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1 | INTRODUCTION

Infectious disease pandemics have continued to emerge throughout
history, with human pathogens often transmitted from non-human
reservoirs.! Pandemics such as the coronavirus disease 2019 (COVID-
19) have had a devastating global toll on human lives. The overall threat
from infectious disease outbreaks is greater than ever due to the ease
of air travel, urbanization, and increasing population size. Each new
pandemic creates unique challenges and educational opportunities for
preparedness and response.

Since SARS CoV-2 was first recognized as the causative agent of
COVID-19, most research has focused on disease impact and resource
use for adult patients. This article reviews the impact of the COVID-19
pandemic on the pediatric emergency care continuum, encompassing
prehospital transport and interfacility transfer,emergency department
(ED) operations, clinical considerations, diagnostic testing and thera-
peutics, and workforce considerations with an aim to provide lessons
from the pandemic that can help prepare emergency medical services
(EMS) and ED systems to care for children in future health-related
crises.

2 | EMS AND INTERFACILITY TRANSPORT
CONSIDERATIONS

At the onset of the COVID-19 pandemic, very little was known about
its epidemiology, infectious potential, and illness severity. However, it
later became clear that adult patients with COVID-19 had higher ill-
ness burden than children, causing an increase in pre-hospital adult
transport along with a decrease in pediatric transport. Meanwhile,
COVID-19-specific infection control protocols and guidelines had not
yet been established, and critical shortage of personal protective
equipment (PPE) and challenges with prioritizing distribution of PPE
stockpiles put EMS clinicians at a safety risk.2 Although certain EMS
dispatch screening protocols® were used early in the pandemic to iden-
tify patients at high risk for COVID-19, these were later discontinued
because any patient transported may be infected.*

Decrease in pediatric transports in the early phase of the COVID-

19 pandemic was likely secondary to school closures, stay-at-home

syndrome in children. This was an unexpected complication of COVID-19 and further
challenged the health care system. This article reviews the impact of COVID-19 on the
entire pediatric emergency care continuum, factors affecting ED care of children with
COVID-19 infection, including availability of vaccines and therapeutics approved for
children, and pediatric emergency medicine workforce innovations and/or strategies.
Furthermore, it provides guidance to emergency preparedness for optimal delivery of
care in future health-related crises.

CQOVID-19, pandemic emergency preparedness, pediatric emergency medicine, pediatrics

orders, and social distancing, which decreased infectious disease trans-
mission risk.> Children who were transported by EMS were more
critically ill, some of whom died either before EMS arrival or dur-
ing transport.® Additionally, pediatric trauma centers experienced an
increase in transfers of ill and injured children from other acute care
settings.” One plausible explanation for the increased transfers is
decreased capacity of general EDs to care for pediatric patients due
to significantly increased adult patient volumes.” Routing pediatric
patients to more highly specialized regional pediatric medical centers
versus the closest ED increased transport duration and took paramedic
units out of service for longer periods of time.”

COVID-19 also impacted the assignment of EMS professionals to
differing tasks. Paramedics, for example, were redistributed to public
testing sites to perform specimen collection and to administer vacci-
nations to adults and later, children.® In addition to this, establishment
of standing transfer protocols and acceleration of telehealth programs
helped improve local and regional communication between hospitals
and EDs.

3 | ED AND HEALTHCARE SYSTEM OPERATIONS

3.1 | ED physical space and equipment
The COVID-19 pandemic caused EDs to face space redesign needs in
order to optimize infection control. Along with general EDs, pediatric
emergency departments (PEDs) made changes to the ED layout, such
as installation of plastic barriers to care areas without rooms or doors,
expansion of ED care areas to the triage area, outdoor tents, or the
waiting room, and separating infectious and non-infectious children
into different care areas to promote safety of all patients in the ED.?~-11
In addition to these changes to the environment, many previously des-
ignated PED and pediatric units were converted to adult care areas.
PEDs also incorporated telehealth for virtual urgent care, post-ED visit
follow-up, and mental health consultations.213

From an equipment standpoint, to preserve limited available PPE*
and to minimize infectious exposure by ED staff, some PEDs reduced
the number of staff directly interacting with patients under investi-
gation for COVID-19 to one non-trainee provider.!>1> In academic
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centers, this effort to preserve PPE impacted the training of medi-
cal students and residents.’® Additionally, several PEDs began using
a phone or tablet in order to obtain history and provide updates
to patients and their families without physically being inside the
examination room.'3 Protocols for airway management and resusci-
tations were amended to minimize ED staff exposure to aerosoliz-
ing procedures.'>17-20 Staff adherence to PPE during resuscitations
requiring aerosol-generating procedures in the start of the pandemic
was inconsistent,2! highlighting need for quality initiatives tailored to
improving PPE adherence and minimizing infectious exposure of PED
staff.

3.2 | ED staffing and scope of practice

Early in the pandemic, it became rapidly clear that COVID-19 was
readily transmissible and was highly virulent, with a high rate of sig-
nificant illness in adults.22 The number of critically ill patients in
many hospitals exceeded the number of critical care and ED beds,
prompting the need for other inpatient areas to serve as intensive
care units. At the same time, PED volumes declined sharply, lead-
ing to reduced pediatric emergency physician hours in many PEDs.23
Additionally, at some institutions, pediatric-trained staff (physicians,
nurses, respiratory therapists, etc) were given temporary change in
delineation of privileges to expand scope of practice and were rede-
ployed to care for adults as part of the disaster response, or were
transitioned to providing telehealth services.>1¢24 Non-emergency
medicine trainees (medical students, residents, and fellows) who were
originally assigned to work within the PED experienced restrictions
on patient care provision and procedures, were reassigned to care
for adults, or away from the ED altogether.!> These measures ini-
tially helped to maximize hospital staffing in locations of increased
infection risk and minimized exposure within the pediatric ED, with
a tradeoff of impact on trainee learning about emergency pediatrics
and overall decreased trainee exposure to more typical pediatric ill-
ness and injury.'® Additionally, emergency medicine trainees may have
been reassigned and/or had decreased exposure to pediatricillness and
injury due to change in pediatric emergency volumes. The impact of
this decrease in exposure to pediatric emergency medicine on trainee
education and preparedness to care for children after residency is

unknown.2>:26

3.3 | Unique ED challenges

A significant proportion of pediatric patients (children under age 2
years, children with special needs or with complex care needs) could
not tolerate face masks, thus putting this population at increased
risk for disease transmission.2”28 |n addition, screening for COVID-
19 symptoms was a challenge as mild or atypical COVID-19 symptoms
were commonly seen in children, making infection control difficult.1213
Hospital visitor policies also needed to be changed to minimize infec-
tious exposure to patients and staff with some hospitals allowing only
one caregiver to accompany a pediatric patient.>2? This strategy had

a profoundly negative consequence for ill and injured children, both
for obtaining valuable medical history and for emotional support and
comfort to the child.®%31

Although infections with other viruses such as respiratory syncytial
virus (RSV) and influenza decreased significantly in the beginning of
the COVID-19 pandemic, a rise was noted later in the summer months
of 2021 with increased ED visits and hospitalizations. The RSV surge
was likely in the setting of relaxed physical distancing measures,32-33
and decreased population immunity after a period of decreased RSV
exposure.343> Children of all ages were impacted, but a disproportion-
ate increase of infection was seen in children under 5 years of age.3¢
Infants, those with history of prematurity, and children with chronic
medical conditions were at increased risk of hospitalization.3” Viral
surges complicated existing staffing challenges and identified the need
for increased flexibility of health care resources in the face of rapid

influxes of children.

3.4 | Impact on pediatric outpatient care

The COVID-19 pandemic also impacted routine care for children.
Well-child visits in the first 2 years of life are critical for a child and
involve tracking a child’s health and development, counseling on pre-
ventive care, and engaging caregivers in the health care of their child.
Unfortunately, during the first years of COVID-19,%%3? there was a
significant reduction in the in-person well-child visits and pediatric
vaccinations.*%41 The effect of these missed in-person appointments
for children may be far reaching, including delays in diagnoses that
have significant impact on a child’s life, as well as susceptibility to dis-
ease that may lead to downstream infections and future morbidity
and mortality.*? Additionally, since the start of the pandemic, routine
immunization rates in the United States and globally have been down
trending.*34* The full consequences for missed in-person, well-child
visits and decreased routine vaccination rates and the potential future

impact on pediatric emergency care are yet unknown.

4 | CLINICAL CONSIDERATIONS

Although early in the COVID-19 pandemic, the majority of children
had mild illness and better outcomes than adults, some children were
at risk for potentially severe disease.*>#¢ As the pandemic progressed,
specific COVID-19 variants (eg, Delta) contributed to an increase in
hospitalizations for children.*> Additionally, others developed multi-
system inflammatory syndrome in children (MIS-C) within 2-6 weeks
of their acute COVID-19 infection.*”#8 Children with MIS-C presented
with symptoms of prolonged fever and signs of inflammation through-
out the body, with a subgroup showing clinical similarities to Kawasaki
disease.*? Although all ages of children were affected by COVID-19
infection, MIS-C most frequently impacted children 6-12 years old and
required multi-specialty supportive and immunomodulatory care.>®

Although overall ED visits by children declined during early COVID-

19, the proportion of ED visits for mental or behavioral health
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symptoms increased during the same time period and have continued
to increase as the pandemic has continued.’1=>3 Anxiety about the
pandemic, social isolation due to remote learning mandates, local quar-
antine regulations, travel restrictions, pediatric general and specialty
clinic closures, and limited availability of community-based services
against the backdrop of pre-pandemic rising ED utilization for men-
tal health conditions and decreasing psychiatric inpatient beds, likely
all contributed to this rise.>>>* For children in the ED who need inpa-
tient psychiatric care, the strained health care systems have led to
substantial lengths of time awaiting disposition, called ED boarding.
In 2021, many hospitals reported average wait time for an admission
or transfer to a psychiatric bed of 48 hours.>® ED boarding has pro-
found impact on children, their families, ED staff, and the ED’s ability
to care for other patients.>®57 Additionally, during the initial months
of the pandemic, visits related to child abuse or maltreatment sharply
decreased.>2°8 This was possibly due to less involvement of mandated
reporters including schools and primary care offices in the wake of
school closures and the transition to virtual learning.??-¢* A systematic
review reveals that although there was a decline in allegations of child
maltreatment, there was a reported rise in severity of maltreatment
presentations with lockdown measures.®> The consequences of lock-
down measures, school closures, decreased reporting of child abuse,
and a rise in pediatric ED utilization for mental health conditions are

unclear on a population level and the full impact is yet to be determined.

5 | DIAGNOSTIC TESTING, VACCINES, AND
THERAPEUTICS

5.1 | Testing

The COVID-19 pandemic has demonstrated that reliable, accurate,
timely, and accessible testing was critical to the health care response.
Moreover, reliable test results can be used to guide isolation prac-
tices and policies. In the absence of accurate testing, children whowere
symptomatic, had to be assumed to carry the disease and be isolated
and treated according to the best public health approaches. During the
early phase of COVID-19 pandemic, diagnostic testing availability was
limited, and guidelines for whom to test were unclear. The rapidly fluc-
tuating recommendations on testing made it difficult for emergency

physicians to test all children who potentially warranted diagnostics.

5.2 | Vaccine development

Development of vaccines for SARS and the Middle East Respiratory
Syndrome helped provide the foundation for rapid development of an
effective vaccine candidate for SARS-CoV-2. The United States (US)
government led an operation that bridged public and private sector
sharing of knowledge, expertise, and infrastructure, called Operation
Warp Speed.®® In less than 10 weeks from the release of its gene
sequence, Moderna, Inc (Cambridge, MA) entered clinical trials for its
mRNA-based SARS-CoV-2 vaccine, with Pfizer, Inc (New York, NY) only

a few weeks behind. An integral component to expedited vaccination
deployment was US government investment in commercial-scale man-
ufacturing of candidate vaccinations early in the process, before data
availability of harmonized phase 3 trials.¢”

Vaccine development in children and adolescents was not part of
the initial development plan potentially because the original COVID-
19 variant caused mild symptoms in most children. This perspective
changed over time, likely due to increased virulence of new variants,
a concern for the impact of MIS-C and “Long COVID” syndrome (per-
sistent COVID-19 symptoms for a prolonged time after initial recovery
from the disease®®), and potential harms to children not related to
health, such as school absenteeism.®? In May of 2021, the Food and
Drug Administration granted emergency use authorization (EUA) for
Pfizer-BioNTech COVID-19 vaccine use in adolescents 12-15 years of
age. Although there are now 4 vaccines approved in the United States
for primary series and boosters in children as young as 6 months, the
approval timeline was substantially longer than that of adults.”® More
recently, a new bivalent COVID-19 vaccine was developed, which is
effective in preventing hospitalizations for children with either the

original viral strain or the Omicron subvariants.”172

5.3 | Therapeutics

To date, no published results from pediatric clinical trials evaluating
the treatment of COVID-19 exist.”® The available literature on phar-
macologic therapies for children who have acute COVID-19 infection
is limited to descriptive and observational studies. Therefore, guid-
ance around use of therapies to treat children with COVID-19 is
based primarily on extrapolating recommendations for adults through
expert panel recommendations.”~7¢ Data from adult studies is most
applicable to older children and adolescents with lower respiratory
tract infection, and caution is recommended when extrapolating adult
data to children with COVID-19 infection who present with differing
respiratory symptoms (eg, croup, asthma).

For non-hospitalized children with COVID-19 infection, expert
panel recommendations include supportive care management.””
Ritonavir-boosted nirmatrelvir is approved for children >12 years
old and 40 kg who are deemed to be high risk of developing severe
COVID-19 infection. For hospitalized children, recommendations
are based on the risk of developing severe COVID-19 infection
and supplemental oxygen requirements. Intravenous remdesivir
is approved for children >28 days and 3 kg. Although a phase 2/3
open-label study on remdesivir was performed to evaluate the safety
and pharmacokinetics in hospitalized children with COVID-19,7® the
efficacy of the drug in children has yet to be confirmed via clinical
trial. Dexamethasone is also recommended for hospitalized children
with COVID-19 who require oxygen through a high flow device,
non-invasive ventilation, have escalating oxygen therapy needs, or
require ventilation or extracorporeal membrane oxygenation.”® For
hospitalized children with concern for MIS-C, there are no existing
clinical trials that compare treatments for MIS-C and all available data

is based on descriptive studies. Expert panel recommendations include
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TABLE 1

Issue/area

Emergency medical services/transfer

Pediatric ED operations

Clinical considerations

Diagnostic testing/vaccines/therapeutics

Workforce effects

Successful measures

-Flexibility of prehospital staff to work in
different settings based on patient need

-Development of protocols aimed to keep
transport teams and patients safe

-Adaptability of physical space for infection
control

-Expansion of telehealth

-Limiting direct patient care to essential
emergency staff

-Recognition of differing clinical presentations of
illness among children compared to adults

-Development of vaccines specific to infants and
children

-Shift of trainees to populations in most need
during disasters

-Pediatric emergency medicine physicians
cross-training to care for adults

-ED staff flexibility to provide care in other areas
of the hospital/prehospital environment, when

WILEY->*®

Recommendations for future pandemic/disaster pediatric ED preparedness for children

Areas for improvement

-Pre-existing transfer agreements for children
among hospitals when surges occur

-Ensuring appropriate personal protective
equipment is available for prehospital staff

-Early national warning system to alert
institutions about potential surges

-ED and institutional maintenance of active
disaster readiness program with consideration
of care for children and families in disasters

-Development of patient flow plans to facilitate
movement of patients experiencing boarding
from the ED

-Pre-existing plan to care for adult patients

-Investment in sustainable pediatric telehealth
programs

-Centralizing communication to prioritize
information shared for creation of training
resources, protocols, guideline development

-Early consideration of children in vaccine
development
-Inclusion of children in therapeutic studies

-Reduce barriers of licensing of physicians in
disaster/pandemic

-Develop strategies keep trainees engaged and
ensuring appropriate exposure and training in
pediatric emergency medicine

-Institutional investment in health and well-being

needed

Abbreviation: ED, emergency department.

intravenous immunoglobulin plus concomitant glucocorticoid therapy

and antithrombotic treatment.”?

6 | HEALTHCARE SYSTEM AND WORKFORCE
EFFECTS

6.1 | System of care

Over the years, pandemics have revealed the challenges of prepared-
ness in the continuum of emergency care. In 2003, The SARS-CoV-1
pandemic exposed system inefficiencies,2° which became more appar-
ent as the pandemic continued. For the COVID-19 pandemic, initial
attempts at containment resulted in the shutdown of more than one
third of the world’s economies and a global standstill ensued. Despite
these efforts, the transmission rate, infectivity, severe iliness, and mor-
tality associated with SARS CoV-2 have been among the highest of any

pandemic.8?

6.2 | Financial impact

COVID-19 further highlighted the challenges inherent in the current
system of medical care in the United States. Rapid loss of revenue

of their employees

from cancelled high-value elective procedures and other medical care
early in the pandemic to prepare for anticipated surges had a signifi-
cant financial impact on the system. Additionally, although some areas
such as adult acute care areas required additional staffing, other areas
such as pediatric wards, intensive care units, urgent cares, and primary
care clinics were asked to cut back on staffing or to furlough staff.82
The very same areas later became the most highly needed areas for
staffing, with surges in pediatric respiratory illnesses. Understanding a
balance between current and future needs to patients of all ages as well
as the financial impact to health care systems will be needed in future

pandemic planning.

6.3 | Health care workforce exhaustion and
burnout

The COVID-19 pandemic has had a substantial impact on the well-
ness of pre-hospital and hospital-based health care professionals, with
many reporting high levels of emotional exhaustion and burnout.83-8¢
Despite initial lower ED volumes on shifts, pediatric emergency physi-
cians experienced heightened stress and anxiety due to multiple
contributing factors including availability of PPE, risk of infection to
themselves and their families, guilt about colleagues in the adult ED
(perceived to be experiencing more stress in the ED as a result of the
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pandemic), and concern about job stability or salary decreases due to
unknown pediatric volumes.'®

7 | LESSONS LEARNED

To best prepare for the future, the medical community can look
to challenges that have been faced during the COVID-19 pandemic
pertaining to pediatric emergency care. Prior literature outlines emer-
gency medicine recommendations to prepare for the next pandemic,
such as centralize information, create early warning systems, ensure
availability of appropriate equipment, streamline physician licensing,
allocate appropriate financial support, ensure disaster plans include
policies and recommendations for patients of all ages, facilitate bidi-
rectional communication between institutional leadership and staff,
institute robust infection control measures, establish relationships
between local authorities and community resources, and invest in the
health and well-being of medical staff.8” Pediatric-specific recommen-
dations can be added to ensure children are considered in pandemic

planning (Table 1).

8 | CONCLUSIONS

Children have been impacted differently than adults by the COVID-
19 pandemic. Although most children have had mild disease, some
have experienced more severe COVID-19 symptoms and MIS-C. The
EMS system has experienced shifts in pediatric staffing needs with
decreases in pediatric transports and ED visits early in the pandemic
leading to changes to pediatric emergency physician and nurse staffing
redistribution. However, as the pandemic has evolved, surges in chil-
dren seeking medical care have led to staffing challenges, strain on
health care resources, and emotional exhaustion and burnout across
a spectrum of health care professionals. Additionally, there are unex-
pected effects to pediatric care including decreased in-person well-
child visits and scheduled vaccinations, an increase in proportion of ED
mental health visits, and decrease in visits related to suspected child
mistreatment. The full impact of the COVID-19 pandemic on the emer-
gency care of children s yet to be fully elucidated and careful reflection
on how this pandemic affected children will help with preparation for

future global events.
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