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School Closures in the United States
and Severe Respiratory Illnesses in Children:
A Normalized Nationwide Sample
OBJECTIVES: To determine the association between nationwide school closures
and prevalence of common admission diagnoses in the pediatric critical care unit.
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MEASUREMENTS AND MAIN RESULTS: Diagnosis categories were determined for all 110,418 patients admitted during the 20-week study period in each
year (2018, 2019, and 2020). Admission data were normalized relative to statewide school closure dates for each patient using geographic data. The “before
school closure” epoch was defined as 8 weeks prior to school closure, and the
“after school closure” epoch was defined as 12 weeks following school closure.
For each diagnosis, admission ratios for each study day were calculated by dividing
2020 admissions by 2018–2019 admissions. The 10 most common diagnosis
categories were examined. Significant changes in admission ratios were identified
for bronchiolitis, pneumonia, and asthma. These changes occurred at 2, 8, and
35 days following school closure, respectively. PICU admissions decreased by
82% for bronchiolitis, 76% for pneumonia, and 76% for asthma. Nonrespiratory
diseases such as diabetic ketoacidosis, status epilepticus, traumatic injury, and
poisoning/ingestion did not show significant changes following school closure.
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CONCLUSIONS: School closures are associated with a dramatic reduction in the
prevalence of severe respiratory disease requiring PICU admission. School closure may be an effective tool to mitigate future pandemics but should be balanced
with potential academic, economic, mental health, and social consequences.
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I

n the first wave of the COVID-19 pandemic, the public health response
in the United States varied by state (1). Although public health protective
measures such as mandated masking, social distancing, and in-person
school closure varied in degree and timing during the first few weeks of the
pandemic, in-person school was closed in all states by April 2020 (2).
Given that these school closures comprised one of the largest public health
measures in history, we sought to investigate the relationship between the epidemiology of severe illnesses in children and the timing of these school closures.
The primary objective in mandating school closures was to slow the spread
of a deadly new contagion. In addition to limiting the spread of COVID-19,
other severe pediatric respiratory diseases were also likely prevented from
spreading. However, significant direct and indirect negative consequences of
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school closure on children include academic learning
loss, decreased access to nutritional and other support
programs, and changes to daily routines and activities (3–11). Furthermore, school closures limit access
to school nurses who provide direct care to patients
with chronic conditions by administering medications
or executing emergency care plans (12). This may, in
turn, exacerbate underlying chronic conditions.
We hypothesized that school closure would be associated with a decreased prevalence of severe respiratory disease in children requiring admission to the
PICU. Additionally, we aimed to develop a methodology to assess the effects of a widespread public health
intervention with different onset times. A secondary
aim was to determine the association between school
closures and the prevalence of noninfectious diseases
often managed with maintenance medications.

MATERIALS AND METHODS
We conducted a retrospective, observational study
using a cohort of patients identified using the Virtual
Pediatric Systems (VPS, LLC) database (Virtual
Pediatric Systems, LLC, Los Angeles, CA). The VPS
is a clinical database dedicated to standardized data
sharing among PICUs and is used to track outcomes,
measure quality, and conduct research. VPS neither
endorsed nor restricted our interpretation of these
data. Our aim was to compare patient data before
school closure to after school closure. This study was
reviewed by the Institutional Review Board (IRB) of
Connecticut Children’s Medical Center, IRB number
20-080, and was determined to be nonhuman subject
research, and consent was waived.
Patient-level data were obtained for all children less
than 18 years old admitted to any of 81 participating
PICUs in the United States and adjusted for the date
of the school closure for the state in which the PICU
is located as follows. Dates of school closure were
obtained from previously published research (2) and
cross-checked with state department of education
websites. In 2020, date of school closure was defined
as day 0, and before and after dates were defined using
relative integers (e.g., +1 from closure and –1 from closure) from 8 weeks before that school closure date to 12
weeks after that date. For the 2018 and 2019 cohorts,
day 0 was defined as 1 and 2 years (respectively) before
day 0 in 2020, and admission data were collected from

8 weeks before that date (before school closure) to 12
weeks after that date (after school closure). Patient
characteristics and outcomes are presented descriptively with frequency, percentage, and median with
interquartile range (IQR). PICU length of stay is calculated in VPS using the difference between physical
discharge date and time and admission date and time,
and is measured in hours and minutes. Characteristics
were compared before and after school closure using
the chi-square or Fisher exact test for categorical data
and the Mann-Whitney U test for continuous data.
Data were analyzed using the SAS software (2016; SAS
Institute, Cary, NC).
Primary diagnoses were examined and categorized
into diagnostic categories using methods previously
described (13). The 10 most common diagnosis categories for the combined cohort of patients from all
included years were included in this analysis. For these
most common disease categories (Table 1), ratios were
calculated by using the number of admissions per
day for that disease in 2020 over the mean number of
admissions per day for that disease in 2018–2019.
Modified statistical process control charts (14) were
used to determine at which school closure date the ratio
of admissions went out of process. The first 10 days of
the study period (i.e., day –56 to day –47) were used to
determine a baseline mean ratio. Next, we noted the
first set of 7 consecutive days when the ratio was consistently above or below two standard deviations of the
baseline mean, thus establishing a cut point for a new
baseline. The new baseline ratio was calculated as the
mean of the subsequent seven consecutive points. This
process was repeated to determine each school closure
day when the ratio significantly changed from the previous process. To determine statistical significance of
each cut point, the Chow test (15) was used to compare
the slope before versus after cut point and was evaluated at the 0.05 significance level.

RESULTS
In the entire dataset, there were a total of 110,418
patients, with 46% (n = 50,783) admitted prior to
school closure and 54% (n = 59,635) admitted after
school closure. Patient characteristics are described in
Table 2. There was a significant difference in the age of
patients before versus after school closure, with a lower
percentage of younger children and a higher percentage
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TABLE 1.

Ratios of Children Admitted per Day in the Most Common Diagnosis Categories
Ratio (Average Admits per Day 2020/
Average Admits per Day 2018 and 2019)
Before School
Closurea (56 d)

After School
Closureb (85 d)

Total
Admits

Asthma

1.04

0.19

6,588

Brain-skull trauma

0.96

0.88

3,936

Diagnosis

Bronchiolitis

0.97

0.22

14,129

Cardiac surgery

0.90

0.72

4,157

Diabetes mellitus

0.95

1.17

5,526

Pneumonia

1.33

0.39

6,503

1.19

1.07

4,668

Poisoning/ingestion
Respiratory failure/arrest (including acute respiratory distress syndrome)

1.03

0.53

3,046

Seizures/epilepsy

0.91

0.65

6,204

Sepsis

1.12

0.84

3,468

Ratio of average PICU admissions per day for 56 d before school closure.
Ratio of average PICU admissions per day for 85 d after school closure.
Table characterizes data used for analysis.
a

b

of adolescent children in the after school closure subgroup. A significant difference was also found in PICU

length of stay, with a higher median length of stay in
the before school closure subgroup compared with the

TABLE 2.

Study Group Characteristics
Characteristic
Femalec

Before School Closurea
(n = 50,783)

After School Closurea
(n = 59,635)

22,542 (44.4%)

26,850 (45.0%)

1,679 (3.3%)

1,725 (2.9%)

Pb
0.035

Age
Neonate (birth to 29 d)
Infant (29 d to < 2 yr)

19,563 (38.5%)

18,614 (31.2%)

Child (2 to < 6 yr)

10,089 (19.9%)

11,970 (20.1%)

Child (6 to < 12 yr)

8,646 (17.0%)

11,494 (19.3%)

10,806 (21.3%)

15,832 (26.6%)

2,388 (4.7%)

4,695 (7.9%)

10,967 (21.6%)

16,135 (27.1%)

Adolescent (12 to < 18 yr)
Trauma
Postoperative

< 0.001

< 0.001
< 0.001

PIM2 probability of death

0.79 (0.20–1.23)

0.84 (0.22–1.52)

< 0.001

ICU length of stay, d

1.85 (0.96–3.91)

1.66 (0.92–3.65)

< 0.001

ICU survival
Standardized Mortality Ratio (observed/ expected
deaths) (PIM2)

49,837 (98.1%)
0.85 (0.80–0.91)

58,275 (97.7%)
0.88 (0.83–0.93)

< 0.001
0.46

PIM2 = Pediatric Index of Mortality 2.
a
Data from all three years; 2018, 2019, and 2020.
b
p values based on chi-square or Fisher exact test for categorical variables and Mann-Whitney test for continuous variables. For the
standardized mortality ratio (observed/ expected deaths), the p is based off of a z score.
c
Missing for three cases, percentages are out of total nonmissing.
Data are shown as n (%) and median (interquartile range).
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after school closure subgroup (1.85 d [IQR, 0.96–3.91
d] vs 1.66 d [0.92–3.65 d]; p < 0.001). No significant
difference was seen in the standardized mortality ratio.
We found a statistically significant decrease in respiratory illnesses (bronchiolitis, asthma, and pneumonia) following school closure (Fig. 1). Bronchiolitis
exhibited a significant change in PICU admission pattern following school closure. Up until 2 days after
school closure, the ratio of bronchiolitis admissions
during COVID versus pre-COVID remained close to
equivalent and then significantly decreased after day
+2. This significant decrease in slope, or inflection
point, indicated a decrease in PICU admissions that
persisted for 17 days, with a second inflection point
identified at day +19. This second inflection point indicated a “leveling-off ” of the admission ratio. These

data indicate that within days of school closure, significantly fewer patients were being admitted to the
PICU for bronchiolitis. This trend continued for over
2 weeks, following which the ratio reached a plateau
between 0 and 0.2. PICU admissions due to bronchiolitis decreased by 82% in less than 3 weeks following
national school closure.
Pneumonia also showed a significant change in
PICU admission pattern after school closure. There
was an inflection point observed 8 days following the
identified date of school closure, signifying a significant decrease in PICU admissions. This decrease continued until day +43 where a second inflection point
was found and showed a positive change in slope.
Compared with bronchiolitis, pneumonia admissions
took longer to start decreasing from equivalence (6 d)

Figure 1. School closure effect on respiratory diseases. Scatter plot illustrating the ratio of PICU admissions for disease categories in
2020 over admissions for that category in 2018–2019 on the y-axis, and days relative to school closure date on the x-axis. The vertical
lines in each scatter plot define the time point at which a statistically significant shift in the slope of the least squares regression line for
admission ratio was identified. Ratios >1 reflect an increase in PICU admissions in 2020 compared with 2018–2019.
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and longer to plateau (6 wk), and the volume of PICU
admissions decreased by a smaller percentage (76%).
Asthma was the third respiratory disease to show a
significant decrease in the number of PICU admissions
following school closure, reaching an inflection point
at 35 days after school closure, and the volume of PICU
admissions decreased by 76%. Respiratory failure/
arrest, including acute respiratory distress syndrome,
showed a significant but less prominent decrease in
PICU admission at day +32 with an increasing slope at
day +65 with a decrease of approximately 25%.
The remaining diagnoses were examined to identify
potential changes in PICU admission trends following school closure (Fig. 2). The scatter plots identify
no visually apparent changes in PICU admission ratio
before and after school closure, and the employed statistical methods identified no significant changes for
any of these PICU admission diagnoses.

DISCUSSION
We used public health data describing the timing of
school closures around the country to create normalized admission diagnosis ratios before and after a nationwide public health intervention and found that
public health school closures to mitigate the spread of
COVID-19 disease were associated with a decline in
the prevalence of severe respiratory diseases warranting admission to 81 PICUs in the United States. Severe,
noninfectious disease trends were also evaluated and
found to have no significant changes associated with
school closures.
Our data align with other studies (16, 17), showing
decreases in pediatric hospital admissions, especially
those due to respiratory illnesses between January and
June 2020. As opposed to these studies, we evaluated
the temporal relationship of PICU admissions and
school closures. In our data, bronchiolitis admissions
to PICU dropped most rapidly after school closure.
Pneumonia had a later drop at 8 days. There was not
a statistically significant decrease in asthma early after
school closures. The data also demonstrate a later but
less prominent impact to respiratory failure/arrest,
which includes acute respiratory distress syndrome
and has other nonviral etiologies.
The timelines for each disease process to exhibit a
significant change is also intriguing. Bronchiolitis is
caused by a viral infection in children under 2 years

old. Childcare utilization dropped off significantly at
the same time as school closure but increased to lower
than prepandemic levels in the weeks to months following school closure (18). Although school closures
were mandated nationwide, daycare closures were not
mandated. The abrupt drop in patients with bronchiolitis was most likely related to closing of some daycare institutions, decreased spread from older siblings
resulting from school closures, and other protective
measures implemented by parents. However, our data
demonstrate a sustained decrease in PICU admissions
for bronchiolitis, suggesting that school-aged children
serve as an important reservoir for transmission of
respiratory viruses causing bronchiolitis. Pneumonia
has a longer course of illness (19) with time needed
for viral replication and progression into the lower
respiratory tract, immune responses to pathogens, or
bacterial invasion (20) into the lung parenchyma. This
could explain the 6-day difference between significant
changes in admission ratios.
In the United States, federal government agencies
offered guidance for public health emergencies; however, public health policies and responses occurred at
the local and state levels (21). As was the case in the
COVID-19 pandemic, there were variations in the
timing of these interventions. We developed a methodology, adapting statistical analysis from quality improvement with process control, to standardize the
evaluation of a public health intervention (school closure) on a large cohort of a severe phenotype (critically
ill children). To our knowledge, our attempt is the first
to do so at this scale and may serve as a model to investigate the public health aspects of widespread societal
changes.
Data surrounding the impact of school closure on
emerging infectious diseases are variable and comprise local experiences, mathematical modeling, and
review articles (22–28). Markel et al (29) studied
the impact of nonpharmaceutical interventions, including school closure, during the 1918–1919 influenza pandemic across 43 U.S. cities and showed
that early, sustained, and layered nonpharmaceutical interventions decreased mortality. One systematic review (30) on school closures for both seasonal
and epidemic influenza supports the use of school
closure to mitigate epidemic peak and size. It recognizes that duration of closure should be dependent
on attack rate, duration of infectiveness, and social
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Figure 2. School closure effect on common nonrespiratory diseases. Scatter plot illustrating the ratio of PICU admissions for disease
categories in 2020 over admissions for that category in 2018–2019 on the y-axis, and days relative to school closure date on the x-axis.
Ratios >1 reflect an increase in PICU admissions in 2020 compared with 2018–2019.
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contact behaviors. Although favoring the use of
school closures in severe pandemics, Cauchemez et
al (31) advocate for a balanced approach, citing unintended school closure consequences such as loss
of productivity with work absenteeism due to lack
of childcare, lack of access to school-based food
programs, risks associated with self-care (increased
peer pressure/high risk behaviors and development
of social and behavioral problems without adult supervision), dysfunction of healthcare systems due
to staffing shortages, and the widening of existing
health and socioeconomic disparities.
Although there are diagnoses in the PICU that may
be subject to the effects of wide societal shifts, we
did not identify other diagnoses that demonstrated
the same dramatic shifts as respiratory illnesses.
Although overall PICU utilization appeared to increase for diabetic ketoacidosis during the COVID19 pandemic in our data, we identified no single time
point after school closures after which the admission
rate changed. This suggests a delayed effect outside
of the timeframe of these data, a more gradual onset
of change, or that school closure did not significantly
affect the incidence of pediatric diabetic ketoacidosis. Status epilepticus is another disease with a theoretic risk of increasing due to school closures if
maintenance antiepileptic medications are withheld
or decreasing if episodes are triggered by infectious
disease. However, our data showed no significant
changes in the incidence of status epilepticus related
to school closures.
Two other common reasons for admission to the
PICU that were analyzed in this study were traumatic
injuries and ingestions. In U.S. emergency departments, initially, there were decreased visits associated
with suicide attempt early in the pandemic, but the rate
of visits increased to higher levels in female patients
12–17 years old when compared with prepandemic
rates within a few months (32). COVID-related job
loss or financial instability, stressors associated with
school closure (lack of childcare and lack of access
to mandated child abuse reporters), and shelter-inplace orders (increased exposure to a potential violent partner/parent) raised the concern of increased
interpersonal violence, including child abuse (33). We
found no significant changes in the incidence of traumatic injuries or ingestions requiring PICU admission
in our data relative to school closure. Although there

are several possible explanations for the lack of significant changes in these disease categories, the most
likely is that our time of interest (12 wk post school
closure) may not be a long enough time to detect significant changes.
Although the strengths of this study include the
large number of patients representing a wide geographic area and the novel use of normalized public
health intervention dates across the entire country,
there are several limitations. First, our retrospective
database study can elucidate associations but cannot
define causal pathways with certainty. Second, significant bias may exist in comparing our database findings against many other nonpharmaceutical public
health measures undertaken at the time of school closures. For instance, the observed associations may be
attributable to social distancing, mask mandates, or
increased hand hygiene as opposed to school closures.
Finally, large database sets inherently have the potential for data entry error and are subject to issues with
interrater reliability, but VPS has measures in place to
assure quality data (34).

CONCLUSIONS
School closures are associated with a dramatic reduction in the prevalence of severe respiratory disease
requiring PICU admission. Thus, school closure may
be an effective tool to mitigate future pandemics but
should be balanced with potential academic, economic, mental health, and social consequences.

ACKNOWLEDGMENTS
VPS data was provided by Virtual Pediatric Systems,
LLC. No endorsement or editorial restriction of the interpretation of these data or opinions of the authors has
been implied or stated. This article has been reviewed
by the VPS Research Committee.
1 Department of Pediatrics, Indiana University of School of
Medicine, Indianapolis, IN.
2 Department of Pediatrics, Stanford University, Palo Alto, CA.
3 Department of Anesthesiology and Critical Care Medicine,
Children’s Hospital Los Angeles, Los Angeles, CA.
4 Peppermint Pediatrics, Zionsville, IN.
5 Department of Pediatrics, West Virginia University School of
Medicine, Morgantown, WV.

Pediatric Critical Care Medicine
www.pccmjournal.org     7
Copyright © 2022 by the Society of Critical Care Medicine and the World Federation of Pediatric Intensive and Critical Care Societies.
Unauthorized reproduction of this article is prohibited

Rogerson et al
6 Department of Pediatrics, Medical College of Wisconsin,
Milwaukee, WI.
7 Department of Pediatrics, Duke University School of
Medicine, Durham, NC.
8 Department of Pediatrics, Case Western University School
of Medicine, Rainbow Babies and Children’s Hospital,
Cleveland, OH.
9 Department of Pediatrics, Connecticut Children’s, Hartford,
CT.
Drs. Rogerson and Lin are the cofirst authors.
Dr. Lin’s institution received funding from the Health Resources
and Services Administration and Assistant Secretary for
Preparedness and Response. Dr. Klein received funding from
the University Hospitals of Cleveland Linsalata Family Chair in
Pediatric Critical Care and Emergency Medicine; she disclosed
that she is being paid for her time as a member of the research
team. Dr. Rotta received funding from Vapotherm, Breas US, and
Elsevier. Dr. Remy received support for article research from the
National Institutes of Health. Dr. Shein received funding from
law firms for providing expert testimony and legal review. The
remaining authors have disclosed that they do not have any potential conflicts of interest.

8.

9.

10.

11.

12.

13.

For information regarding this article, E-mail: crogerso@iupui.edu
14.

REFERENCES
1. Leonhardt D: The Unique U.S. Failure to Control the
Virus. NY Times. 2020. Available at: https://www.nytimes.
com/2020/08/06/us/coronavirus-us.html.
Accessed
September 20, 2021
2. Ballotpedia: School Responses to the Coronavirus (COVID19) Pandemic During the 2019-2020 Academic Year. 2020.
Available at: https://ballotpedia.org/School_responses_to_
the_coronavirus_(COVID-19)_pandemic_during_the_20192020_academic_year#School_closures_map.
Accessed
November 16, 2021
3. Haleemunnissa S, Didel S, Swami MK, et al: Children and
COVID19: Understanding impact on the growth trajectory of an evolving generation. Child Youth Serv Rev 2021;
120:105754
4. Rajmil L, Hjern A, Boran P, et al; International Society for Social
Pediatrics & Child Health (ISSOP) and International Network
for Research on Inequalities in Child Health (INRICH) COVID19 Working Group: Impact of lockdown and school closure
on children’s health and well-being during the first wave of
COVID-19: A narrative review. BMJ Paediatr Open 2021;
5:e001043
5. Larsen L, Helland MS, Holt T: The impact of school closure
and social isolation on children in vulnerable families during
COVID-19: A focus on children’s reactions. Eur Child Adolesc
Psychiatry 2021 Mar 26. [online ahead of print]
6. Lim MTC, Ramamurthy MB, Aishworiya R, et al: School closure during the coronavirus disease 2019 (COVID-19)
pandemic - impact on children’s sleep. Sleep Med 2021;
78:108–114
7. Isumi A, Doi S, Yamaoka Y, et al: Do suicide rates in children
and adolescents change during school closure in Japan?

15.
16.

17.

18.

19.

20.
21.
22.

The acute effect of the first wave of COVID-19 pandemic on
child and adolescent mental health. Child Abuse Negl 2020;
110:104680
Dunton GF, Do B, Wang SD: Early effects of the COVID19 pandemic on physical activity and sedentary behavior
in children living in the U.S. BMC Public Health 2020;
20:1351
Eames KT, Tilston NL, White PJ, et al: The impact of illness and
the impact of school closure on social contact patterns. Health
Technol Assess 2010; 14:267–312
Wong CW, Tsai A, Jonas JB, et al: Digital screen time during
the COVID-19 pandemic: Risk for a further myopia boom? Am
J Ophthalmol 2021; 223:333–337
Araújo LA, Veloso CF, Souza MC, et al: The potential impact of
the COVID-19 pandemic on child growth and development: A
systematic review. J Pediatr (Rio J) 2021; 97:369–377
Bobo N, Olson J, Simmons-Wright S: Using Local School
Wellness Policies to Build a Culture of Health for Students
With Chronic Health Conditions: The School Nurse Role. 2022.
Available at: https://doi.org/10.1177/1942602X211026365.
Accessed April 11, 2022
Zee-Cheng JE, McCluskey CK, Klein MJ, et al: Changes in pediatric ICU utilization and clinical trends during the coronavirus
pandemic. Chest 2021; 160:529–537
Tennant R, Mohammed MA, Coleman JJ, et al: Monitoring
patients using control charts: A systematic review. Int J Qual
Health Care 2007; 19:187–194
Chow GC: Tests of equality between sets of coefficients in two
linear regressions. Econometrica 1960; 28:591–605
Pelletier JH, Rakkar J, Au AK, et al: Trends in US pediatric
hospital admissions in 2020 compared with the decade before the COVID-19 pandemic. JAMA Netw Open 2021;
4:e2037227
Wilder JL, Parsons CR, Growdon AS, et al: Pediatric hospitalizations during the COVID-19 pandemic. Pediatrics 2020;
146:e2020005983
Lee EK, Parolin Z. The care burden during COVID-19: A national database of child care closures in the United States.
Socius Sociol Res Dynamic World 2021; 7:1–10
Leung AKC, Wong AHC, Hon KL: Community-acquired pneumonia in children. Recent Pat Inflamm Allergy Drug Discov
2018; 12:136–144
Prasso JE, Deng JC: Postviral complications: Bacterial pneumonia. Clin Chest Med 2017; 38:127–138
Hodge JG: Nationalizing public health emergency legal
responses. J Law Med Ethics 2021; 49:315–320
Wu JT, Cowling BJ, Lau EHY, et al: School closure and mitigation of pandemic (H1N1) 2009, Hong Kong. Emer Infect Dis
2010; 16:536–541

23. Janusz KB, Cortes JE, Serdarevic F, et al: Influenza-like illness
in a community surrounding a school-based outbreak of 2009
pandemic Influenza A (H1N1) virus – Chicago, Illinois, 2009.
Clin Infect Dis 2011; 52 (Suppl 1):S94–S101
24. Shi J, Njai R, Wells E, et al: Knowledge, attitudes, and practices
of nonpharmaceutical interventions following school dismissals during the 2009 Influenza A H1N1 pandemic in Michigan,
United States. PLoS One 2014; 9:e94290

XXX 2022 • Volume 00 • Number XXX
8     www.pccmjournal.org
Copyright © 2022 by the Society of Critical Care Medicine and the World Federation of Pediatric Intensive and Critical Care Societies.
Unauthorized reproduction of this article is prohibited

Clinical Investigation
25. Litvinova M, Liu QH, Kulikov ES, et al: Reactive school closure weakens the network of social interactions and reduces
the spread of influenza. Proc Natl Acad Sci U S A 2019;
116:13174–13181
26. Hens N, Ayele GM, Goeyvaerts N, et al: Estimating the impact
of school closure on social mixing behaviour and the transmission of close contact infections in eight European countries.
BMC Infect Dis 2009; 9:187
27. Nishiura H, Ejima K, Mizumoto K, et al: Cost-effective length
and timing of school closure during an influenza pandemic depend on the severity. Theor Biol Med Model 2014; 11:5
28. Navarro JA, Kohl KS, Cetron MS, et al: A tale of many cities: A
contemporary historical study of the implementation of school
closures during the 2009 pA(H1N1) influenza pandemic. J
Health Polit Policy Law 2016; 41:393–421
29. Markel H, Lipman HB, Navarro JA, et al: Nonpharmaceutical
interventions implemented by US cities during the 1918-1919
influenza pandemic. JAMA 2007; 298:644–654

30. Bin Nafisah S, Alamery AH, Al Nafesa A, et al: School closure during novel influenza: A systematic review. J Infect Public
Health 2018; 11:657–661
31. Cauchemez S, Ferguson NM, Wachtel C, et al: Closure of schools
during an influenza pandemic. Lancet Infect Dis 2009; 9:473–481
32. Yard E, Radharkishnan L, Ballesteros MF, et al: Emergency department visits for suspected suicide attempts among persons
aged 12-25 years before and during the COVID-19 pandemic
– United States, January 2019 – May 2021. MMWR Morb
Mortal Wkly Rep 2021; 70:888–894
33. Swedo E, Idaikkadar N, Leemis R, et al: Trends in U.S.
Emergency Department visits related to suspected or confirmed child abuse and neglect among children and adolescents aged < 18 years before and during the COVID-19
pandemic – United States, January 2019 – September 2020.
MMWR 2020; 69:1841–1847
34. Wetzel RC: Pediatric intensive care databases for quality improvement. J Pediatr Intensive Care 2016; 5:81–88

Pediatric Critical Care Medicine
www.pccmjournal.org     9
Copyright © 2022 by the Society of Critical Care Medicine and the World Federation of Pediatric Intensive and Critical Care Societies.
Unauthorized reproduction of this article is prohibited

