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Abstract
Background: The opioid crisis in the United States may be exacerbated by the COVID-19 pandemic. Increases in opioid use,
emergency medical services (EMS) runs for opioid-related overdoses, and opioid overdose deaths have been reported. No study
has examined changes in multiple naloxone administrations, an indicator of overdose severity, during the COVID-19 pandemic.
Objective: This study examines changes in the occurrence of naloxone administrations and multiple naloxone administrations
during EMS runs for opioid-related overdoses during the COVID-19 pandemic in Guilford County, North Carolina (NC).
Methods: Using a period-over-period approach, we compared the occurrence of opioid-related EMS runs, naloxone
administrations, and multiple naloxone administrations during the 29-week period before (September 1, 2019, to March 9, 2020)
and after NC’s COVID-19 state of emergency declaration (ie, the COVID-19 period of March 10 to September 30, 2020).
Furthermore, historical data were used to generate a quasi-control distribution of period-over-period changes to compare the
occurrence of each outcome during the COVID-19 period to each 29-week period back to January 1, 2014.
Results: All outcomes increased during the COVID-19 period. Compared to the previous 29 weeks, the COVID-19 period
experienced increases in the weekly mean number of opioid-related EMS runs (25.6, SD 5.6 vs 18.6, SD 6.6; P<.001), naloxone
administrations (22.3, SD 6.2 vs 14.1, SD 6.0; P<.001), and multiple naloxone administrations (5.0, SD 1.9 vs 2.7, SD 1.9;
P<.001), corresponding to proportional increases of 37.4%, 57.8%, and 84.8%, respectively. Additionally, the increases during
the COVID-19 period were greater than 91% of all historical 29-week periods analyzed.
Conclusions: The occurrence of EMS runs for opioid-related overdoses, naloxone administrations, and multiple naloxone
administrations during EMS runs increased during the COVID-19 pandemic in Guilford County, NC. For a host of reasons that
need to be explored, the COVID-19 pandemic appears to have exacerbated the opioid crisis.
(JMIR Public Health Surveill 2021;7(5):e29298) doi: 10.2196/29298
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Introduction
The United States remains in an unrelenting opioid crisis.
According to the latest official mortality data from the Centers
for Disease Control and Prevention (CDC), 49,860 Americans
https://publichealth.jmir.org/2021/5/e29298
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died from an opioid-related overdose in 2019 (~137 per day),
a substantial increase from 2018 [1]. Furthermore, there is
mounting concern that the COVID-19 pandemic will exacerbate
the crisis [2,3]. Provisional data indicate that 81,003 people
died from a drug overdose during the 12 months ending in May
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2020, the highest ever recorded in a 1-year period in the United
States and a trend driven largely by heroin and synthetic opioids
[4].
The magnitude and volatility of the opioid crisis warrants
up-to-date data to monitor and guide intervention in the quickest
manner possible, especially during potentially aggravating
circumstances such as the COVID-19 pandemic [5]. However,
the primary data used to track the opioid crisis in the United
States (ie, verified opioid-related deaths from the CDC) are
outdated by at least a year, a lag that substantially limits their
value for surveillance purposes. Alternative timelier data have
been leveraged by several studies to explore the opioid crisis
generally [6,7] and how it has shifted since the onset of the
COVID-19 pandemic. Niles et al [8] analyzed national urine
drug testing patterns before and during the pandemic, and
reported a significant increase during the pandemic especially
for fentanyl and heroin. Wainwright et al [9] similarly reported
a significant increase in positive urine tests during the pandemic
for all drugs tested among a convenience sample of patients
with or at risk for substance use disorders. Like Niles et al [8],
the proportional increase reported by Wainwright et al [9] was
greatest for fentanyl and heroin. Using data from the National
Emergency Medical Services (EMS) Information System, a
national registry of EMS agencies representing 80% of EMS
dispatches across 47 states, Friedman et al [10] reported an
increase in overdose-related cardiac events from mid-March
through August 1, 2020. This surge in cardiac events
corresponded temporally with an increase in social distancing
as measured by cell phone mobility. Slavova and colleagues
[11] examined changes in the number of EMS runs 52 days
before and after the declaration of a state of emergency in
Kentucky on March 6, 2020, and reported a significant increase
in EMS runs in response to opioid overdoses after the
declaration. The increase in opioid overdose–related EMS runs
during COVID-19 reported by both Friedman et al [10] and
Slavova et al [11] is especially noteworthy in the context of an
overall decrease in EMS responses across the United States
during the early part of the COVID-19 outbreak [12].
In addition to their timeliness, EMS data are also potentially
valuable for studying the opioid epidemic because EMS
providers increasingly use naloxone, an opioid antagonist
medication, to treat respiratory depression in patients with
suspected opioid overdose [13-15]. Naloxone administrations
have been shown to hold promise as a near real-time proxy of
the opioid epidemic [16-20]. Positive associations between EMS
naloxone administrations and fatal and nonfatal overdose events
have been reported [13,21]. Furthermore, the percentage of
patients receiving multiple naloxone administrations has
increased over time and may reflect the increasing severity of
the opioid epidemic [14,22,23]. Although these studies suggest
that analyzing EMS data on naloxone administrations may be
a viable approach to monitor opioid overdoses, we are aware
of only two studies comparing EMS naloxone administrations
before and during the COVID-19 pandemic. Glober et al [24]
reported proportional increases in EMS runs for opioid
overdoses (43%), EMS-administered naloxone for opioid
overdoses (61%), and drug overdose deaths (47%) in Marion
County (Indiana) as compared to either of two prepandemic
https://publichealth.jmir.org/2021/5/e29298
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periods. Ballesteros et al [25] reported increases in both
EMS-administered naloxone for opioid-related overdoses (28%)
and opioid overdose deaths (15%) in Michigan from March 1
to September 2020, as compared with the same period in 2019.
To our knowledge, no study has examined changes in multiple
naloxone administrations during the COVID-19 pandemic.
This study examines changes in naloxone administrations during
EMS runs for opioid-related overdoses during the COVID-19
pandemic in Guilford County, the third most populous county
in North Carolina (NC). We focused on Guilford County for
two reasons. First, the confluence of the opioid crisis and
COVID-19 in Guilford County is evident. The number of opioid
overdose deaths increased in the county during the study period
(47 in 2015, 71 in 2016, 98 in 2017, 96 in 2018, and 108 in
2019) [1,26]. Likewise, COVID-19 deaths in the county
increased and, by the end of the study period, recorded a fatality
rate (35.3 per 100,000) resembling the rate for NC (34.9 per
100,000) [27]. Second, one of the study investigators secured
an ongoing data use agreement with the Guilford County EMS
department to regularly share EMS data. For these reasons, we
compared opioid overdose–related EMS runs, naloxone
administrations, and multiple naloxone administrations before
and during the COVID-19 pandemic in Guilford County.

Methods
Data
This study used data from the Guilford County, NC EMS
department on opioid overdose–related EMS runs from January
1, 2014, to September 30, 2020. These dates correspond
respectively to the earliest and latest data available to us prior
to manuscript submission. Opioid overdose–related runs were
identified using the fields primary impression and secondary
impression, as indicated by the EMS personnel for the reasons
for the encounter. The data set also included an observation for
each treatment (eg, naloxone) administered during an opioid
overdose–related EMS run. Because the data set was
deidentified, we used a combination of the incident date,
patient’s birth date, and patient’s gender to generate a
quasi-unique run identifier to identify runs that included multiple
naloxone administrations. We then grouped the data set to the
unit of analysis of opioid overdose–related EMS runs and
calculated weekly counts by calendar week to allow for
comparison over time.

Outcomes
We studied three weekly count outcomes: (1) opioid
overdose–related EMS runs, (2) naloxone administrations during
opioid overdose–related EMS runs, and (3) multiple naloxone
administrations during opioid overdose–related EMS runs.
Together, these outcomes permit the analyses of change in the
occurrence (1 and 2) and severity (3) of opioid overdoses
[14,16-20,22,23].
To measure change in these outcomes in the 29 weeks following
NC’s COVID-19 state of emergency declaration on March 10,
2020 (ie, the COVID-19 period), we calculated the mean of
each outcome during the 29-week COVID-19 period, then

JMIR Public Health Surveill 2021 | vol. 7 | iss. 5 | e29298 | p. 2
(page number not for citation purposes)

JMIR PUBLIC HEALTH AND SURVEILLANCE
expressed it as a percent change from the mean of the outcome
during a comparison period.

Period-Over-Period Approach
We evaluated period-over-period change between the
COVID-19 period and two other comparison periods. For the
first, we compared the COVID-19 period to the 29 calendar
weeks immediately preceding the state of emergency declaration
(September 1, 2019, to March 9, 2020). For the second, we
compared the COVID-19 period to the same 29 calendar weeks
of the previous year (March 13 to October 5, 2019). The second
comparison accounts for potential seasonality in opioid
overdoses [28]. We chose to include the second comparison
after time series decomposition showed yearly seasonality in
opioid overdose–related EMS runs.
This period-over-period approach is a generalization of the
year-over-year growth rate commonly used in finance and
business analytics [29]. The period-over-period changes between
the COVID-19 period and the comparison periods can be
considered the absolute effect size. To test the hypothesis that
the COVID-19 period and comparison periods had unequal
means, we conducted Welch unequal variances t tests for each
outcome and comparison period. We treated the means in each
29-week period as independent samples. We used a critical
value of 0.05 and two-tailed tests. Although these comparisons
depict the magnitude of change of the outcomes during the
COVID-19 period, they alone cannot convey how unique such
a change is compared to more distal past periods. What may
seem like a large increase may not be noteworthy (nor connected
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to the COVID-19 pandemic) if changes of similar magnitude
occurred frequently in the past. Therefore, we used historical
data to generate a quasi-control distribution of
period-over-period changes to compare to the change observed
during the COVID-19 period.
This produced 270 possible comparisons of a 29-week period
to the previous 29 weeks, and 246 possible comparisons of a
29-week period to the same 29 weeks of the previous year. We
repeated this process for both comparison periods. We then
compared the change during the COVID-19 period to the
distribution of past period-over-period changes. This provides
a measurement of how extreme the change in outcomes during
the COVID-19 period was relative to past changes.

Illustration of Period-Over-Period Approach
Figure 1 depicts the process used to calculate these
period-over-period changes for the COVID-19 period (shown
in orange) and the comparison periods (shown in blue). In the
top timeline, the period-over-period change for the COVID-19
period is calculated by comparing the outcome from March 10
to September 30, 2020, to the outcome during the previous 29
weeks. The next three timelines depict how the quasi-control
distribution was generated for more distal periods. In the second
timeline (control period 1), the first control observation was
calculated by comparing the outcome from January 1 to July
18, 2015, with the outcome from July 19, 2015, to January 30,
2016. The ellipses indicate that, from this starting point to the
beginning of the COVID-19 state of emergency declaration, a
control observation was calculated for each calendar week.

Figure 1. Illustration of period-over-period change method using previous 29 weeks as comparison period from January 1, 2015, to September 30,
2020.
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Statistical Analyses
The equations in Figure 1 show how period-over-period change
was calculated for each period. This analytic approach is similar
in concept to the common difference in difference (DID)
quasi-experimental research design [30]. In DID terms, we
treated each possible 29-week period as a unit p that is observed
twice (t, t-1). For each period, pt is the mean of the outcome
during the primary period and pt-1 is the mean of the outcome
during the comparison period (either the previous 29 weeks or
the same 29 weeks of the previous year). We calculated the
percent change in period p as Δp = (pt – pt-1) / pt-1. We can
consider the COVID-19 period to be the treatment group, which
is exposed to the treatment condition (the COVID-19 pandemic)
in t and to the control condition in t-1. The distribution of past
period-over-period changes forms the control group, which is
exposed to the control condition in both t and t-1. This results
in a control group of n=270 or n=246 (depending on the
comparison period used) and a treatment group of n=1.
This treatment group of n=1 precluded the usual regression
analysis and statistical inference used with DID study data.
Instead, we used two simple heuristics to express how extreme
the change in outcomes during the COVID-19 period was
relative to past changes. First, we calculated the percentile of
the COVID-19 period (Δ) within the distribution of past changes.

https://publichealth.jmir.org/2021/5/e29298

XSL• FO
RenderX

Khoury et al
This allowed us to determine how often period-over-period
changes of greater magnitude had occurred in the past. We then
plotted period-over-period changes over time and graphically
compared the change in outcomes during the COVID-19 period
to the recent trend. The plot shows how each period forms one
observation in a timeline where period-over-period change is
calculated for each calendar week.
Finally, a series of figures further illustrates how the increases
in outcomes during the COVID-19 period represent departures
from historical trends. For each figure (Figures 2-4), the x-axis
represents time from the first possible comparison period
(February 8, 2015) since the beginning of the data set (January
1, 2014) to the end of the COVID-19 period (September 30,
2020). The y-axis represents period-over-period change or the
percent change in each period relative to its comparison period.
Each bar shows a 29-week period’s change from its comparison
period, 1 calendar week at a time as previously described. The
furthest right bar (in orange) shows the outcome during the
COVID-19 period. Period-over-period changes are shown for
opioid overdose–related EMS runs (Figure 2), naloxone
administrations (Figure 3), and multiple naloxone
administrations (Figure 4).
All data analysis was conducted using Python 3.8 (Python
Software Foundation) and the Python packages NumPy 1.19.0,
SciPy 1.5.0, and pandas 1.0.5.
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Figure 2. Historical period-over-period change in emergency medical services runs involving opioid overdoses in Guilford County, North Carolina
before and after the COVID-19 state of emergency declaration.
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Figure 3. Historical period-over-period change in emergency medical services runs involving naloxone administrations in Guilford County, North
Carolina before and after the COVID-19 state of emergency declaration.
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Figure 4. Historical period-over-period change in emergency medical services runs involving multiple naloxone administrations in Guilford County,
North Carolina before and after the COVID-19 state of emergency declaration.

Results

seasonality may account for some, but not all, of the increase
from the previous 29 weeks.

All three outcomes increased sharply and significantly during
the COVID-19 period (Table 1).

Further, the increases in outcomes during the COVID-19 period
were extreme historically. Table 2 shows, for both comparison
periods, the COVID-19 period change expressed as a percentile
of the quasi-control distribution of all past period-over-period
changes. Across the three outcomes, the increase during the
COVID-19 period was greater than 91% of all past 29-week
period-over-period changes. When compared to the same 29
weeks of the previous year, the increase for each outcome during
the COVID-19 period exceeded at least 63% of all past changes.

Table 1 shows that, compared to either 29-week comparison
period, the mean number of opioid overdose–related EMS runs,
naloxone administrations, and multiple naloxone administrations
increased during the COVID-19 period. For each outcome, the
magnitude of change during the COVID-19 period was greater
when compared to the previous 29 weeks than when compared
to the same 29 weeks of the previous year. This suggests that
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Table 1. Mean and percent change in EMS runs involving opioid overdoses, naloxone administrations, and multiple naloxone administrations in
Guilford County, North Carolina before and after the COVID-19 state of emergency declaration.
Outcomes

COVID-19 peri-

Comparison period

oda, mean (SD)b
Previous 29 weeksc

a

Same 29 weeks of previous yeard

Mean (SD)b

COVID-19 peri-

Mean (SD)b

COVID-19 period

Opioid overdose–related EMSg 25.6 (5.6)
runs

18.6 (6.6)

37.4

<.001

20.6 (6.5)

24.3

.003

Naloxone administrations

22.3 (6.2)

14.1 (6.0)

57.8

<.001

17.2 (6.9)

29.7

.006

Multiple naloxone administrations

5.0 (1.9)

2.7 (1.9)

84.8

<.001

3.3 (1.8)

51.5

<.001

P value

od change (%)e,f

P value

change (%)e

March 10 to September 30, 2020.

b

Weekly mean and SD of outcome during period.

c

September 2, 2019, to March 9, 2020.

d

March 13 to October 5, 2019.

e

(COVID-19 period mean – comparison period mean) / comparison period mean.

f

The percentage changes shown may not correspond exactly to the values shown due to rounding.

g

EMS: emergency medical services.

Table 2. Magnitude of period-over-period change in EMS runs involving opioid overdoses, naloxone administrations, and multiple naloxone
administrations in Guilford County, North Carolina before the COVID-19 state of emergency declaration.
Percentile (%)a

Comparison period
Opioid overdose–related EMSb runs
Previous 29 weeksc

94.8

Same 29 weeks of previous yeard

81.7

Naloxone administrations
Previous 29 weeksc

91.1

Same 29 weeks of previous yeard

63.0

Multiple naloxone administrations

a

Previous 29 weeksc

98.1

Same 29 weeks of previous yeard

76.8

Percentile of COVID-19 period-over-period change within quasi-control distribution of all past period-over-period changes.

b

EMS: emergency medical services.

c

September 1, 2019, to March 9, 2020.

d

March 13 to October 5, 2019.

All outcomes showed mostly positive period-over-period
changes from 2015 to 2017. An inflection point occurred in mid
to late 2017 when naloxone administrations and multiple
naloxone administrations started to drop (in July 2017), followed
by a drop in opioid overdose–related runs (in November 2017).
From 2018 to 2020, the outcomes continued to decrease, and
most period-over-period changes were negative. In the
COVID-19 period, a sharp increase occurred for all outcomes.
The large positive period-over-period changes in the COVID-19
period are thus an abrupt and large departure from the recent
trend of mostly negative period-over-period changes. Most
notably, multiple naloxone administrations increased by 84.8%
https://publichealth.jmir.org/2021/5/e29298
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when compared to the previous 29 weeks and by 53.7% when
compared to the same 29 weeks of 2019.

Discussion
This study detected increases in the occurrence of EMS runs
for opioid-related overdoses, naloxone administrations, and
multiple naloxone administrations during EMS runs in the
course of the COVID-19 pandemic in Guilford County, NC.
The findings confirm and extend research on the convergence
of the opioid epidemic and the COVID-19 pandemic. The study
replicates previous research [11,24,25] by showing increases
JMIR Public Health Surveill 2021 | vol. 7 | iss. 5 | e29298 | p. 8
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in opioid overdose–related EMS runs and EMS-administered
naloxone during the COVID-19 pandemic in a large
metropolitan county in NC. The sharp increase in multiple
naloxone administrations, an indicator of the potential lethality
of opioid overdoses [13,21,22], constitutes new evidence linking
COVID-19 to an increase in the severity of the overdose crisis.
Moreover, the period-over-period analytic approach
demonstrates unequivocally that the increases observed for each
outcome were historically uncharacteristic of prior periods
dating back to 2014 and not explained by seasonality effects.
Together, these findings indicate that opioid overdoses have
increased in occurrence and severity in Guilford County during
COVID-19 to a great extent, thereby contributing to growing
empirical support for the hypothesis that the COVID-19
pandemic exacerbates the opioid epidemic [31,32].
To help interpret the findings reported here and elsewhere, we
refer to a host-agent-vector-environment model to synthesize
the multifactorial evolution of the opioid overdose crisis in the
United States [33]. Based upon a modification of the
epidemiological triangle model of disease for chronic health
conditions [34-36], the model posits that the risk of opioid
overdose results from an interaction of risk factors associated
with the host (ie, individual-level factors such as addiction
susceptibility or opioid tolerance), the agent (ie, external factors
such as heroin or fentanyl), the vector (ie, purveyors of licit and
illicit drugs), and the environment (ie, contextual external factors
such as the economy or geography). With this model in mind,
this study offers compelling evidence that the COVID-19
pandemic serves as a potent environmental factor that increases
the risk of opioid overdoses, perhaps by augmenting the
risk-conferring nature of other factors in the model.
There are a variety of ways by which the environmental strain
of the COVID-19 pandemic could interact with host, agent, and
vector factors to potentiate opioid overdose risk. Host factors
(eg, central nervous system depression) associated with overdose
risk may intensify under conditions of social isolation by using
opioids alone and without the availability of a bystander to
administer naloxone [3]. Indeed, Friedman et al [10] reported
increases in EMS runs for opioid overdose cardiac arrests that
corresponded with decreases in mobility, an indicator of social
isolation. Other host factors (eg, tolerance to opioids) may
temporarily decrease due to pandemic-related barriers that limit
acquiring and using opioids, only to be supplanted with an
escalation of overdose risk when opioids become more available
and used at prehiatus dosage [3,37]. Consistent with this notion,
Currie et al [38] reported an initial fentanyl-fueled spike in
opioid overdose deaths in Ohio approximately 6 weeks
following the declaration of a national public health emergency
on March 13, 2020. Notably, opioid overdose deaths returned
to comparable historical levels within approximately 3 months.
Regarding agent factors, it is evident that the COVID-19
pandemic began during the third wave of the opioid epidemic
when overdoses were increasingly attributable to the use of
heroin and fentanyl [39]. With its estimated 50 times potency
of heroin, fentanyl and other synthetic opioids substantially
intensify the risk of fatal and nonfatal overdoses [40].
Additionally, polysubstance abuse increases overdose risk [41]
and has now been empirically linked to risk of opioid overdoses
https://publichealth.jmir.org/2021/5/e29298
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during COVID-19 [26]. Regarding vector factors, COVID-19
may potentiate supply-side pressures that intensify overdose
risk [3,42]. Fentanyl increasingly dominates the illegal drug
market [43] and remains highly prevalent in drugs tested during
the pandemic [9]. National drug positivity rates increased
especially for fentanyl and heroin despite a decrease in overall
positivity during the study period [8], suggesting a net increase
in lethality due to greater exposure of fentanyl in the drugs that
were used.
Regarding specific environmental factors, reduced access to
treatment and other services for opioid use disorders likely
contributed to overdoses [44]. Opioid use disorder treatment
and harm reduction services have been substantially impacted
by COVID-19 social distancing regulations due to limits on
face-to-face contact [45]. Historically, harm reduction services
such as syringe exchange programs, drug consumption rooms,
naloxone distribution, and fentanyl test strips have been provided
in an in-person capacity. In fact, Schlosser and Harris [46] argue
that harm reduction services are predicated on the “physical,
social, and emotional intimacies” associated with drug use,
conditions that were limited after social distancing regulations
were introduced. Bartholomew et al [47] found that 15% of
needle and syringe programs across nine states closed during
COVID-19, 72% were operating at limited capacity, and 25%
eventually pivoted to provide virtual harm reduction services.
These trends in closures, reduced hours, and service
modifications are reflected across the United States [48] and 25
countries in Europe [49].
Our study has several limitations. The use of a convenience
sample of EMS records in a single county limits the
generalizability of the findings. Although our finding of
increased naloxone administrations during COVID-19 replicates
a study conducted in Marion County (Indiana) [24],
investigations in other geographical locations are needed. By
using only EMS data, the use of naloxone by bystanders or other
first respondents (eg, law enforcement) are not included.
Furthermore, part of the increase in opioid-related EMS runs
during the pandemic may be driven by temporary redirection
of other treatment access points, perhaps due to a disincentive
to seek care at hospitals during the pandemic. There is also a
potential for misclassification of overdose events, as EMS
responders may overuse naloxone in some cases. Because of
their anonymized nature, EMS data were not linked to death
records; doing so would help verify multiple naloxone
administration as a proxy for severity. It also remains unclear
the extent that the increases in naloxone administrations and
multiple naloxone administrations reported here are attributable
to the COVID-19 pandemic independent of fentanyl’s effect;
research on this is needed.
To our knowledge, this study is the first to report an increase
in both occurrence and severity of opioid overdoses during the
COVID-19 pandemic. Our study also encourages additional
research on the use of EMS data on naloxone administrations
and multiple naloxone administrations to monitor opioid
overdoses. The timeliness, ubiquity, and specificity to the opioid
crisis make EMS data on naloxone administrations especially
viable proxy measures of the evolving opioid epidemic, even
during public health disasters such as the COVID-19 pandemic.
JMIR Public Health Surveill 2021 | vol. 7 | iss. 5 | e29298 | p. 9
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More broadly, our study reiterates the value of data sharing
among public health and safety, research, community, and
academic organizations for tracking the opioid crisis [5,7,50,51].

Khoury et al
The global sharing of COVID-19 data clearly shows that this
is possible.
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