (48) –

Non-fent 6/34 (18) 0/1 (0) 1/7 (14) 13/36 (36) –

Opioid screen

Heroin Fentanyl 0/96 (0) 0/33 (0) 0/23 (0) 0/73 (0) 1/34 (3)

Non-fent 0/80 (0) 5/7 (71) 0/2 (0) 1/60 (2) 0/36 (0)

Morphine Fentanyl 58/96 (60) 1/33 (3) 0/23 (0) 2/73 (3) 26/34 (76)

Non-fent 80/80 (100) 5/7 (71) 1/17 (6) 4/60 (7) 36/36 (100)

6-Acetyl morphine Fentanyl 17/96 (18) 0/33 (0) 0/23 (0) 35/73 (48) 31/34 (91)

Non-fent 47/80 (59) 3/7 (43) 7/17 (41) 55/60 (92) 34/36 (94)

Fentanyl Fentanyl 91/96 (95) 29/33 (88) 23/23 (100) 71/73 (99) 1/34 (3)

Non-fent 0/80 (0) 0/7 (0) 0/17 (0) 0/60 (0) 0/36 (0)

Norfentanyl Fentanyl 5/96 (5) 0/33 (0) 3/23 (13) 43/73 (59) 0/34 (0)

Non-fent 0/80 (0) 0/7 (0) 0/17 (0) 0/60 (0) 0/36 (0)

Methadone Fentanyl 9/96 (9) 3/33 (9) 4/24 (17) 6/68 (9) 0/33 (0)

Non-fent 6/80 (8) 0/7 (0) 2/20 (10) 9/70 (13) 0/32 (0)

Codeine Fentanyl 18/96 (19) 2/33 (6) 1/23 (4) 26/73 (36) 9/34 (26)

Non-fent 54/80 (68) 5/7 (71) 17/17 (100) 47/60 (78) 21/36 (58)

Hydrocodone Fentanyl 9/96 (9) 1/33 (3) 2/23 (8) 20/73 (27) 7/34 (21)

Non-fent 8/80 (10) 2/7 (29) 0/17 (0) 9/60 (15) 5/36 (14)

Oxycodone Fentanyl 2/96 (2) 0/33 (0) 0/24 (0) 2/72 (3) 0/33 (0)

Non-fent 2/80 (3) 1/7 (14) 0/20 (0) 2/68 (3) 1/34 (3)

n Number positive/total number tested (percentages)
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summon help. However, bystander response rates in over-
dose situations are uniformly poor [18–20]. Fear of police
involvement is commonly cited as a reason for not activat-
ing the emergency response system. Educational efforts
should focus on encouraging bystanders to immediately
activate the emergency response system in cases of drug
overdose. Further research could address potential interven-
tions to improve emergency medical service (EMS) activa-
tion such as assuring bystanders immunity from arrest or
prosecution [16–18].

Fentanyl blood concentrations measured in this outbreak
were similar, if not slightly higher than, blood concentrations
from previous outbreaks of fentanyl-associated fatalities
(mean=0.0083 μg/ml; range, 0.003–0.028 μg/ml) for both
central and peripheral blood testing results [21]. Many drugs
undergo postmortem redistribution from tissues into the
blood, which can complicate interpretation of postmortem
blood concentrations. Some studies have found that fentanyl
may undergo postmortem redistribution (defined by an aver-
age central blood fentanyl concentration/peripheral blood fen-
tanyl concentration >1) [21]. We found a geometric mean-
based central/peripheral blood fentanyl concentration ratio of
2.10 that is consistent with other studies [21]. Another possi-
ble explanation for the elevated central/peripheral fentanyl
concentration ratio is a lack of distribution. This may have
occured if deaths occured rapidly after exposure.

The reason for fentanyl adulteration of illicit street drugs is
unclear but might occur for various reasons. The production
cost for illicit fentanyl might be less than that of heroin. If so,
mixing fentanyl with other drugs might be more profitable for
the drugmanufacturers. The costs of transporting fentanyl into
the US (e.g., per kilogram) may be less than heroin given its
greater potency. Therefore, distributors may have had access
to greater amounts of fentanyl for a period of time and as a
result were substituting it, in part, for some of their product
(e.g., heroin). Alternatively, fentanyl could be introduced into
street drugs to make a more potent product. Drug users re-
portedly seek out dealers who sell drugs of high purity; thus,
drug dealers may exploit the overdoses as an indicator of
purity and potentially increase the demand for their product.
In a case series out of Bethlehem, PA, USA from 2006, nine
out of 30 overdose patients stated they had knowingly used
“blue bag” heroin (a street name for fentanyl-laced heroin),
probably hoping to obtain a greater euphoria [22]. An ethnog-
rapher interviewing drug abusers in Patterson, NJ, USA dur-
ing the fentanyl-heroin epidemic of 2006 found that increased
media coverage about the increased risk of overdose “only
confirmed this subculture's belief in the purity of heroin.” [23]
Thus, publicity and education regarding the dangers of
fentanyl-tainted heroin may, counterintuitively, only serve to
highlight and encourage a specific product for use.

Early detection of outbreaks, regardless of cause, is essen-
tial to protecting the public health. Unfortunately, fentanyl

detection requires specific testing and is not readily detected
on most routine opioid drug screens used in clinical settings
[24–26]. Thus, if a lab is not testing for fentanyl, its presence
will go undetected. This undoubtedly results in underrecog-
nition of fentanyl poisoning and death. Development of guide-
lines to help standardize and improve availability of forensic
toxicology testing with regard to fentanyl may improve the
capacity of state public health departments to study fentanyl-
associated fatalities further. Ongoing surveillance is also a
critical aspect of outbreak detection. Health care professionals
are encouraged to report all exposures and drug overdoses to
their regional poison center. When suspicious clusters of
deaths due to drug overdose are identified through an ME's
office, reporting to appropriate public health authorities and
poison centers should be encouraged. This may help in the
detection of a larger, more widespread problem by surveil-
lance systems such as the Drug Abuse Warning Network or
the National Poison Data System [27, 28].

Limitations

This investigation had several limitations. Retrospective chart
reviews rely upon what data are available and reported. The
past medical history and scene information in the ME's
records was often limited, and emergency medical services
and hospital medical records were not accessible. The possi-
bility that misclassification of fentanyl status might have
affected our results also must be acknowledged. Caution
should be taken when interpreting our geographic findings,
as persons may die in places other than where they live or
where they use their drug. The baseline prevalence analyses
used the recorded cause of death as the sole determining factor
for being a fentanyl or heroin-associated death, whereas
stricter criteria were used for the study period. This may have
resulted in a slight underestimation of the baseline prevalence.
The choice to use heroin-associated deaths as a comparison
group may mask certain opioid-specific characteristics that
could not be studied. Further work in this issue should con-
sider the use of a comparison group that uses illicit drugs other
than opioids. It is possible that non-fentanyl, heroin users are
different from fentanyl-containing heroin users and that they
may not be a good control group. Data collection and subject
enrollment for both the baseline prevalence and study period
were limited by available time, personnel, and resources of
personnel deployed to the field for this investigation. Our
baseline prevalence determination was relatively short
(6 months). This may have complicated interpretation of our
results as longer baseline prevalence would have provided
better data and revealed potential biases (e.g., seasonal vari-
ability). Some point estimates had corresponding wide CIs
reflecting data variability that complicates interpretation of
significant point estimates. This may be due to a number of
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different reasons such as sample size or difficulty in evaluating
certain variables posthumously. Fentanyl concentrations are
difficult to interpret given they were not obtained from uni-
form sites. Furthermore, normal postmortem physiologic pro-
cesses could affect accurate quantitation of fentanyl in
biological samples. We did not have information on interval
between death and biological sampling, which can influence
postmortem measurements; this may have affected our C/P
ratio calculations. Formal interindividual analysis was not
performed to assess the accuracy of chart abstraction.

Conclusion

The FHFs reviewed during this investigation inMichigan were
a part of the largest, multistate outbreak reported in the United
States to date. Illicit drugs may contain undeclared ingredients
for different reasons; the risk of fatality or other adverse health
effect from such ingredients will depend on type and dose.
Fentanyl exposure may occur through routes other than intra-
venous injection and users are likely using other illicit drugs.
This study found that gender differences in fentanyl-related
mortality may be modified by age and/or marital status. Al-
though not surprising, this is the first report of such a finding
with regard to fentanyl. Outbreaks of illicit drug-related illness
may differ from past outbreaks with regard to epidemiological
characteristics that, in turn, if identified, may help target na-
tional or region-specific interventions, inform public health
response efforts, and raise awareness among drug users and
health care providers. If a resurgence of illicit fentanyl-
associated illness occurs, the findings of this study may help
to inform public health response activities. These efforts may
allow for the development of local and national prevention
strategies that, ideally, can decrease morbidity and mortality
from fentanyl overdoses resulting in fatality.

Disclamer The findings and conclusions in this presentation are
those of the author(s) and do not necessarily represent the views of
the Centers for Disease Control and Prevention (CDC).
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