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ABSTRACT
The rapid rise of heroin and fentanyl over the past few years has become a troubling and
overwhelming public health issue. Mortality from drug-related overdose has surpassed other
historically leading causes of death, such as unintentional motor-vehicle accidents. Heroin and
non-prescription fentanyl have become associated with increases in opioid mortality, particularly
in the Northeastern United States. However, epidemiologic studies and standard surveillance
data systems do not adequately capture different combinations of illicit drugs and emerging drug
threats. Stamp bags, which are small wax packets typically used to sell heroin, are one type of
drug evidence that can be used to evaluate drug patterns on the street.

The purpose of this dissertation is to utilize a stamp bag dataset to examine trends in
illegal drugs in Allegheny County, Pennsylvania. Specifically, we aim to build and describe a
database of stamp bag information from 2010 through 2017, evaluate geographic trends in illegal
drugs across the county and over time, and describe the rapid rise in illicit fentanyl and emerging
synthetic drugs using these data.
Public Health Significance: the dataset we are using is a departure from traditional measures in
public health with a focus on the rapid rise of illicit fentanyl. Stamp bag data has not been used
to evaluate public health problems as compared to morbidity and mortality data. In public health

peer-reviewed literature, this data has not been described or used to evaluate patterns in illegal

drug supply.
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1.0 INTRODUCTION

“Each day, 46 people die from an overdose of prescription painkillers in the US.” (1)

In 2017, CDC published a report with troubling statistics; using medical claims data, it is
estimated that a single day prescription increases the risk of continued abuse or dependency by
6%. (2). Given this information, it is perhaps even more important to recognize that 20% of
patients with pain (unrelated to cancer) will receive an opioid prescription. (3) This serves as a
reminder that the opioid epidemic continues into the present day, even with changing trends
among prescribing, drug use, and illicit drugs. With drug-related overdose death remaining the
leading cause of unintentional injury death in the United States (4) and nonfatal overdoses
increasing six-fold since the late nineties (5), future research and surveillance of drug overdose
will be critical to ascertain the burden of disease and death, develop more effective prevention
strategies, and pinpoint continuing problematic risk factors that precipitate drug misuse and
abuse. Still, almost 30% of the United States does have legitimate chronic pain that warrants
some sort of treatment. (5)

In Pennsylvania, this upward trend in drug-related overdose mortality has been even
more pronounced as compared to the rest of the United States. (6; 7) Middle aged white males

are particularly affected (6).



Apart from legally prescribed opioids, there has been a surge in heroin (8; 9), and illicit
fentanyl-related overdose where heroin is mixed with fentanyl. (9) This is an escalating issue that
requires attention and concern by the public health community and its stakeholders. Since these
drugs are highly addictive and adulterated heroin has the potential to be highly lethal, there is
reason to expect this trend to continue over time as illicitly manufactured fentanyl continues to

be mixed with heroin. (10; 11)

1.1.1 Overall Objectives and Aims

This dissertation is part of an applied track in Epidemiology and in pursuit of a DrPH at the
University of Pittsburgh Graduate School of Public Health. The purpose of this manuscript is to
utilize a non-traditional dataset for public health surveillance and to examine the changing
landscape of illicit opioids in Allegheny County, Pennsylvania. Part of the data consists of
laboratory drug chemistry results of tested stamp bags in the county, which are small, wax
packets that are used to contain and sell heroin. The second part of the data consists of matching
law enforcement records that describe the location of the event where stamp bags were recovered
by law enforcement and the individuals present at the scene. The overall objective is to
characterize the trends in illegal drugs (particularly heroin and fentanyl) in Allegheny County,
PA from 2010 through 2017 and identify any geographic clustering that may have occurred
among combinations of drugs. Specifically, we aim to:

Aim 1. Develop an illicit drug surveillance system for use by public health, law
enforcement, and the medical examiner by merging data sources from law enforcement
and the medical examiner office for incidents of stamp bag seizures

o Create and standardize drug category definitions for monitoring illicit drugs in stamp

bags



« Develop a sustainable infrastructure and process for adding future years of data

o Develop quality control checks for ensuring accuracy of matching, cleaning and
measurement

o Create and implement rules for data cleaning, particularly to clean and/or remove
duplicate observations and to exclude irrelevant observations

o Describe characteristics of the database, including population characteristics and stamp

bag drug contents

Aim 2: ldentify spatial patterns among stamp bag seizures in Allegheny County, PA from
2010 through 2017 using the surveillance database

e Geocode addresses using a two-variable matching algorithm to ensure completeness of
the data

« Evaluate the burden of stamp-bag related activity among regions across the county using
thematic mapping.

o Evaluate the degree of spatial autocorrelation among stamp bag cases using hot spot

analysis at the zip code, census tract and block group levels.

Aim 3: Describe the increase in illicitly manufactured fentanyl in Allegheny County, PA
using stamp bag data.

o Describe the change in fentanyl that is detected within stamp bags over time, as well as
combinations of fentanyl with other drugs
« Identify specific, unique fentanyl analogs that have been detected in the county since

2014



e Report the stamps that are most commonly associated with fentanyl and fentanyl analog

stamp bags, as well as the number of unique stamps by year

1.2  THE OPIOID EPIDEMIC
“The amount of opioids prescribed per person was three times higher in 2015 than 1999 (12)

1.2.1 Definitions

Opioids are defined as any substances that have morphine like qualities or effects. They include
drugs like oxycodone, hydrocodone, methadone, and heroin. (13; 14) Table 1 displays several

commonly prescribed (and abused) drugs along with their class, schedule, and routes of

ingestion.(15)

Table 1: List of drugs and corresponding characteristics

Drug Drug Class Schedule | Uses Mechanism of Use
Oxycodone Semi-synthetic opioid I Pain reliever Snort, inject, eat
Hydrocodone Semi-synthetic opioid I Pain reliever Snort, inject, eat
Heroin Semi-synthetic opioid [ Illegal (in U.S.) Smoke, snort, inject
Methadone Synthetic opioid I Pain relief, maintenance Inject, eat

treatment
Fentanyl Synthetic opioid I Pain reliever S_nort, inject, eat, absorb

via patch

Alprazolam Benzodiazepine v Anxiety and panic Inject, eat

Buprenorphine

Mixed narcotic
agonist/antagonist

Pain relief; maintenance
treatment

Inject, absorb

Smoke, inject, rub into

Cocaine Stimulant 1 Illegal

gums
Morphine Opiate I Pain relief Inject, eat, smoke
Marijuana Cannabinoid I Psychoactive Smoke, eat, drink
Methamphetamines | Stimulant I Illegal Smoke, snort, eat, inject

Tobacco

Recreational

Snort, chew, smoke




1.2.2 History

“Enough prescription painkillers were prescribed in 2010 to medicate every American adult

around-the-clock for a month.” (16)

As noted elsewhere, opium and its derivatives have existed and been used for both therapeutic
and illicit purposes for thousands of years. When considering the current epidemic of
prescription opioid abuse and overdose, it is critical to reflect on trends and norms in prescribing
and clinical practice in the past few decades. Perhaps it is of no surprise that upward trends have
been documented in prescription sales (17-18), prescriptions supply (10, 19-20) and prescription
use. It has been well-established, though, that there has not been a similar increase in self-
reported pain by individuals in the United States (20-21), suggesting that there is indeed a
problem and an overall change in how these drugs are being accessed and used, particularly

informally shared among friends and family. (22)

1.2.3 Physiology

Opioid overdose occurs when, simplistically, opioid molecules cross the blood-brain barrier and
bind to opioid receptors in the brain. (23) Heroin overdose occurs via similar mechanism; that is,
it is metabolized to morphine and binds to opioid receptors in the brain. In the case of heroin, this
process occurs very rapidly and results in a quick feeling of euphoria. Thus, the individual’s
breathing is depressed. (24) Much like an opioid overdose, heroin-related overdoses can be

reversed with the timely administration of naloxone. (25)



1.2.4 Epidemiology

Non-fatal overdose, abuse and misuse of opioids has been documented at the local, state and
federal level among all age groups. Between 1993 to 2012, hospitalizations related to opioid
misuse or overdose among adults increased by 150% (26). Starting in 2001, there were roughly
663,715 opioid and heroin-related hospital admissions up until 2012, representing yet another
slight increase in hospital visits for overdose. (27) For adults, these increases were fueled by user
groups that typically had lower rates of abuse or misuse such as women or very elderly
individuals. (26, 28) Heroin users, as expected, were younger than individual who visited with
opioid-related issues. (27-28)

Each day, hundreds of individuals in the United States visit the emergency department for
opioid misuse or abuse. (29) Specifically, visits for non-medical use of opioids, particularly
oxycodone, increased by 111% between 2004 and 2008. (30) A systematic review evaluated the
lifetime prevalence of non-fatal overdose worldwide and found rates as low as 16% and as high
as 68%. (31) Hospitalizations, regardless of where they occur, are also extremely costly to the
healthcare system, (32) with one study estimating $700 million in annual hospital costs. (27)

Prescription drug abuse has also become an alarming issue among adolescents and young
adults. Among younger individuals, the prevalence of self-reported narcotic use among 12
graders were 4.8% in 2016. In 2015, the past-year self-reported prevalence of narcotics use

among individuals ages 18 to 25 was 8.5% and 0.6% for heroin. (13).



1.2.5 Risk Factors for Overdose

The opioid epidemic is strikingly different in terms of who is at greatest risk of overdose, misuse
and abuse. Individuals with the highest risk are white, middle-aged males (33-34).
Geographically, drug misuse and abuse are no longer restricted by urbanicity; rural areas,
including Appalachia and the rural South, have tremendous rates of overdose and fatal overdose
(18, 35, 36) However, no one person or area is immune from this epidemic. In fact, some of the
demographics of opioid users and the subsequent risk factors for overdose have changed as the
epidemic has progressed.

Women, as a risk group, are more likely to be prescribed these painkillers and tend to
have more chronic and acute pain than men. (28, 37, 38) White women are five times more likely
to receive prescriptions for both opioids and benzodiazepines than their male counterparts, which
is also a major risk factor for overdose (39, 40) and consequently, the increase in the rate of
opioid-related overdose mortality has been larger for women than for men in the past decade.

(37)

1.2.6 Mortality

“Deaths from prescription painkiller overdoses among women have increased more than 400%

since 1999, compared to 265% among men.” (37)

The rate of mortality due to all drug-related overdose surpassed that of motor vehicle traffic
accidents for the first time in the past decade (9, 41) and totaled over 165,000 deaths between

1999 and 2014. (3) In 2010, misuse of opioids resulted in 17,000 deaths alone. (40) Figure 1



comes from the National Center for Health Statistics (41) and shows the overdose mortality rate
surpassing the motor vehicle mortality rate. Figure 2 displays the rate of overdose deaths
involving opioids for the past fourteen years, also from the National Center for Health Statistics.
(41) This figure demonstrates the changing trends in opioid-related deaths, particularly with

respect to illegal and synthetic opioids (see Figure 2).
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Figure 1: Death Rates by Underlying Cause: Poisoning, Drug-Related and MVC, United States
*Data from the National Center for Health Statistics Brief 81 in 2011.
Poisonings include all poisons. Drug-related includes all drugs and not just opioids.

In 2016, West Virginia had the highest fatal age-adjusted drug-related overdose rate (52.0
per 100,000), followed by Ohio (39.1), New Hampshire (39.0) and Pennsylvania (37.9).
Significant increases in mortality occurred in the southern states as well, some by more than
100% (35, 42)

Starting in 2000, the rate of overdose mortality attributed to opioids increased by 200%.
(9) Overall, these deaths have increased by more than four times since the nineties, fueled at
times by both licit and illicit opioids. (43, 44) Table 2 below displays estimated mortality rates

by demographic sub-group for the opioid epidemic from select studies or surveillance reports:



Table 2: Population-based opioid overdose mortality rates for demographic subgroups, all opioids,
United States, 2014-2015

Reference Group Opioid Overdose Data Source I
. Citation

Mortality Rate
General population 13.3 per 100,000 Vital Statistics (45)
White 21.1 per 100,000 pop Vital statistics (42)
Male 18.3 per 100,000; Vital statistics 9
Middle age (45-54 yrs.) 30 per 100,000 pop Vital Statistics (42)
Release from prison; past 2
weeks 1,840 per 100,000 CDC Wonder (46)




20 THE HEROIN EPIDEMIC

“45% of people who used heroin were also addicted to prescription opioid painkillers.”” (47)

Heroin usage and overdose have increased in recent years during a somewhat declining
prescription opioid epidemic. (47-49) In the United States, the death rate from heroin has risen
by 20.6% from 2014 to 2015 (9) and tripled between 2010 and 2015. (42). Poison center data
suggest that while overdoses due to heroin began to increase in the early 2000’s, there was an
even larger spike around 2010. (47)

In Pennsylvania, for example, this is an enormous public health problem. From 2015 to
2016, the change in age-adjusted rate of drug overdose fatalities in Pennsylvania was an increase
of 44.1%, one of the worst in the nation. (9, 42). Pennsylvania jumped from the 6™ highest drug
overdose mortality rate in 2015 to the 4" highest in 2016. (9, 42) In Allegheny County,
Pennsylvania, nearly 60% of overdose deaths involved heroin (50).

It is important to understand the purity of heroin that enters communities, examine the
association with overdose, and identify temporal and geographic trends as demand for heroin
increases and new suppliers enter the market. Given limited resources, public health
organizations can develop and use alternative methods to identify different types and sources of
heroin. Very few, if any, public health entities have utilized stamp bag tracking as a form of

surveillance to date. A regional reports of overdose statistics in Kentucky cited “law enforcement

10



submissions” to describe illicit drug evidence. (51) Stamp bags are only one way that heroin is
marketed and sold; in the western part of the United States, black tar heroin is transported using
balloon-like vehicles (52). Northeastern states, such as New York, Delaware, and Pennsylvania
are some of the few regions in the U.S. where stamp bags are widely used. (53) Access to these
stamp bags and their drug contents offers a unique opportunity to examine how it might be used

for surveillance and prevention of heroin overdose.

2.1.1 History

Drug epidemics, heroin trade, and the concept of “overdosing” is a historical one. (54) Heroin
became illegal in the United States in 1920. However, heroin did not make its first appearance in
the 2