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ABSTRACT
Introduction: Implementing public health vending machines (PHVMs) is an evidence-based
strategy for mitigating substance use-associated morbidity and mortality via the dispensation of
essential supplies to people who use drugs, including overdose prevention resources. PHVMs
have been implemented throughout the world; however, their implementation in the United
States (US) is a recent phenomenon. In 2017, Trac-B Exchange (a syringe services program in
Clark County, Nevada) installed three PHVMs. In 2019, naloxone dispensation was launched at
PHVMs in Clark County. The purpose of this research is to examine the extent to which nalox-
one dispensation at PHVMs was associated with changes in opioid-involved overdose fatalities.
Methods: Monthly counts of opioid-involved overdose fatalities among Clark County residents
that occurred from January 2015 to December 2020 were used to build an autoregressive inte-
grated moving averages (ARIMA) model to measure the impact of naloxone dispensation at
PHVMs. We forecasted the number of expected opioid-involved overdose fatalities had naloxone
dispensation at PHVMs not occurred and compared to observed monthly counts. Interrupted
time series analyses (ITSA) were used to evaluate the step (i.e. the immediate impact of nalox-
one dispensation at PHVMs on opioid-involved overdose fatalities) and slope change (i.e.
changes in trend and directionality of monthly counts of opioid-involved overdose fatalities fol-
lowing naloxone dispensation at PHVMs).
Results: During the 12-months immediately following naloxone dispensation at PHVMs, our
model forecasted 270 opioid-involved overdose fatalities, but death certificate data indicated
only 229 occurred, suggesting an aversion of 41 deaths. ITSA identified a significant negative
step change in opioid-involved overdose fatalities at the time naloxone dispensation at PHVMs
was launched (B¼�8.52, p¼ .0022) and a significant increasing slope change (B¼ 1.01,
p<.0001). Forecasts that extended into the COVID-19 pandemic suggested worsening trends in
overdose fatalities.
Conclusion: Naloxone dispensation at PHVMs was associated with immediate reductions in opi-
oid-involved overdose fatalities.

KEY MESSAGES

� Naloxone dispensation at PHVMs was associated with immediate reductions in opioid-
involved overdose fatalities.

� Communities should consider implementing public health vending machines in efforts to pre-
vent opioid-involved overdose fatalities.

� The COVID-19 pandemic worsened the overdose crisis.
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Introduction

Overdose fatalities have increased in the United States

(US) for several years [1]. More than 100,000 overdose

fatalities are estimated to have occurred in the US

during the 1-year period ending in April 2021,

representing a nearly 30% increase from the same

period in the prior year [2]. Data from the Centres for

Disease Control and Prevention (CDC) suggested that

opioids were involved in most of these overdose fatal-

ities [2]. Risks for experiencing an opioid-involved
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overdose are not distributed equally [3–5]. People
who inject drugs (PWID) are at elevated risk for over-
dose (as compared to persons who use drugs via non-
injection routes of administration) given the rapidity
of intoxication following injection drug use [3]. In add-
ition, research has shown that people who use drugs
may unknowingly be exposed to potent synthetic
opioids (e.g. fentanyl) via adulterated drug sup-
plies [6].

In response to the ongoing overdose crisis, com-
munities have implemented an array of overdose pre-
vention initiatives, including: increasing access to
evidence-based drug treatment, implementing quick
response teams that aim to link persons who recently
overdosed to substance use treatment and harm
reduction services, passing Good Samaritan laws that
encourage persons to seek help during overdose
emergencies, and offering fentanyl test strips for drug
checking. Programs that distribute the overdose rever-
sal medication naloxone to persons at risk of experi-
encing or witnessing an overdose have also been
implemented and studied among several vulnerable
populations [7–15]. Further, a 2016 systematic review
found that take-home naloxone program utilisation
was associated with reductions in overdose mortality
rates [16]. There is also no evidence of naloxone
access encouraging or enabling substance use [14,
17–20]. While existing efforts to prevent overdose
should not be discounted, sustained escalations in
overdose fatalities underscore the need for innova-
tions in how communities approach over-
dose prevention.

Implementing public health vending machines
(PHVMs), sometimes referred to as harm reduction
vending machines or syringe vending machines, is an
evidence-based strategy for mitigating substance use-
associated morbidity and mortality via the dispensa-
tion of a variety of essential supplies to people who
use drugs, such as: sterile syringes and other injection
equipment, HIV test kits, condoms, sharps containers,
information about available health and social services,
first aid kits, hygiene kits, pregnancy tests, and over-
dose prevention resources [21–25]. PHVMs are not
new to the field of public health; they were first
implemented in 1987 in Copenhagen, Denmark, and
have subsequently been implemented in more than
14 countries [25]. Research has shown that the imple-
mentation of PHVMs increases access to sterile injec-
tion equipment and reduces syringe sharing
behaviours [22]. PHVMs may be particularly effective
for reaching populations who may not access services
at syringe services programs (e.g. younger PWID) [21].

Although PHVMs have been implemented in many
countries, their implementation in the US is a rela-
tively recent phenomena [26–28]. In 2017, Trac-B
Exchange (a syringe services program in Clark County,
Nevada) installed three PHVMs in efforts to prevent
outbreaks of HIV and viral hepatitis among PWID [28].
Initially, the PHVMs at Trac-B Exchange offered per-
sons sterile injection equipment. In 2018, with assist-
ance from Trac-B Exchange, a non-profit organisation
(Impact Exchange) was legally established and
assumed responsibility for harm reduction services
and operating the PHVMs. Due to familiarity of the
name and branding, Trac-B Exchange became a doing
business as (DBA) for Impact Exchange. After Impact
Exchange assumed the PHVM project from Trac-B
Exchange, additional PHVMs were implemented and,
in March 2019, naloxone dispensation was made avail-
able at three PHVMs in Clark County. Existing public
health literature about PHVMs is informative, but no
work has examined the extent to which naloxone dis-
pensation at PHVMs in the United States is associated
with shifts in overdose mortality. This reflects a signifi-
cant gap in the literature given that many commun-
ities throughout the United States recently
implemented PHVMs. Evaluating the degree to which
naloxone dispensation at PHVMs in Clark County
affected overdose fatalities may provide important
insights about the public health utility of PHVM imple-
mentation during a national overdose crisis.

Methods

Study context

Clark County is located in southern Nevada (US) and
spans nearly 8,000 square miles [29]. Though the
majority of land space in Clark County is rural, it has a
population over 2.2 million that primarily resides in
and around Las Vegas [29,30]. Paralleling broader
trends in overdose fatalities at the state level, Clark
County has been deeply affected by the opioid over-
dose crisis [31]. For example, in 2020, there were
nearly 200 fentanyl-involved overdose fatalities [31].
Overdose prevention initiatives in Clark County have
existed for several years, including naloxone dispensa-
tion at pharmacies, public health agencies, commu-
nity-based organisations, and the syringe services
program at Trac-B Exchange. In addition, the Southern
Nevada Health District (SNHD) provides overdose pre-
vention education and naloxone to first responders
and persons who may witness or experience an over-
dose in Clark County.
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PHVM implementation & operations

Trac-B Exchange first implemented three PHVMs in
2017. Over time, additional machines were imple-
mented in 2018, 2019, and 2020 (three, four, and
seven, respectively) throughout Clark County; however,
not all PHVMs were operational during a given calen-
dar year. PHVMs were implemented at organisations
that served PWID (e.g. offered substance use treat-
ment, clinical services) and expressed a willingness to
host a PHVM. In terms of where the PHVMs are geo-
graphically located, most operate in the area between
downtown Las Vegas and Southeast Las Vegas. All
PHVMs in Clark County are located indoors and
accessible within the hours of operations of the sites
where they operate. PHVMs being located indoors
stems from several factors, including: the need to pre-
vent the contents from exposure to extreme tempera-
tures and weather conditions, internet access (to track
vends), and reducing wear and tear on the machine.
Individuals interested in accessing resources at PHVMs
first had to register with Trac-B Exchange. The registra-
tion process could be completed at the Trac-B
Exchange storefront location or via engaging with out-
reach staff in the community. Once registered, persons
received a card with their vending identification num-
ber and a magnetic swipe card with their unique iden-
tifier pre-programmed on it. Unique identifiers were
used by staff to track products dispensed at each
PHVM and assist with inventory management. In
March 2019, naloxone dispensation was made avail-
able at three PHVMs. Each week, naloxone access was
limited to one kit (containing two doses) per client. In
the 12-months following the launch of naloxone dis-
pensation at PHVMs (and leading up to the global
COVID-19 pandemic), more than 1,800 naloxone doses
were distributed.

PHVM operations during the COVID-19 pandemic

At the onset of the COVID-19 pandemic, access to
PHVMs was affected differentially based on site. For
example, during the early months of the pandemic,
one site had staff conduct vends on behalf of clients,
potentially creating a higher threshold for service
access. Another clinic (which also had a PHVM)
required that all persons ring a doorbell to obtain
entrance in efforts to mitigate COVID-19 risks. PHVM
was less affected at other sites; for instance, one site
scaled back service access during the first four months
of the pandemic, but later reopened in June 2020. In
another venue, access to PHVM was not affected at all
by COVID-19 mitigation strategies. The COVID-19

pandemic also created challenges in terms of keeping
machines fully stocked. For example, Trac-B Exchange
limited its operational hours and, by extension, had
less time to restock PHVMs. Additionally, some clients
who utilised the PHVMs presented multiple identifica-
tion cards, potentially reflecting secondary exchange
activities (i.e. accessing services on behalf of others) in
efforts to reduce COVID-19 risks.

Overdose fatality data

Monthly counts of opioid-involved overdose fatalities
that occurred in Clark County and among Clark
County residents were obtained using death certificate
data from the SNHD. Similar to other overdose fatality
analyses, overdose fatalities were identified using the
following International Classification of Disease, Tenth
Revision (ICD-10) underlying cause of death codes
(X40–X44, X60–64, X85, and Y10–Y14) [32,33]. Opioid-
involved overdose fatalities were then identified
among the overdose fatalities via multiple cause-of-
death codes that indicated opioids (T40.0, T40.1, T40.2,
T40.3, T40.4, or T40.6). Data were organised into
monthly counts of opioid-involved overdose fatalities
as a time series spanning January 2015 to December
2020. March 2019 served as the interruption in our
time series given that it was when naloxone dispensa-
tion at PHVMs started (Figure 1). January 2015 to
February 2019 reflected the pre-implementation
period and March 2019 through December 2020 con-
stituted the post-implementation period.

Model fitting

We used Autoregressive Integrated Moving Averages
(ARIMA) modelling to evaluate the impact of naloxone
dispensation at PHVMs [34]. ARIMA models consist of
three components: the autoregressive component (the
autocorrelation among time points), the moving aver-
ages component (refers to each data point as a func-
tion of the average of the error terms in a specified
number of prior data points), and the integrated com-
ponent (the trend in the time series) [35,36]. We used
ARIMA modelling for this analysis given that it can
account for autocorrelation and seasonality in time
series data [37]. Further, as compared to segmented
regression analyses, conducting interrupted time series
analyses with ARIMA models can afford nuanced
examinations of complex patterns that result from an
intervention [37].

Our ARIMA model was fit to the time series using
the Box and Jenkins method [38]. For model
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identification, autocorrelation plots, the Augmented
Dickey-Fuller (ADF) test, minimum information criter-
ion method (MINIC), smallest canonical correlation
method (SCAN), and the Ljung-Box test for white noise
were used for the entire time period as well as for the
pre-intervention period (i.e. pre-PHVM implementa-
tion). Model fit was assessed for each of these periods
given our interest in understanding the impact of
naloxone dispensation at PHVMs and forecasting over-
dose mortalities without their implementation. The
ADF test did not identify a unit root, indicating the
data were stationary across both time periods and did
not require differencing.

Next, we sought to identify the autoregressive and
moving average components of the ARIMA model via
examining the autocorrelation function (ACF) and par-
tial autocorrelation (PACF) plots of the stationary ser-
ies (Appendix A). There was a positive autocorrelation
at lag 1, which suggested autoregressive terms were
needed [34]. Additionally, the ACF plot decayed more
slowly than the PACF plot, further suggesting that an
autoregressive term was needed and that the time
series was slightly under-differenced. The lag at which
the PACF plot cut off was three, suggesting that a
third order autoregressive term was needed. Taken
together, our ACF and PACF plots did not suggest a
moving-averages component was necessary. We also
used the MINIC and SCAN functions to further assess
best potential autoregressive and moving-average
orders. We fit multiple iterations of the model to each
data set and compared Akaike’s information criterion
(AIC), Schwarz’s Bayesian criterion (SBC), Ljung-Box
test statistics for white noise, and assessed for outliers

before selecting our final model. In essence, we ini-
tially considered third order as the most likely identifi-
cation of the autoregressive component of the ARIMA
model, but also compared it to first, second, and
fourth order models via AIC, SBC, and Ljung-Box test
statistics for white noise. These comparisons sug-
gested that a third order autoregressive parameterisa-
tion was best fitting to the data. Collectively, our
modelling fitting processes indicated an ARIMA (3,0,0)
was the best model type to use for our analyses.

Analyses

The fitted model was used to conduct two types of
analyses, interrupted time series analyses (ITSA) and
forecasting. This analytic approach (ARIMA modelling
and ITSA) has been shown to be a useful strategy for
assessing the impact of an intervention on time series
data [39–41]. ITSA was used to evaluate step and
slope changes in monthly counts of opioid-involved
overdose fatalities following naloxone dispensation at
PHVMs. The step change (which measured the imme-
diate impact of naloxone dispensation at PHVMs on
opioid-involved overdose fatalities) was evaluated via
a dichotomous variable (0/1) that indicated if a given
monthly count of overdose fatalities occurred before
or after naloxone dispensation at PHVMs. The slope
change (which measured changes in trend and direc-
tionality of monthly counts of opioid-involved over-
dose fatalities following naloxone dispensation at
PHVMs) was evaluated using a continuous variable in
which all months preceding naloxone dispensation
were assigned a value of zero and the month in which

Figure 1. Opioid-involved Overdose Fatalities in Clark County, Nevada, by month (January 2015 to December 2020).
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naloxone dispensation launched was assigned a value
of 1, with subsequent observation values increasing
by 1 (1, 2, … , n) until the end of the time series in
December 2020.

Using the ARIMA model, forecast analyses were
conducted to obtain monthly counts of opioid-
involved overdose fatalities that would have been
expected had naloxone dispensation at PHVMs not
occurred. Given the magnitude of the global COVID-19
pandemic on all facets of society, we compared the
forecasted number of overdose fatalities relative to
the actual counts over three time periods:

1. the 12-months immediately following naloxone
dispensation at PHVMs and preceding the identifi-
cation of the COVID-19 pandemic (March 2019 to
February 2020)

2. the 22-months following naloxone dispensation at
PHVMs, inclusive of COVID-19 pandemic-era data
(March 2019 to December 2020)

3. the 10-months during the COVID-19 pandemic
(March 2020 to December 2020).

For each of the time periods, the observed and
expected opioid-related overdose fatalities were com-
pared to calculate the difference between them. All
data analyses were conducted using SAS 9.4. Given
that this analysis did not constitute human subjects
research, it was not reviewed by an Institutional
Review Board.

Results

Between January 2015 and December 2020, Clark
County averaged 23.5 opioid-involved overdose fatal-
ities per month, with fewer on average in the months
preceding naloxone dispensation at PHVMs (January
2015 to February 2019) than in the post-naloxone dis-
pensation period (March 2019 to December 2020)
[22.5 vs. 25.7, respectively; p¼.0501]. An ARIMA (3,0,0)
model was determined to be the best fit for the time
series with no outliers or seasonal trend detected dur-
ing the months preceding naloxone dispensation at
PHVMs. During the 12-months immediately following
naloxone dispensation at PHVMs (March 2019 to
February 2020), the model forecasted 270 opioid-

involved overdose fatalities, but death certificate data
indicated only 229 actually occurred during this time,
suggesting an aversion of 41 deaths. Forecasting for
the 22-month period following naloxone dispensation
at PHVMs (March 2019 to December 2020) and par-
tially overlapping with the COVID-19 pandemic, the
model estimated that 495 opioid-involved overdose
fatalities would have occurred; however, death certifi-
cate data indicated that 566 actually occurred, a differ-
ence of 71 more deaths than expected. Forecasting
for the 10-month period that overlapped with the
COVID-19 pandemic (March 2020 to December 2020)
estimated that 225 opioid-involved overdose fatalities
would have occurred, but in actuality, 337 were
observed, reflecting an additional 112 fatalities
than expected.

Using the same ARIMA (3,0,0) model, interrupted
time series analyses were conducted to examine the
immediate and trend change in opioid-involved over-
dose fatalities following naloxone distribution at
PHVMs. Results of these analyses can be found in
Table 1. The ITSA model detected a significant nega-
tive step change in opioid-involved overdose fatalities
at the time naloxone dispensation at PHVMs launched
(B=-8.52, p¼.0022) and a significant increasing slope
change (B¼ 1.01, p<.0001).

Discussion

Our analyses suggest that naloxone dispensation at
PHVMs in Clark County, Nevada was associated with
immediate reductions in opioid-involved overdose
fatalities. However, these reductions were situated
within a broader context of worsening trends in over-
dose fatalities. The worsening trends in monthly over-
dose fatality counts parallel trends throughout the
United States and may be explained by a drug supply
that is widely contaminated with potent synthetic
opioids and adverse health effects associated with the
global COVID-19 pandemic (e.g. isolation, diminished
access to essential health and human services)
[31,42,43]. Further, a 2021 multistate study found that
access to drug treatment was significantly disrupted
during the COVID-19 pandemic, potentially exacerbat-
ing overdose risks among people who use drugs [43].

Table 1. Impact of naloxone dispensation at PHVMs on opioid-involved overdose fatalities in Clark
County, NV.

Coefficient t-Value p Value

Constant 22.58 26.68 <.0001
Immediate effect of naloxone dispensation at PHVMs �8.52 �3.18 .0022
Change in trend following naloxone dispensation at PHVMs 1.01 5.26 <.0001
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Our forecast models demonstrated that in the
12-months following naloxone dispensation at PHVMs
(and preceding the COVID-19 pandemic), 41 fewer
overdose fatalities occurred than what would have
been expected. In contrast, our analyses that examine
the 22-month period following the launch of naloxone
dispensation at PHVMs (and reflecting 10months of
the COVID-19 pandemic) suggested overdose fatalities
exceeded that which was forecasted, highlighting the
far-reaching effects of the COVID-19 pandemic. It is
important to be cognisant that there is no evidence to
suggest that providing naloxone at PHVMs resulted in
escalations in monthly overdose fatalities; indeed,
there is widespread scientific consensus that naloxone
provision does not encourage or enable substance use
[14,17–20]. Further, naloxone has no addictive poten-
tial [44].

Immediate reductions in overdose fatalities follow-
ing naloxone dispensation at PHVMs nested in the
broader context of worsening trends in overdose fatal-
ities underscores the need for communities to utilise
all available evidence-based strategies for overdose
prevention. Mathematical modelling studies have
found that combination approaches for overdose pre-
vention are most effective [45,46]. For example, Irvine
et al. (2019) found that the implementation of three
overdose prevention interventions (take-home nalox-
one, supervised consumption sites, and opioid agonist
therapy) in British Columbia averted more than 60%
of the overdose fatalities that were estimated to have
happened without their implementation [45]. Future
work should be conducted to better understand how
to scale up overdose prevention interventions, includ-
ing via expanding access to naloxone at PHVMs,
throughout the United States.

To our knowledge, this is the first study that exam-
ined the impact of naloxone dispensation at PHVMs in
the United States. However, PHVMs are not novel
interventions as they were first implemented in
Denmark in the late 1980s and since expanded to
more than 14 countries [21–23,25,47]. Communities
should work expeditiously to implement PHVMs given
sustained escalations in the overdose crisis. Further,
implementing PHVMs may be a viable strategy for
meeting the needs for sterile injection equipment
among PWID, and by extension, reduce risks for
bloodborne infectious disease acquisition. While there
is no silver bullet to preventing substance use-related
morbidities and mortalities, PHVMs are another evi-
dence-based tool that can be leveraged to support
the public health of people who use drugs.

Throughout PHVM implementation in Clark County,
there have been many lessons learned. For example,
PHVM placement is a key consideration of implemen-
tation. Machines should be located at venues that are
easily accessible for clients. Machines also require
internet access (to support real-time tracking of supply
dispensation) and an electrical outlet, potentially limit-
ing the locations where they may be placed.
Additionally, organisations may consider partnering
with other agencies that provide services (e.g. drug
treatment) to people who use drugs to co-locate
PHVMs and ensure access is as low threshold as pos-
sible. Agencies interested in implementing PHVMs
should also carefully consider associated costs, such
as: the costs of purchasing PHVMs, day-to-day oper-
ational costs (e.g. internet, electric, software), supplies
and packaging materials, and insurance. Conducting
needs assessments with potential clients prior to
PHVM launch may be beneficial for not only informing
the type and volume of supplies needed at each
machine, but also where PHVMs should be located.
Additionally, communities should consider discussing
with local populations of people who use drugs what
time(s) PHVMs should be accessible. Tailoring when
PHVMs are accessible to the times people who use
drugs prefer has the potential to enhance their access
and utilisation. Before PHVM implementation, stake-
holders should also explore community readiness and
assess if trainings about harm reduction services
are needed.

Our study has several limitations. First, our inter-
rupted time series analysis only includes one interrup-
tion (the launch of naloxone dispensation at PHVMs);
however, we know other events, such as the COVID-19
pandemic, occurred during the time period analysed.
We did not include an interruption in our analyses for
the onset of the COVID-19 pandemic given that the
impact of the pandemic evolved over time. Our analy-
ses also do not account for the implementation of
pandemic-related mitigation strategies (e.g. social dis-
tancing) and associated service access challenges. It is
possible that the extent to which these events (the
COVID-19 pandemic and associated mitigation strat-
egies) affected the utilisation of PHVMs varied over
the study period and by site. It is also plausible that
each PHVM serves a different segment of the popula-
tion of people who use drugs with potentially differ-
ent levels of willingness to seek supplies at PHVMs
during a pandemic. Future studies should characterise
the networks of people who use drugs that access
supplies at PHVMs and explore their preferences for
where and when machines are located. In light of
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these limitations, we elected to examine our forecast
models for monthly counts of opioid-involved over-
dose fatalities in three ways: the 12-months following
the launch of naloxone dispensation at PHVMs (pre-
ceding the COVID-19 pandemic), the 22-months fol-
lowing naloxone dispensation at PHVMs (including
10months that overlapped with COVID-19), and the
10-months during COVID-19. While we cannot deter-
mine causality with the available data, the forecasts
suggest that naloxone dispensation at PHVMs was
associated with significant and immediate reductions
in overdose fatalities and that the COVID-19 pandemic
was associated with increased overdose mortality.

Another limitation is that our analyses are unable
to account for where persons who administered nalox-
one acquired it. This is an important limitation given
that naloxone is available at venues throughout Clark
County. Notably, an overdose prevention initiative was
launched in 2018 which included efforts to distribute
naloxone to community stakeholders at risk for experi-
encing an overdose or who may be a bystander.
Another limitation is that we did not examine shifts in
the number of EMS calls for overdose nor overdose-
associated hospital visits. It is also plausible that shifts
in the drug supply may have differentially affected
overdose mortality over the study period. An add-
itional limitation is that we only examined monthly
counts of opioid-involved overdose fatalities from
2015 to 2020 due to limitations in data availability.
More nuanced analyses may be possible as more
recent overdose data become available. Another limi-
tation is that our analyses cannot speak to the totality
of interconnected factors that affect overdose fatalities
at the community level. Future studies should pair
quantitative analyses with complementary lines of
qualitative inquiry among people who use drugs to
understand the overdose prevention landscape more
holistically. Finally, our analyses are limited in that we
cannot ascertain the potential impact of simultan-
eously occurring overdose prevention initiatives; our
findings cannot speak to causality. It is conceivable
that the reductions in overdose fatalities we identified
stem from PHVM implementation in combination with
other overdose prevention interventions. Looking
ahead, studies should be conducted to determine the
constellation of interventions that maximise reductions
in overdose morbidity and mortality.

In conclusion, naloxone dispensation at PHVMs in
Clark County, NV was associated with immediate
reductions in opioid-involved overdose fatalities. In
the 12-months following naloxone dispensation at
PHVMs (and preceding the COVID-19 pandemic), our

model forecasted 270 opioid-involved overdose fatal-
ities, but death certificate data indicated only 229
actually occurred, suggesting an aversion of 41 deaths.
Future work should be conducted to better under-
stand how to bring PHVMs to scale throughout the
United States given that there are sustained increases
in opioid-involved overdose fatalities. Communities
should work expeditiously to implement evidence-
based overdose prevention interventions, including
naloxone dispensation at PHVMs.
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