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Article history: Background: Firearm sales in the United States (U.S.) markedly increased during the COVID-19 pandemic.
Recgived 17 January 2022 Our objective was to determine if firearm injuries in children were associated with stay-at-home orders
Revised 24 March 2022 (SHO) during the COVID-19 pandemic. We hypothesized there would be an increase in pediatric firearm
Accepted 31 March 2022 injuries during SHO.

Methods: This was a multi institutional, retrospective study of institutional trauma registries. Patients

Keywords: <18 years with traumatic injuries meeting National Trauma Data Bank (NTDB) criteria were included. A

Pediatric trauma “COVID” cohort, defined as time from initiation of state SHO through September 30, 2020 was compared

Firearm violence to “Historical” controls from an averaged period of corresponding dates in 2016-2019. An interrupted

g%gﬁ time series analysis (ITSA) was utilized to evaluate the association of the U.S. declaration of a national

Gun violence state of emergency with pediatric firearm injuries.

2020 Results: Nine Level I pediatric trauma centers were included, contributing 48,111 pediatric trauma pa-
tients, of which 1,090 patients (2.3%) suffered firearm injuries. There was a significant increase in the
proportion of firearm injuries in the COVID cohort (COVID 3.04% vs. Historical 1.83%; p < 0.001). There
was an increased cumulative burden of firearm injuries in 2020 compared to a historical average. ITSA
showed an 87% increase in the observed rate of firearm injuries above expected after the declaration of
a nationwide emergency (p < 0.001).

Conclusion: The proportion of firearm injuries affecting children increased during the COVID-19 pan-
demic. The pandemic was associated with an increase in pediatric firearm injuries above expected rates
based on historical patterns.
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1. Introduction

With the spread of the SARS-CoV2 virus (COVID-19) causing a
worldwide pandemic, there have been unprecedented alterations
in daily living. Following World Health Organization (WHO) rec-
ommendations for social distancing, more people began working
from home, unemployment increased, and both public and pri-
vate schools transitioned to temporary closure and remote educa-
tion. The United Nations Educational, Scientific, and Cultural Orga-
nization (UNESCO) reported that 1.37 billion school-aged children
worldwide were at one point out of school [1]. Simultaneously, as
children were forced to stay at home, families experienced job loss
and increased financial strain. According to the United States (U.S.)
Bureau of Labor Statistics, the United States reached an unemploy-
ment rate of almost 15% at its peak [2].

During this time, Americans began to purchase firearms at an
extraordinary rate. In the first four months of the pandemic, 4.3
million more firearms were purchased in the U.S than expected
based on historical trends, an 85% increase [3]. In addition, the
United States experienced heightened racial tensions in 2020 with
several high-profile police shootings. Many of these events oc-
curred within the Midwest region, where there was heightened
awareness that children were increasingly becoming victims of
firearm injuries [4-6].

The objectives of this study were to determine the association
of the start of the COVID-19 pandemic with firearm injuries and
to explore the change in predictors of firearm injuries and out-
comes before and after SHO. We hypothesized that the COVID-19
pandemic would be associated with an increase in firearm injuries
among children.

2. Methods
2.1. Study design and population

In this multi institutional study, nine Level I pediatric trauma
centers from the Midwest Pediatric Surgery Consortium (www.
mwpsc.org) contributed local trauma registry data from January 1,
2016 to September 30, 2020. Study inclusion criteria comprised in-
jured children <18 years old who met National Trauma Data Bank
(NTDB) standards, such as those admitted, transferred, and/or died.
A complete list of inclusion criteria can be found on the American
College of Surgeons’ NTDB website [7]. Institutional review board
approval was obtained at each site with a waiver of consent.

The primary aim of the study was to evaluate the association
of the COVID-19 pandemic with changes in pediatric firearm in-
juries. The primary outcome of interest was change in the volume
of pediatric firearm-related injuries. Secondary outcomes included
mortality, hospital length of stay (LOS), and hospital disposition.
Intensive care unit (ICU) stay and days on mechanical ventilation
were analyzed only for those patients who had an ICU LOS or ven-
tilator days > 1 day, respectively.

The study population was divided into two cohorts. The first
was the “COVID” cohort, which was defined as patients who were
injured from the date of the SHO to September 30, 2020. Each
site’s individual SHO orders were defined based on local and state
ordinances. A “Historical” cohort was used as the comparator. Pa-
tients from corresponding SHO dates to September 30 from 2016
to 2019 were averaged in order to minimize outlying effects from
any one year. In addition, a sensitivity analysis comparing the
COVID cohort to patients evaluated over the same period in 2019
alone was completed to account for temporal changes in care (e.g.,
population changes, catchment area re distribution, triage pattern
changes including centralization or decentralization). Demograph-
ics, injury characteristics, and outcomes were compared between
cohorts. Using the U.S. Department of Agriculture’s definition of

rural counties, a crosswalk was used to code resident zip codes
into urban or rural categories [8]. Rural was defined as open coun-
tryside, towns with <2500 people, and cities with 2500-49,999
people not part of a larger metropolitan area. Specific injuries
were categorized by body region using the International Classifica-
tion of Disease 10th revision (ICD-10) diagnosis codes to obtain a
more granular description of the firearm injuries. Location External
Cause Codes were used to categorize those injuries that occurred
inside or outside a home. Data for this variable were only available
from 7 of the 9 sites, and only those sites were included in this
specific analysis.

Predictors of pediatric firearm violence were explored. The year
2020, following SHO dates, was the exposure period of interest.
With known associations between social determinants of health
and firearm violence [9], we set out to determine the association
between firearm violence and social vulnerability. The CDC’s So-
cial Vulnerability Index (SVI) ranks each census tract on 15 so-
cial factors compromising 4 domains: socioeconomic status, house-
hold composition and disability, minority status and language, and
housing and transportation. An SVI of 0 indicates the population of
lowest level of vulnerability and 1 the highest vulnerability. SVI as
a predictor of pediatric firearm violence was examined.

2.2. Statistical analysis

The Pearson Chi Square was used to compare categorical vari-
ables, while Student’s t-test and Wilcoxon rank-sum were used to
compare normally distributed continuous variables and non para-
metric continuous variables, respectively. If missing data comprised
>5% then it would be presented in the results section. Significance
was set at p < 0.05. Using a LOESS smoothing technique, month-
to-month variations in gun violence were graphed for the two co-
horts, COVID vs. Historical. We considered both the average num-
ber of firearm injuries per month and the cumulative burden of
firearm injuries throughout the year.

Among all injured patients, logistic regression was used to as-
sess a child’s odds of firearm injury post COVID-19 pandemic in
2020 compared to the Historical cohort, controlling for age, sex,
race, SVI. To minimize any regional confounders, clustering by site
was also included in the model. Simple random sampling (SRS) of
the non firearm injuries was compared to firearm injuries owing
to the imbalance in population sizes. The SRS model was boot-
strapped 1000 times to limit any potential rare event bias.

An interrupted time series analysis (ITSA), using a Poisson dis-
tribution, was used to determine the difference in expected and
observed rates of firearm injuries in a longitudinal fashion, while
still controlling for the known temporal variations of traumatic
injuries. An “interruption” of March 13, 2020 was used as this
was the date of declaration of a state of emergency in the U.S
in response to the COVID-19 pandemic. Local and regional SHO
went into effect shortly following this announcement. Variations
between expected versus observed rates of firearm injuries per
month were compared. All analyses were performed using R sta-
tistical software (RStudio, version 1.4.1717 © 2009-2021 RStudio,
PBC) [10].

3. Results

From January 1, 2016 to September 30, 2020, a total of 47,385
pediatric trauma patients met inclusion criteria. Of this popula-
tion, 1,062 children (2.2%) sustained firearm injuries. Overall, the
COVID cohort experienced significantly more firearm injuries than
the averaged Historical cohort (COVID 215 patients (3.04%) vs. His-
torical 108 patients (1.83%); p < 0.001). This was consistent in
the sensitivity analysis using just 2019 data (COVID 215 patients
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(3.04%) vs. Historical 109 patients (1.79%); p < 0.001). The num-
ber of firearm injuries observed each month significantly increased
in March through September 2020 relative to the Historical cohort
(p = 0.006, Fig. 1a) with an increased cumulative burden of firearm
injuries in 2020 when compared with prior years (Fig. 1b).

There were no significant differences in baseline characteristics
of sex, age, SVI, or Injury Severity Score (ISS). There was a sig-
nificant difference in ethnicity across cohorts (Table 1); however,
this was driven by a decrease in “unknowns” in the COVID cohort.
There were no significant differences in the intent of firearm in-
juries and the proportion of injuries that occurred in the home

(Table 1). The sensitivity analysis using 2019 as a recent historical
control did not vary greatly from the averaged Historical cohort in
terms of demographics or outcomes (Supplement Tables 1 and 2).
There was no significant change in the COVID cohort with respect
to the specific types of injuries resulting from firearms when com-
pared to the Historical cohort (Supplement 3). In addition, there
were no significant differences in the mortality, hospital or ICU
length of stay, ventilator days, or hospital disposition between co-
horts (Table 2).

In univariate analyses, age, sex, race and SVI were associated
with increased odds of pediatric firearm injury (Table 3) and were
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Table 1
Demographic and injury characteristics; Number (%).
Historical average 2016-2019 COVID 2020 p-value
Total N = 431 N =215
Averaged N = 108
Male 82 (76.6) 164 (76.3) 0.696
Age, years 0.948
<1 2 (1.9) 3(1.4)
1-4 12 (11.1) 26 (12.1)
5-9 13 (12.0) 20 (9.3)
10-14 31 (28.7) 64 (29.8)
15-17 50 (46.3) 102 (47.4)
Mean age, years (SD) 12.3 (4.8) 12.5 (4.8) 0.55
Race 0.464
White 23 (21.3) 39 (18.1)
African American 76 (70.4) 149 (69.3)
Other 9 (8.3) 27 (12.6)
Ethnicity <0.001
Hispanic 4 (3.7) 17 (7.9)
Non-Hispanic 79 (73.8) 187 (87.0)
Unknown 24 (22.4) 11 (5.1)
Residence 1.0
Rural 6 (5.6) 11 (5.1)
Urban 101 (94.4) 203 (94.9)
Social Vulnerability Index, quartiles 0.277
1st Quartile, least vulnerable 8 (7.5) 7 (3.3)
2nd Quartile 19 (17.8) 48 (22.3)
3rd Quartile 38 (35.5) 69 (32.1)
4th Quartile, most vulnerable 42 (39.3) 91 (42.3)
Weighted Mean SVI (SD) 0.64 (0.21) 0.66 (0.20) 0.3
Median Household Income 0.201
1st Quintile 53 (49.1) 105 (48.8)
2nd Quintile 23 (21.3) 49 (22.8)
3rd Quintile 14 (13.0) 28 (13.0)
4th Quintile 9 (8.3) 27 (12.6)
5th Quintile 9 (8.3) 6 (2.8)
Payor 0.289
No Insurance 9 (8.4) 22 (10.2)
Private 19 (17.8) 26 (12.1)
Public 77 (72.0) 156 (72.6)
Unknown/Missing 2(1.9) 11 (5.1)
Injury Severity Score (ISS) 0.779
0-15 44 (41.5) 97 (45.1)
16-24 14 (13.2) 24 (11.2)
25+ 48 (45.3) 94 (43.7)
Injury Intent 0.299
Unintentional 29 (26.9) 52 (24.2)
Assault 64 (59.3) 136 (63.3)
Suicide 5 (4.6) 3(14)
Other 10 (9.3) 24 (11.2)
Location of Injury 0.93
Home 31 (40.8) 60 (40.5)
Other 44 (57.9) 85 (57.4)

* Includes 7 of the 9 sites.

thus included in the multivariate model. In adjusted analysis, in-
jured children were at almost 80% increased odds of suffering a
firearm injury post SHO in 2020 compared to prior years (adjusted
odds ratio (aOR) 1.78, 95% CI 1.45-2.12, p < 0.001; Table 4). In
the sensitivity analysis using bootstrapped SRS, a similar effect size
was demonstrated, with children at 63% higher odds of sustaining
a firearm injury in 2020 (aOR 1.63, 95% CI 1.17-2.27, p = 0.018;
Supplement Table 4).

After the declaration of a state of emergency, there was
an increase in observed firearm injuries over the expected rate
(Fig. 2). This difference was statistically significant within the Pois-
son model, which calculated 87% higher odds of injured children
suffering firearm injuries during the COVID-19 pandemic following
SHO (OR 1.87, 95% CI 1.54-2.28, p < 0.001).

4. Discussion

This study found that during the COVID-19 pandemic, there was
a significant change in the volume of pediatric firearm injuries.

There was an increased cumulative burden of firearm injuries in
2020 compared to a historical average. After controlling for multi-
ple risk factors, injured children were at higher odds of sustain-
ing a firearm injury in 2020 compared to prior years. Further-
more, there was an increase in the observed rate of firearm injuries
above that of the expected rate after the onset of the COVID-19
pandemic. Although our study group found that occupancy motor
vehicle collisions decreased during the pandemic, there was an in-
crease in falls and injuries from bicycles and ATVs, leading to a
net increase in overall trauma [11]. Thus, the rise in the proportion
of firearm injuries is not fully explained by an overall decrease in
other mechanisms of injury.

To date, there have been two other studies published evaluating
rates of pediatric firearm injuries during the COVID-19 pandemic.
Cohen et al. queried the Gun Violence Archive for patients <12
years old and found that from March to August 2020, firearm in-
juries both suffered and perpetrated by children increased when
compared to historical controls [12]. Although our study also in-
cluded adolescents, similar trends were observed. Gastineau et al.
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Table 2
Outcomes after firearm injury; Number (%).
Historical average 2016-2019 COVID 2020 p-value
Total N = 431 N =215
Averaged N = 108
Overall mortality 9 15 0.999
Death in ED 4 (44.4%) 8 (53.3)
Inpatient death 5 (55.6) 7 (46.7)
ED Disposition 0.731
Floor/Observation 45 (41.7) 90 (41.9)
(@] 17 (15.7) 24 (11.2)
Operating Room 26 (24.1) 46 (21.4)
Transfer Out 2 (1.9) 7 (3.3)
Morgue 4 (3.7) 8 (3.7)
Home 10 (9.3) 32 (14.9)
Unknown 4 (3.7) 8 (3.7)
Hospital Disposition 0.457
Morgue 5(5.4) 7 (4.3)
Home & Home Services 72 (77.4) 133 (81.1)
Other Facility 9(9.7) 14 (8.5)
Jail or Against Medical Advice 3(3.2) 2(1.2)
Unknown 4 (4.3) 8 (6.9)
Median vent days [IQR] 2.5 [1-7] 4 [1-5] 0.64
Median LOS, ICU [IQR] 3 [2-6.5] 3 [2-5] 0.95
Median LOS, hospital [IQR] 2 [1-7] 2 [1-6] 0.98

" Of patients that had vent or ICU LOS >1day.

Table 3

Univariate regression for the association with firearm injuries compared to any other type of injury.
Variable Odds Ratio 95% CI p-value
Age, years
<1 049 0.25-0.89 0.030
1-4 1.55 1.11-2.14 0.009
5-9 Ref - -
10-14 330 2.52- 4.36 <0.001
15-17 10.38 8.06-13.56 <0.001
Sex (Male) 2.06 1.72-2.48 <0.001
Race
Caucasian Ref - -
African American 15.91 13.11-19.44 <0.001
Minority, other 4.25 2.90-6.24 <0.001
Other 3.93 2.51-5.82 <0.001
Social Vulnerability Index (SVI), Quartile
1st, most resourced Ref - -
2nd 1.9 1.34-2.75 <0.001
3rd 3.631 2.62-5.16 <0.001
4th least resourced 12.81 9.27-18.18 <0.001

Table 4

Multivariate regression with aggregate population measuring the association of the COVID pandemic (2020) and firearm injury, accounting for demographic factors.
Variable 0Odds Ratio 95% CI p-value
Historical Control Ref - -
COVID Cohort 1.78 1.45-2.12 <0.001
Age, years
<1 0.37 0.18- 0.69 0.002
1-4 1.31 0.94-1.82 0.108
5-9 Ref - -
10-14 2.89 2.20-3.85 <0.001
15-17 8.41 6.47-11.06 <0.001
Gender (Male) 1.65 1.37-2.01 <0.001
Race
Caucasian Ref - -
African American 10.65 8.61-13.25 <0.001
Minority, other 4.24 2.83-6.18 <0.001
Other 3.39 2.23-5.17 <0.001
Social Vulnerability Index (SVI), Quartile
1st, most resourced Ref - -
2nd 1.57 1.10-2.29 0.015
3rd 2.30 1.64-3.3 <0.001

4th least resourced 3.63 2.56-5.27 <0.001




A.T. Collings, M. Farazi, KJ. Van Arendonk et al./Journal of Pediatric Surgery 57 (2022) 1370-1376 1375

g - —— With Interruption
s —— Without Interruption o
5 N : .
S |:| Time period after interruption .
S
]
a
w
ke EREs
E o
5 .
g° 0
£
e
@©
]
—
[ °
el o [ [ o o
= o [ o o o
3 8 - ° ° o oo
n ° o °
€ o o oo o o o T
.Q_" ° o [+] e
© ° ) o
E_' ° ° °
) o o oo
[ o ° o ]
8 o
- o o
£ - °
5
z ° Q
[
£
g o
<<
o 1
| [ [ [
2016 2017 2018 2019 2020
Year

Fig. 2. Interrupted time series with the interruption point representing the declaration of state of emergency in the U.S. (March 13, 2020).

probed the Pediatric Health Information System and reported an
almost 40% increase in firearm-related encounters in 2020 when
compared to 2017-2019, although there was no change in patient
demographics between time points [13]. We observed increased
firearm injury rates during the COVID-19 pandemic, supporting the
findings of these studies. Our study uniquely found that the least
resourced children, measured by those in the 4th SVI quartile, were
at the greatest risk during this time.

In adults, analogous findings have been observed. Several sin-
gle and multi institutional studies have shown that firearm injuries
in adults increased after SHO when compared to previous years
[14-17]. There may be a regional effect on the change in frequency
in firearm injuries, with Midwest and urban areas experiencing a
greater increase in firearm injuries compared to Western states and
rural areas [16,18]. Our study confirms that the increase in firearm
injuries after SHO in the Midwest also affected children with an
increased cumulative burden of firearm injuries and a significant
increase in the odds of an injured child sustaining a firearm injury
compared to prior years.

The downstream consequences of the COVID-19 pandemic and
SHO have yet to be completely understood; however, as fear,
mistrust, and uncertainty increased, many individuals obtained
firearms for protection [19,20]. There was an unprecedented surge
in US gun and ammunition sales in 2020, often by first-time buy-
ers who may also be less likely to know how to safely use, secure
and store weapons [3,19,21]. Additionally, some parents reported
that fear of protests, home invasion, or the unknown caused them
to make firearms more accessible to their adolescent children [20].

There were several limitations to our study. First, this was a ret-
rospective study with its inherent limitations, including an inabil-
ity to determine causation rather than association between events.
We chose to use institutional trauma registry data and therefore
were limited to evaluating patients whose injuries met NTDB in-
clusion criteria, thus excluding patients who were discharged di-
rectly home from the ED or who died before hospital arrival. Im-
plementation of SHO orders varied between different regions and

states, which may have caused some site variations in its effects.
Despite the large catchment areas of the included trauma centers,
this study was not a population-based assessment and thus gener-
alizability may be limited.

5. Conclusions

The proportion of firearm injuries affecting children increased
during the COVID-19 pandemic. After controlling for significant de-
mographics, injured children were at higher odds of sustaining a
firearm injury in 2020 compared to previous years. The pandemic
was associated with an increase in pediatric firearm injuries above
expected rates based on historical patterns. Future work must de-
termine if this increase was a transient shift during the acute
phase of the pandemic or rather a sustained level of increased vi-
olence. This work will help direct resources toward firearm injury
prevention should the trend continue.
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