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Highlights:  

 Though poorly understood, a small number of studies have noted an increase in pediatric 

firearm injuries during the COVID-19 pandemic.  

 The frequency and mortality of pediatric firearm injuries was found to have significantly 

increased during the pandemic, driven by an increase in firearm assaults/homicides 

primarily amongst Black youths. 

ABSTRACT  
 

Background: 

The COVID-19 pandemic has been associated with increased firearm injuries amongst adults, 

though the pandemic’s effect on children is less clearly understood. 

 

Methods: 

This cross-sectional study was performed at a Level 1 Pediatric Trauma Center and included 

youths 0-19 years. The trauma registry was retrospectively queried for firearm injuries occurring 

pre-COVID-19 pandemic (March 2015-February 2020). Baseline data was compared to 

prospectively collected data occurring during the COVID-19 pandemic (March 2020-March 

2022). Fischer’s exact, Pearson’s Chi-square and/or correlation analysis was used to compare pre 

and post-COVID-19 firearm injury rates and intent, victim demographics and disposition. 

Temporal relationships between firearm injury rates and local COVID-19 death rates were also 

described. 

 

Results: 
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413 pre-COVID-19 firearm injuries were compared to 259 pandemic firearm injuries. Victims 

were mostly Black males with a mean age of 13.4 years. Compared to the 5 years pre-pandemic, 

monthly firearm injury rates increased 51.5% (6.8 vs 10.3 shootings/month), including a 

significant increase (p=0.04) in firearm assaults/homicides and a relative decrease in 

unintentional shootings. Deaths increased 29%, and there were significantly fewer ED discharges 

and more admissions to OR and/or PICU (p=0.005). There was a significant increase in Black 

victims (p=0.01) and those having Medicaid or self-pay (p<0.001). Firearm injury spikes were 

noted during or within the 3 months following surges in local COVID-19 death rates.  

 

Conclusions: 

The COVID-19 pandemic was associated with an increase in the frequency and mortality of 

pediatric firearm injuries, particularly assaults amongst Black children following surges in 

COVID death rates. Increased violence-intervention services are needed, particularly amongst 

marginalized communities.  

 

Key Words: 

Gun violence, firearm injury, COVID-19 pandemic, pediatric injury prevention 

 

Level of Evidence: 

This is a prognostic study, evaluating the effects of the COVID-19 pandemic on pediatric firearm 

injuries, including victim demographics, injury intent and mortality. This study is retrospective 

and observational, making it Oxford Level III evidence. 
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Abbreviations: 

ED: emergency department 

ICD: International Classification of Diseases 

OR: operating room 

PICU: pediatric intensive care unit 

SLCH: St. Louis Children’s Hospital  

INTRODUCTION 

 The COVID-19 pandemic altered the lives of people across the globe in countless ways, 

though few as paradoxical as the simultaneous decrease in overall healthcare visits contrasted by 

an increase in violent injuries [1,2]. Various studies involving adult victims describe a significant 

increase in firearm injuries during the COVID-19 pandemic [1–6], predominantly driven by an 

increase in intentional violent assaults [3,4]. These findings have been attributed to various 

causes from increased gun purchasing during the pandemic [2,3,5] to accentuated socioeconomic 

inequality [1,2,4,5]. 

 After decades of having been the second leading cause of child deaths following motor 

vehicle accidents, firearm injuries became the primary cause of death amongst American 

children and adolescents in 2020 [7]. Despite this, few studies have evaluated the impact of the 

COVID-19 pandemic on pediatric firearm violence, and those that have involve various 

limitations. Cohen et al. reported a significant increase in pediatric firearm injuries during the 

COVID-19 pandemic, but was limited to victims under the age of 12 years [8], missing 

adolescents who historically suffer the largest burden of firearm violence [9,10]. Several other 

studies are limited by lack of victim demographic information including victim ages [11], sex 

and race/ethnicity [11–13]. Many do not include analysis of injury severity or hospital 
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disposition [8,12–14]. Most studies are limited by timeframe, including only the first several 

months of the COVID-19 pandemic [8,11,13,15,16], lacking potential impacts of the extensive 

Delta and Omicron variant surges [17]. Furthermore, while all such studies discuss speculations 

regarding the underlying causes of increased firearm injuries during the COVID-19 pandemic, 

the majority do not include the intent or circumstances surrounding the shootings 

[8,11,12,14,16]. Finally, no previous studies to our knowledge have described potential 

correlations between pediatric firearm injuries and specific surges in COVID-19 variants or 

associated COVID-19 death rates.  

 The objective of this study was to more extensively evaluate for the effect of the COVID-

19 pandemic on pediatric firearm injuries, including analysis of victim demographic information, 

patient disposition and need for surgical intervention, the cause or intent behind the shootings, as 

well as potential correlations between local COVID-19 death rates and spikes in pediatric 

firearm injuries. We hypothesized that, similar to its consequences on adult populations, the 

effects of COVID-19 on youth firearm injuries would be driven by interpersonal violence 

predominantly effecting pediatric racial/ethnic minorities, and that spikes in firearm violence 

may follow temporal trends in local COVID-19 death rates.  

 

METHODS 

Study setting and design 

 St. Louis, MO, is known to be heavily effected by pediatric gun violence [18]. Our study 

was conducted at St. Louis Children’s Hospital (SLCH), the only local American College of 

Surgeons verified Level 1 Pediatric Trauma Center, and one of two state designated Level 1 

Pediatric Trauma Centers in St. Louis, MO. The SLCH trauma registry was retrospectively 
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queried for pediatric firearm injuries presenting to the SLCH emergency department (ED) before 

the onset of the COVID-19 pandemic from March 2015 to February 2020. Pre-COVID-19 

pediatric firearm injuries were compared to prospectively collected pediatric firearm injuries 

occurring during the COVID-19 pandemic from March 2020 through March 2022. Pediatric 

firearm injury victims collected from the SLCH trauma registry included those age 0-19 years 

presenting to SLCH ED, and did not include victims who died at the scene of the injury, or 

trauma patients presenting to other institutions, including the other local Level 1 Pediatric 

Trauma Center. The Washington University institutional review board approved this study. 

 

Data collection and definitions 

Pediatric firearm injuries were identified based on International Classification of 

Diseases-9 (ICD-9) codes from March 2015 through March 2016, followed by updated ICD-10 

codes from March 2016 through March 2022. ICD codes included those characterizing 

unintentional firearm injuries, suicide and self-inflicted firearm injuries, firearm assaults and 

homicides, firearm injuries resulting from legal intervention, and firearm injuries of 

undetermined intent. According to the CDC definition, firearm injuries were defined as 

penetrating injuries from a weapon using a power discharge to fire a projectile [19].  

The date of the firearm injury was collected in addition to victim demographic 

information such as age at the time of the injury, sex, race/ethnicity, zip code of the shooting and 

insurance status. Insurance status was categorized as Medicaid and/or self-pay, private insurance, 

or unknown insurance status. Medical record numbers were used to identify recidivists, or 

individuals who were victims of multiple firearm injuries during the study time period, as well as 

the dates and causes/intent of initial and subsequent firearm injuries. Disposition from the ED 
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was also recorded, including discharge home, admission to SLCH inpatient floor, admission to 

SLCH pediatric intensive care unit (PICU), transfer to operating room (OR), or transfer to the 

morgue/ED death. Local St. Louis, MO COVID-19 trends including death rates were obtained 

from online government affiliated COVID-19 data tracking tools [20]. 

Evaluation of pre-COVID-19 data revealed that the baseline monthly firearm injury rate 

was 7 shootings/month with a standard deviation of 2.6 shootings. During the five year period 

prior to COVID-19, the firearm injury rate in only one month surpassed two standard deviations 

above the average firearm injury rate (13 shootings in April 2016). In order to capture months 

with greater than one standard deviation from the baseline rate, a “spike” in firearm injuries was 

defined as more than 10 shootings per month. An increase of one standard deviation was chosen 

rather than two due to the rarity of baseline monthly shootings surpassing two standard 

deviations throughout the baseline, pre-COVID-19 period.  

 

Data analysis 

 Quantitative data was described as means with standard deviations (SD) or medians with 

interquartile ranges (IQR). Qualitative data was described as frequencies with percentages. Two-

sample t-test was performed to assess differences in continuous variables between two time 

periods. Pearson’s Chi-square test or Fisher’s exact test was performed to assess the relationship 

between two categorical factors, as appropriate. Pearson’s correlation analysis was performed to 

assess the correlation between two continuous factors. Missing or unknown data was excluded 

from the analysis. All data analysis was performed by SAS version 9.4 [21]. A two sided p-value 

less than 0.05 was considered statistically significant. For the analysis of categorical, mutually 

exclusive variables compared between two time periods (i.e. ED disposition and firearm injury 
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intent pre-COVID-19 versus COVID-19 pandemic), one p-value is provided which indicates 

statistically significant change in distribution of the respective categorical variable percentages. 

 

RESULTS 

 Six hundred seventy two pediatric victims of firearm injuries were identified during the 

study timeframe, including 413 (61.5%) occurring pre-COVID-19 pandemic (March 2020-

February 2020) and 259 (38.5%) occurring during the COVID-19 pandemic (March 2020-March 

2022). Victims were mostly Black (81.5%) males (84.5%). The average victim age was 13.4 

years (standard deviation of 4.3 years). Shootings occurred across 28 zip codes, with 2 particular 

zip codes (63136, 63115) accounting for 22% of pre-pandemic and 25% of COVID-19 pandemic 

incident locations. Per the US Census Bureau, individuals living in zip codes 63136 and 63115 

are 90% and 98% Black, with 27% and 30% of residents living below the poverty line, 

respectively [22].  

The firearm injury recidivism rate was 1.8% with 12 individuals returning for a 

subsequent firearm injury during the study timeframe. Two thirds (8/12) of recidivists presented 

during the baseline pre-COVID-19 time period, and half (6/12) of victims were reinjured during 

the COVID-19 pandemic. Firearm assault was the cause of the 83% (10/12) of initial injuries and 

75% (9/12) of subsequent injuries. 

 The monthly rate of pediatric firearm injuries was found to have significantly increased 

by 51.5% from an average of 6.8 shootings per month prior to the COVID-19 pandemic to 10.3 

shootings per month during the COVID-19 pandemic (median 7 versus 10 shootings/month, 

p=0.0005). Average monthly pediatric firearm injuries are depicted in Figure 1.  
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 Victim demographics are described in Table 1. The average age of 13 years and male 

predominance remained unchanged during the COVID-19 pandemic compared to pre-pandemic 

years. While Black children were the most frequently victimized both prior to and during the 

COVID-19 pandemic, there was a significant increase in Black victims during the COVID-19 

pandemic (78% versus 88%, p=0.009) relative to the other race/ethnicities. The proportion of 

victims having Medicaid or self-pay insurance status also significantly increased during the 

COVID-19 pandemic (70% versus 88%, p<0.0001).  

 As shown in Table 2, the disposition and need for operative intervention for pediatric 

firearm injury victims changed significantly during the COVID-19 pandemic compared to the 

previous five years (p=0.005). Discharges from the ED decreased (41% versus 30%), while 

admissions to the PICU (7% versus 14%) and to the OR (15% versus 18%) increased. Pediatric 

firearm deaths also increased 29% (from 2.4% to 3.1%) during the COVID-19 pandemic.  

 The cause or intent behind firearm injuries was also found to have significantly changed 

during the COVID-19 pandemic (p=0.04) as shown in Table 3. Firearm assaults and homicides 

increased from 71% pre-COVID-19 pandemic to 80% during the COVID-19 pandemic. There 

was a simultaneous relative decrease in unintentional firearm injuries (24% versus 15%). The 

rates of self-inflicted (2% versus 1.5%) and undetermined firearm injuries (3% versus 3.5%) 

were similar before and during the COVID-19 pandemic. 

 As seen in Figure 1, the average pediatric firearm assault/homicide rate prior to the 

COVID-19 pandemic was 4.9 per month (SD 2.1). No spikes of greater than 10 shootings per 

month occurred in the 5 years prior to the COVID-19 pandemic. Figure 2 depicts the St. Louis, 

MO, monthly COVID-19 death rate, including annotated variant surges (Figure 2A) as well as 

the monthly pediatric firearm assault/homicide rate (Figure 2B). The average pediatric firearm 
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assault/homicide rate per month increased to 8.2 (SD 3.8) during the COVID-19 pandemic. 

Three discrete firearm assault/homicide spikes (May-October 2020, December 2020, March 

2022) occurred during the COVID-19 pandemic, each of which either overlapped with or 

occurred within 3 months of a surge in COVID-19 death rates (April-May 2020, December 2020, 

January 2022). The Delta Variant did not cause a significant surge in COVID-19-related deaths, 

and was similarly not temporally associated with a spike in pediatric firearm injuries.  

 

DISCUSSION 

 Our study brings to light multiple significant findings related to the effects of the 

COVID-19 pandemic on pediatric firearm injuries. Consistent with multiple previous studies 

[8,11–16], pediatric firearm injury rates were found to have significantly increased during the 

pandemic compared to the five preceding years. While most previous studies on the topic do not 

include information on the intent or circumstances surrounding the shootings [8,11,12,14,16], we 

found that the escalation in pediatric firearm injuries was driven by a significant increase in 

pediatric firearm assaults/homicides. At the same time, there was a relative decrease in 

unintentional shootings. Cohen et al. postulated that the increase in firearm injuries amongst 

children under 12 years that they documented during the COVID-19 pandemic may be related to 

increased unintentional injuries resulting from a combination of increased access to guns 

purchased during the pandemic as well as decreased child supervision due to school/daycare 

closures and guardians being forced to work from home [8]. The relative decrease in 

unintentional pediatric firearm injuries that we discovered during the pandemic contradicts this 

theory, though the risks for firearm injury they point out are likely still accurate and significant. 

Our finding that pediatric firearm assaults/homicides significantly increased is likely still related 
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in part to increased gun purchasing [8,11,13,23–25] and decreased youth supervision [8,14,16] 

associated with the COVID-19 pandemic. However, other factors such as COVID-19-induced 

economic crisis and subsequently increased neighborhood violence/crime rates may have played 

a more significant role in elevating pediatric firearm assaults/homicides. The elevated rates of 

pediatric firearm assaults/homicides is likely the result of a combination of increased intentional 

assaults as well as increased frequency of innocent children injured as bystanders amidst adult 

crime [13,26–29]. The current ICD coding system does not clearly convey the intended target of 

a firearm assault, and some have called for revisions to the current ICD coding system for this 

reason [30]. 

 Amongst the few studies evaluating the effects of the COVID-19 pandemic on pediatric 

firearm injuries, several did not include information relating to victim demographic information, 

such as victim age, sex, race/ethnicity or insurance status [8,11–13]. While Black children were 

the most heavily victimized race/ethnicity prior to the onset of the pandemic, our study 

demonstrated a significant increase in firearm injuries amongst Black children during the 

pandemic relative to other race/ethnicities. This finding supports previous literature 

demonstrating increased pandemic-related firearm injuries amongst people of color [14,15]. We 

also discovered a significant increase in pediatric victims of firearm injuries having Medicaid or 

self-pay insurance status during the COVID-19 pandemic, similar to one previous study showing 

increased Medicaid patients amongst post-COVID pandemic pediatric trauma victims, despite a 

lack of significant change in firearm injury rates before and after the pandemic in this particular 

study [31]. Our findings underscore the concept that COVID-19-related losses in social and 

economic support have disproportionately affected marginalized populations that were already 

disadvantaged and overly affected by violent crime [14]. 
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Most of the existing literature on pediatric firearm injuries during the COVID-19 

pandemic does not include information regarding injury severity or hospital disposition [8,12–

14]. Our study demonstrates a significant increase in the proportion of ED deaths due to pediatric 

firearm injuries, as well as more patients requiring transfer to the OR, and a doubling of the 

percentage of patients requiring admission to the PICU. The reason for this change is unclear, 

but may be linked to the relative increase in pediatric firearm assaults and decrease in 

unintentional shootings, as previous work has found that pediatric firearm assaults more 

frequently require hospital admission while unintentional pediatric shootings are more 

commonly less severe and amenable to ED discharge [32]. 

One consistent limitation of previous studies researching the effect of the COVID-19 

pandemic on pediatric firearm injuries is the limited timeframe included in the studies. Most 

work has included only shootings occurring in the first year of the pandemic [8,11,14–16], 

missing any potential effects of the widespread Delta and Omicron variant surges. To our 

knowledge, no previous studies have assessed for associations between pediatric firearm injuries 

and specific COVID-19 variant surges or variant-related increases in death rates. As depicted in 

Figure 2, we found that St. Louis, MO suffered from three isolated surges in COVID-19-related 

deaths due to original SARS-CoV-2 and Omicron variants [17,20]. We found that three spikes in 

monthly pediatric firearm assault/homicide rates also occurred, each temporally overlapping or 

occurring within three months of a surge in COVID-19 deaths. Interestingly, the pervasive Delta 

variant was not associated with a significant surge in COVID-19-related deaths or a spike in 

firearm assaults/homicides. This trend is particularly noteworthy because as surges from future 

COVID-19 variants are likely to occur, one may also infer that these surges may be related to 

future spikes in pediatric firearm injuries. 
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While one cannot infer causation from a descriptive association between pediatric firearm 

injuries and COVID-19 death rates, explanations for such a relationship can be hypothesized. 

One such explanation is that COVID-19 variant surges tend to trigger stricter containment 

policies, including school/daycare closings. This may promote increased shootings resulting 

from lack of supervision as well as neighborhood crime from which youths are often protected 

by attending schools and daycares [14]. For example, the longest, most sustained spike in 

pediatric firearm assaults/homicides (May-October 2020) occurred in the very early pandemic 

and may have been related to the most strict lock-downs, “stay-at-home orders” and school 

closings that were in effect at that time. A similarly proposed potential explanation for such 

increases in pediatric firearm injuries is that COVID-19-related containment policies may 

decrease access to urban green spaces and increase exposure to other violent neighborhood hot-

spots [14]. In addition to increased economic and social stressors occurring during variant surges 

and resultant lock-downs, studies have also demonstrated elevated rates of stress and emotional 

disturbance amongst people living under quarantine [16,33]. These psychological impacts may 

play a role in increased neighborhood violence and crime, resulting in increased exposure of 

children to firearm violence. Finally, a study of gun violence effecting adults during the COVID-

19 pandemic demonstrated not only an increase in firearm-related admissions, but also a 

significant increase in firearm injury patients with mental illness, alcohol and substance use 

disorders [5]. These findings underscore the same pandemic-related negative psychological 

health impacts which plague communities and in turn place more children in harm’s way.  

 Multiple potential limitations should be noted. Our study describes pediatric firearm 

injuries and COVID-19 pandemic-related trends occurring in only one midwestern city, and our 

findings may not be extrapolatable to other regions or the nation as a whole. Additionally, our 
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study was conducted at one Level 1 Pediatric Trauma Center, and did not include victims who 

died at the scene of the injury, or patients presenting to the other local Level 1 Pediatric Trauma 

Center. There is the potential that the absence of pre-hospital and multicenter patient information 

may have impacted our findings. Our study is observational and descriptive in nature, and direct 

causality cannot be assumed from the correlations that we describe. As noted previously, the 

current ICD coding system does not adequately identify whether or not the victim of a firearm 

assault was the intended target versus a bystander or mistaken target [30]. Finally, our study did 

not include previously used indicators of injury severity, such as injury severity scores, ICU 

length of stay, mechanical ventilation requirement or packed red blood cell transfusions received 

[34]. Longitudinal studies encompassing multiple institutions and more thorough, descriptive 

documentation of injury intent and severity is needed to more adequately evaluate and 

understand the effects of the COVID-19 pandemic on pediatric firearm injuries.  

 

CONCLUSIONS 

 Pediatric firearm injury rates have risen during the COVID-19 pandemic compared to 

pre-pandemic years, driven by an increase in firearm assaults/homicides. Injuries have also 

become more severe, causing more admissions to ORs and PICUs as well as more pediatric 

deaths. This trend has most predominantly effected Black children, particularly following surges 

in COVID-19 death rates. As future COVID-19 surges are likely to occur, our findings highlight 

the need for increased violence-intervention services, particularly amongst marginalized 

communities more likely to be seriously affected by firearm violence.  
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Table 1: Pediatric firearm injury victim demographic information pre-COVID-19 pandemic 

versus during the COVID-19 pandemic 

 

Demographic 

Characteristics 

Pre-COVID-19 COVID-19 P-value 

Age (years), mean 

(SD) 

13.3 (4.3) 13.5 (4.6) 0.4697 

Male sex, no. (%) 353 (85.5%) 215 (83.0%) 0.3907 

Race, no. (%) 

Black 

White 

Biracial 

Other 

Unknown 

 

321 (77.7%) 

70 (17.0%) 

1 (0.2%) 

9 (2.2%) 

12 (2.9%) 

 

227 (87.6%) 

27 (10.4%) 

1 (0.4%) 

2 (0.8%) 

2 (0.8%) 

0.0093 

Insurance, no. (%) 

Medicaid or Self-pay 

Private 

Unknown 

 

288 (69.7%) 

104 (25.2%) 

21 (5.1%) 

 

228 (88.0%) 

28 (10.8%) 

3 (1.2%) 

<0.0001 

SD = standard deviation 

  

                  



 19 

Table 2: Disposition of pediatric victims of firearm injury from the ED pre-COVID-19 pandemic 

versus during the COVID-19 pandemic 

 

ED Disposition Pre-COVID-19 COVID-19 P-value 

Disposition, no. (%) 

Home 

Inpatient Floor 

Operating Room 

Pediatric ICU 

Morgue/ED Death 

 

170 (41.2%) 

143 (34.6%) 

61 (14.8%) 

29 (7.0%) 

10 (2.4%) 

 

78 (30.1%) 

90 (34.7%) 

46 (17.8%) 

37 (14.3%) 

8 (3.1%) 

0.0048 

ED = emergency department 

ICU = intensive care unit 
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Table 3: Pediatric firearm injury cause/intent pre-COVID-19 pandemic versus during the 

COVID-19 pandemic 

  
Firearm Injury 

Cause/Intent 

Pre-COVID-19 COVID-19 P-value 

Intent, no. (%) 

Assault/Homicide 

Unintentional  

Self-inflicted/Suicide 

Other 

Undetermined 

 

292 (70.7%) 

99 (24.0%) 

9 (2.2%) 

2 (0.5%) 

11 (2.7%) 

 

207 (79.9%) 

39 (15.1%) 

4 (1.5%) 

0 (0%) 

9 (3.5%) 

0.0418 
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