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A B S T R A C T   

This study sought to characterize frequency and demographic characteristics of firearm injury and penetrating 
trauma in Maryland over the first year of the pandemic, by comparing these characteristics to those of the three 
years prior to stay-at-home order issuance. 

Patients were identified in the Maryland Health Services Cost Review Commission database using ICD-10 
codes for firearm injury by all intents and assaults by penetrating trauma. Cases from July 1, 2017 to March 
31, 2020 (“pre-stay-at-home”) were compared to those from April 1, 2020 to March 31, 2021 (“post-stay-at- 
home”) using descriptive statistics. 

There was no significant change overall in frequency or demographics of firearm injury or penetrating trauma 
in the year after stay-at-home orders were issued. Youth between ages 15 and 24, overwhelmingly male, 
comprise a disproportionately high percentage of firearm injuries and assaults, and most penetrating trauma 
occurs in urban environments where Black non-Hispanic youth and children of low socioeconomic status are at 
high risk. Our study also found unintentional firearm injury among adults was significantly increased during the 
pandemic. 

While increased unintentional firearm injury among adults was the major significant change found in our 
study, the persistence of firearm injury, particularly in youth, racial and ethnic minority groups, and those in 
urban environments, should be deeply concerning. Stay-at-home policies did not keep youth safer from firearm 
injury. With continued high rates of firearm injury and the national debate over how to prevent these incidents, 
increased education and comprehensive strategies for prevention are needed.   

1. Introduction 

The Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2 
or COVID-19) caused a global public health emergency that is still 
ongoing. In addition to the hundreds of thousands of lives lost to COVID- 
19 disease, the pandemic has also been associated with increased social 
isolation, worsening mental health conditions, increased suicidality in 
some populations, and increased violence (Afif et al., 2022; Bray et al., 
2020; Holland et al., 2021; McGinty et al., 2020). 

During March 2020, state governors across the United States first 
issued stay at home orders and closed non-essential businesses in an 

effort to slow the spread of this deadly virus, with Maryland following 
suit on March 30th, 2020 (Hogan, 2020a). However, during the stay at 
home order mandates, firearm retailers were included among essential 
organizations and remained open in virtually all states, allowing 
continued access to firearms (Hoops et al., 2020). Firearms have been 
and still are a major cause of morbidity and mortality, with a dramatic 
increase in total gun violence in the pandemic exceeding previous years 
(Hoops et al., 2020; Kravitz-wirtz et al., 2021; https://www.gunvio-
lencearchive.org/, n.d.). More than half of the deaths in 2020 related to 
gun violence were due to suicide (National Center for Injury Prevention 
and Control, n.d.). Additionally, gun violence disproportionately affects 
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urban male youth, specifically Black males aged 15 to 19 years old (Etra 
et al., 2021; Bottiani et al., 2021). Gender normative socialization, 
cultural attitudes and associations with firearms, and effects of historic 
and systematic racism contribute to this disparity (Bottiani et al., 2021). 

Children from lower income urban neighborhoods are at increased 
risk of penetrating trauma from firearms and from the attendant phys-
ical, psychological, and post-traumatic consequences (Sakran et al., 
2018; Kamat et al., 2020). Repeat violence and recidivism with gun 
violence has increased mortality in comparison with blunt trauma 
(Sakran et al., 2018; Kamat et al., 2020). Children who are victims of 
penetrating trauma are at higher risk of recurrent trauma as well as 
negative consequences of this trauma (Vincent Felitti et al., 1998). 
However, the trends in pediatric firearm death during the COVID-19 
pandemic are not yet well characterized. This study aimed to describe 
the burden of firearm injury among youth in Maryland during the time 
of the COVID-19 pandemic in comparison to previous years. Maryland 
was chosen specifically in order to quantify penetrating trauma and 
firearm injury in the population our institution serves and to conduct a 
statewide analysis for further urban-rural geographic analysis. 
Furthermore, as lawmakers look for strategies to prevent violence and 
injury, most policy-making related to firearms occurs at the state level 
rather than at a federal level, making state-specific characterization of 
firearm injury all the more important and informative for policymakers 
and key stakeholders. 

2. Methods 

2.1. Patient population 

This study utilized the Maryland Health Services Cost Review Com-
mission (HSCRC) public-use patient-level case mix data. The dataset 
contains deidentified inpatient and outpatient data with patient de-
mographics, diagnosis and procedure coding, and payer information for 
all care received at acute care hospitals located in Maryland. We used a 
version of this dataset maintained by our institution, known as Data-
Mart, in order to access the most up-to-date encounters possible. The 
Institutional Review Board approved this retrospective review as exempt 
from ethical compliance. 

All patient ages were included; patients in the dataset are categorized 
into 5-year age categories. We included all patients who either had a 
Maryland ZIP code listed for their place of residence or who had a 
documented external cause code of interest at a Maryland acute care 
hospital, which may include Maryland residents who received initial 
care in a neighboring jurisdiction or out-of-state residents who received 
care in Maryland state borders. This approach was utilized because it 
captured all patients who would have been impacted in some form by 
Maryland pandemic policies. Race and ethnicity data was collected 
through inpatient hospitalization records related to patient encounters. 
Patient encounter data regarding race and ethnicity is typically self- 
reported or, occasionally, categorized by support staff. We recognize 
the latter as a potential confounder in our data (Flanagin et al., 2021). 

2.2. Measures 

The Governor of Maryland declared a state of emergency due to 
COVID-19 on March 5, 2020, schools in the state were ordered closed on 
March 16, 2020, and non-essential business closures (stay-at-home or-
ders) were ordered on March 30, 2020 (Hogan, 2020a; Hogan, 2020b; 
Hogan, 2020c). While the state of emergency remained in effect until 
July 1, 2021 (Hogan, 2020c), school closings have fluctuated over the 
course of the year and local jurisdictions have put in place varying de-
grees of restrictions. HSCRC encounters include the year and quarter of 
admission, preventing more granular temporal analyses. Therefore, in a 
close approximation of stay-at-home order policy implementation, we 
designated all encounters occurring between July 1, 2017 and March 31, 
2020 as “pre-stay-at-home” encounters. All encounters occurring 

between April 1, 2020 and March 31, 2021 were designated as “post- 
stay-at-home” encounters. 

Patient encounters of interest were identified using ICD-10 external 
cause codes. Penetrating traumas by firearms were identified using ICD- 
10 codes X93*, X94*, X95*, X72*, X73*, X74*, W32*, W33*, W34*, 
Y22*, Y23*, and Y24*. This mechanism of injury included all intents (e. 
g., assault, self-harm, unintentional, or undetermined). Penetrating 
traumas due to sharp objects were identified using ICD-10 code X99*. 
Only intent of assault was included in our analysis for this mechanism of 
injury. To capture only initial encounters and avoid duplication of pa-
tients within our analysis, we only included external cause codes ending 
in -A, which denotes an initial encounter (rather than -D and -S, which 
denote subsequent encounters and sequela, respectively). Penetrating 
traumas were separated out by gunshot wounds (GSW) and stab wounds 
(SW). 

2.3. Statistical analysis 

All statistical analyses were performed using Stata version 14.2 
(StataCorp LLC, College Station, Texas) in 2021. Descriptive statistics 
were utilized to summarize demographic data. A two-value proportion 
test was used for two-group comparisons of proportions. HSCRC vari-
ables were pooled together to create categorical values. For categorical 
variables, Chi-square analysis was conducted. A p-value of <0.05 was 
used for significance. 

For the geographic analysis, zip codes were accrued through HSCRC 
data extraction and matched by county. Urban and rural designations 
were made based on Economic Research Service Rural-Urban 
Commuting Areas (RUCA) rural definition and were assigned to pa-
tient data. Penetrating trauma was separated out by type as designated 
above, and firearm injury was separated out by intent. Chi-square 
analysis was performed to determine statistical significance in changes 
prior to and after the stay-at-home order. 

3. Results 

3.1. All encounters due to firearms—assault, self-harm, unintentional, 
and undetermined 

Between July 1, 2017 and March 31, 2020, there were 2468 unique 
hospital encounters for firearm injuries in Maryland. Demographics such 
as age, sex, race, ethnicity, and mortality were included (Table 1). 

Table 1 
Firearm injury demographics, pre- and post-stay-at-home orders. P-value represents 
the differences in pre- and post-stay-at-home period demographics.  

Demographic % of Total 
(#) 

% pre-stay-at- 
home 

% post-stay-at- 
home 

P- 
value 

Age (years)    0.942 
<15 1.4% (34) 1.4% 1.3%  
15–19 14.4% (356) 14.6% 13.9%  
20–24 21.8% (537) 21.9% 21.3%  
>24 62.4% 

(1541) 
62.1% 63.4%  

Sex (male) 90.2% 
(2226) 

90.0% 90.8% 0.604 

Race    0.739 
White 10.9% (269) 11.1% 10.4%  
Black 81.9% 

(2022) 
81.9% 81.9%  

Other/ 
unknown 

7.2% (177) 7.0% 7.7%  

Ethnicity    0.027 
Hispanic 3.7% (90) 3.5% 4.0%  
Non- 
Hispanic 

93.6% 
(2310) 

93.2% 94.7%  

Unknown 2.8% (68) 3.3% 1.3%  
Died 5.2% (129) 5.3% 3.7% 0.101  
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During that time period, 14% were patients between the ages of 15 and 
19, 22% were between the ages of 20 and 24, and 62% were over age 24. 
Most patients were male (90%), Black (82%), and non-Hispanic (90%). 
Five percent of patients in the cohort died. There was no significant 
change in demographics comparing the time before and after imple-
mentation of the stay-at-home order, with the exception of ethnicity, 
with a significant decrease in patients classified as “unknown” ethnicity. 
(See Tables 2 and 3.) 

Firearm injury was differentiated by intent and included assault, self- 
harm, unintentional firearm injury, and undetermined intent (Fig. 1). 
There was no significant difference among firearm injury intents prior to 
and after the stay-at-home order for patients younger than 24 years old. 
For patients older than 24, unintentional firearm injuries rose signifi-
cantly (38% to 44% with P < 0.05). 

Firearm injury over the study period was examined (Fig. 2a) in 
relation to assault (Fig. 2b) and self-harm (Fig. 2c). In all three cases, 
firearm injury had no significant change during the time periods studied. 
The sole exception was that overall firearm injury between January 1 
and March 31, 2021 exceeded that of any prior time period in the study. 
Firearm injury and firearm injury by assault were similar in the 15- to 
19-year-old and 20 to 24 year-old age groups across the study period. 
Self-harm by firearm showed a peak between July 1 and September 30, 
2018 with a downtrend until January 2020 across all age groups. Self- 
harm by firearm showed an increase between April 1 and September 
30, 2020, and again between January 1 and March 31, 2021. This trend 
was consistent among all age groups but was more prominent in in-
dividuals older than 24. 

3.2. All penetrating trauma – SW and GSW 

Between July 1, 2017 and March 31, 2020, there were 2269 unique 
hospital encounters for assaults by penetrating trauma. During that time 
period, 12% were patients between the ages of 15 and 19, 18% were 
between the ages of 20 and 24, and 69% were over age 24. Patients 
suffering assault by penetrating trauma were most commonly male 
(89%), Black (78%) and non-Hispanic (90%). There was no significant 
difference in age, sex, race, or mortality rate for penetrating trauma 
assaults comparing pre- and post-stay-at-home. As with firearm injury 
by all intents, there was a significant decrease in patients classified as 
“unknown” ethnicity in the post-stay-at-home period. 

While assaults by penetrating trauma during the time period 

analyzed fluctuated significantly, as with firearm injuries, no significant 
change was noted in the post-stay-at-home period as compared to the 
pre-stay-at-home period. There was a decrease between April 1 and 
September 30, 2020, after which an increase to previous levels was seen. 
This pattern was consistent across age groups (Fig. 3a). The frequency of 
stab wounds and gunshot wounds was relatively stable over the time 
period analyzed (Fig. 3b), but the frequency of stab wounds decreased 
after March 31, 2020 and did not rise again until after September 30, 
2020, whereas gunshot wound frequency remained fairly consistent 
before and after the Maryland stay-at-home order was issued. 

The proportion of gunshot wounds compared to stab wounds did not 
change significantly in the pre- and post-stay-at-home periods, with 
firearms as the mechanism for about 60% of all penetrating trauma as-
saults. The proportions also did not change in patients 24 years old or 
younger and patients over 24 years old pre- and post-stay-at-home. In 
both time periods, gunshot wounds comprise about 7 in every 10 
penetrating trauma assaults for patients 24 years of age or younger and 
roughly half of penetrating trauma assaults for patients older than 24 
years of age. 

Over the time period of our analysis, most homicides due to pene-
trating trauma assaults that presented to Maryland hospitals occurred in 
patients older than 24 years old. 

Patient zip-code analysis of the HSCRC data in the greater Maryland 
area encompassed the District of Columbia, Virginia, Pennsylvania, and 
Delaware. Injury in urban environments was more prominent regardless 
of the trauma type. >95% of penetrating traumas occurred in an urban 
environment based on the aforementioned RUCA designation, with no 
statistical difference before or after the stay-at-home order. Addition-
ally, firearm injuries stratified by intent did not show a statistical dif-
ference in location of injury based around timing of the stay-at-home 
order, and the majority of events occurred in urban environments. 

4. Discussion 

The COVID-19 pandemic has had a devastating impact: over 80 
million cases and nearly 1 million deaths in the United States alone 
(Gastineau et al., 2021). We have only just begun to characterize the far- 
reaching health and societal effects of the COVID-19 pandemic, 
including those on firearm injury and assault trauma. 

Our study showed that despite the stay-at-home order that was 
initiated in March 2020 in Maryland, penetrating trauma and firearm 
injury continued to be highly prevalent over the course of the following 
year, especially in urban environments. Unlike other studies that found 
increased penetrating trauma and firearm injury in the months imme-
diately following stay-at-home orders, including in youth, our study 
considered an entire year of the pandemic and found no significant 
change overall (Chodos et al., 2021; Abdallah et al., 2021). While adults 
comprise the majority of penetrating trauma cases, children and young 
adults under the age of 24 also suffer from the consequences from 
penetrating trauma. Patients between the ages of 15 and 24 represent a 
disproportionately high percentage of firearm injuries and assaults by 
penetrating trauma presenting for medical care, and for this age group, 
firearms were involved in 70% of assaults involving penetrating trauma. 
Furthermore, the majority of penetrating trauma occurred in urban 
environments among Non-Hispanic Black youth where high concentra-
tions of poverty and the pervasive effects of racism put these youth at 

Table 2 
Assault by penetrating trauma demographics, pre- and post-stay-at-home orders. P- 
value represents the significance of the difference in pre- and post-stay-at-home 
period demographics, with p < 0.05 as the level of statistical significance.  

Demographic % of Total 
(#) 

% pre-stay-at- 
home 

% post-stay-at- 
home 

P- 
value 

Age (years)    0.931 
<15 0.7% (15) 0.7% 0.5%  
15–19 11.7% (265) 11.8% 11.3%  
20–24 18.4% (418) 18.3% 18.9%  
>24 69.2% 

(1571) 
69.2% 69.4%  

Sex (male) 88.5% 
(2009) 

88.2% 89.5% 0.632 

Race    0.297 
White 11.8% (268) 11.3% 13.3%  
Black 77.9% 

(1768) 
78.1% 77.5%  

Other/ 
unknown 

10.3% (233) 10.6% 9.2%  

Ethnicity    0.024 
Hispanic 6.6% (149) 6.6% 6.6%  
Non- 
Hispanic 

90.1% 
(2045) 

89.5% 91.9%  

Unknown 3.3% (75) 3.9% 1.6%  
Died 3.8% (87) 3.6% 4.7% 0.225  

Table 3 
Geographic analysis of penetrating trauma, by mechanism of injury. Percentage of 
patients with zip code of residence based in an urban environment, with the 
remainder based in a rural environment.  

Penetrating trauma 
type 

% urban, pre-stay-at- 
home (n) 

% urban, post-stay-at- 
home (n) 

P- 
value 

GSW 92.5% (673) 90.7% (207) 0.48 
SW 97.7% (920) 97.0% (335) 0.76  
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disproportionate risk of violence and traumatic injuries and their 
sequelae (Bottiani et al., 2021). These demographic findings were un-
altered by the pandemic and stay-at-home orders. 

Assault was the most frequently reported intent of firearm injury in 
our analysis. There was no statistical difference in assault or suicide by 
firearm before and during the pandemic. The continued high prevalence 
of firearm injury during the pandemic could be explained by the 
increased social isolation and distress seen early in the pandemic 
(Abdallah et al., 2021). This study found an increase in firearm injury in 
the initial 10 weeks of the pandemic, but there was not an equivalent 
increase in ED visits related to firearm injury, perhaps indicating the 
increased barrier to health care services despite increase in firearm 
injury. 

Our analysis also yields an important finding that warrants further 
study: unintentional firearm injury among adults was significantly 
increased during the pandemic. The early months of the pandemic saw 
surges in firearm purchases (Schleimer et al., 2021). The increase in 
unintentional injury may be related to the lack of availability of firearm 
safety training or other safety resources (Schleimer et al., 2021). While 
the lack of other significant changes in penetrating trauma and firearm 
injury does little to inform injury prevention policy, this aspect of the 
data suggests firearm safety courses on safe ownership and storage may 
affect firearm injury rates in adults. 

4.1. Limitations 

Our findings must be considered in the context of some limitations. 
First, a retrospective review of databases is inherently prone to error in 
inputting and reporting. Furthermore, these reporting errors are further 
contributed to by the possibility that intent is determined at a time 
separate from when the injury occurred and may, therefore, be entered 
at a later date. There may also have been errors in ICD coding reported 
by the institutions. ICD-10 codes can be associated with misclassification 
of firearm injuries with regard to how unintentional and intentional 
injuries are defined. We recognize that our data could be misrepresented 
or skewed secondary to this misclassification (Catherine Barber et al., 
2021). Finally, because we were only able to capture injury presenting to 
a medical setting due to our choice of database we may have been 

unable to fully characterize some of the initial fluctuations in firearm 
injury and alterations in care-seeking. Finally, these findings provide 
state-level data that differs from recent analysis of national-level data 
showing a dramatic increase in firearm injuries in children, which would 
indicate that further analyses of state-level data may provide important 
insights into the prevention of pediatric firearm injury and state-level 
policy approaches to decreasing firearm injury (Gastineau et al., 2021). 

5. Conclusion 

While increased unintentional firearm injury among adults was the 
major significant change found in our study, the persistence of firearm 
injury, particularly in youth, racial and ethnic minority groups, and 
those in urban environments, should be deeply concerning. Stay-at- 
home policies did not keep youth safer from firearm injury. Therefore, 
as this pandemic continues, and local, state, and federal governments 
search for evidence-based and feasible solutions, measures that reduce 
youth access to firearms such as child access prevention laws and 
measures that address root causes of violence are urgently needed. 
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Fig. 2. Frequency of firearm injury over time, by age group and (a) all intents, (b) assault, and (c) self-harm. Firearm injury counts were graphed to the first day of the 
quarter (January 1, April 1, July 1, October 1). 
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