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higher rates of COVID-19 infections and deaths than their population percentages in the United States. Unique populations of children, including
children with developmental disabilities, children in the foster care system,
children with chronic medical problems, and children who are homeless
are particularly vulnerable to COVID-19 infection. This article explores
how the COVID-19 pandemic superimposed on health disparities directly
and indirectly affects children, adolescents, and their caregivers.
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Foreword
COVID-19 Pandemic, Children,
Pediatricians, and the Future

Bonita F. Stanton, MD
Consulting Editor

Severe acute respiratory syndrome coronavirus 2 (more widely known as COVID-19)
appears to have made its global debut in December 2019 in China.1 To date (July 4,
2021), 172,612 publications regarding COVID-19 have been recognized by the United
States National Library of Medicine (accessible through PubMed). To put into perspective the massive amount of work that this represents over such a short time, let us turn
to the publications regarding the human immunodeficiency virus (HIV), also a
pandemic of enormous and continuing global recognition, importance, and cost.
This disease was first recognized in June 1981. To date, after forty years, there have
been only 462, 827 publications regarding HIV,2 which is only 2.6 fold the number of
publications concerning COVID-19 after only 1.5 years.2 What makes COVID-19 especially concerning?
There are many reasons. First, it is difficult to identify a segment of the world’s population that has not been impacted by the COVID-19 Pandemic. It is difficult to identify
a professional group that has not been impacted by the COVID-19 Pandemic. It is difficult to imagine a curriculum, a technology, or a local, state, national, or global health
policy that has not in some way been impacted by COVID-19. Indeed, the lives of virtually every person in every country across the world have been fundamentally uprooted
by COVID-19, and may remain so for many more years to come.
Second, it is important to specifically address the consequences of the pandemic on
all subpopulations, but most especially on children. Children’s many needs, both preventive and treatment, include but are not limited to medical, economic, educational,
emotional, and developmental domains. Moreover, until the emergence of some of the
more recent mutations of COVID-19, children were misperceived as being less
impacted by COVID-19 than were adults, especially elderly adults. While this perception may have accurately assessed the likelihood of serious biologic trauma inflicted on
children by COVID-19, it was never a correct characterization of children’s
Pediatr Clin N Am 68 (2021) xv–xvii
https://doi.org/10.1016/j.pcl.2021.07.002
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vulnerabilities to all the consequences of the disease. Children are susceptible to
many of these consequences, some of which can last for years. Moreover, as
COVID-19 variants emerge, serious illness among children has been increasing.3
In recognition of the need to specifically address the needs of children in the context
of a global pandemic, this issue of Pediatric Clinics of North America offers a panoramic view of the possible impact of COVID-19 among children, including potential
aggravation of preexisting health disparities; mental health and substance abuse effects; vaccine effects (both desired and undesired); changes in the approach to pediatric care, including vaccinations; impact of COVID-19 on other major pediatric health
issues, including diabetes, asthma, neurologic disorders, and such; and differences in
broad public health preventive measures between children and adults.
We recognize that each of the descriptions provided in this issue of Pediatric Clinics
of North America only reflect our understanding of the pandemic up to a specific
moment in time. Some of the causal relationships we describe in this issue may
already have undergone reanalysis by the time of printing, and many more will change
in the future. Both the disease itself and/or our understanding of the factors that mitigate or aggravate the disease or its impact in certain circumstances will vary over time
or by population. We have already seen evidence that many treatments and ameliorative agents that initially appeared promising did not ultimately retain this ability over
time. We are also well aware that the virus mutates quickly and effectively, thereby impacting the potential of the affect the vaccine.
Finally, we know that population groups varying by race, nationality, income, educational background, and so forth may have very different understandings of the safety
and efficacy of the potential treatments and prevention options available. It is our responsibility as pediatricians and other child health care advocates to recognize these
differences in their acceptance of existing and future drugs and vaccines and to work
with the families, parents, and children expressing such views to help them understand our perspectives and help us understand their perspectives. We must let
them know that to the degree possible, our perspectives and recommendations will
be specific to each of their children and may change over time as we gain greater understanding of the disease and as more options become available. For now, we
believe that among the available vaccines, drugs, and other treatments currently available, the approaches that we are recommending are what we believe to be in the best
interest of their child, and in many cases these options are very effective with little or
no risk to the child.
Bonita F. Stanton, MD
Hackensack Meridian
School of Medicine
Academic Enterprise
Hackensack Meridian Health
123 Metro Boulevard
Nutley, NJ 07110, USA
E-mail address:
Bonita.Stanton@hackensackmeridian.org
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Preface
H o w D o We Ta k e C a r e o f C h i l d r e n
During this COVID-19 Pandemic?

Elizabeth Secord, MD
Eric J. McGrath, MD
Editors

On March 10, 2021, a colleague of mine posted the following on Facebook, “A year ago
today we were living the last normal week of our lives, and we had no idea.” He was, of
course, correct that we have shared a very life-altering and very difficult year due to
COVID-19. In the United States alone, over half a million have died of COVID-19;
many jobs have been lost, and our way of life has been grossly altered due to loss, social distancing, and pandemic precautions.
The pandemic has affected children and adolescents in different ways than it has
affected adults, and in different ways than we anticipated. Our asthmatics had a break
from the emergency room and hospital because of decreased exposure to all viruses
while staying home. School was transformed into a screen. Obesity secondary to lack
of exercise and food insecurity plagued many children and adolescents. Children did
not suffer the morbidity and mortality that their elders realized, but a newly described
severe inflammatory syndrome associated with COVID-19 multisystem inflammatory
syndrome in children (MIS-C) began to affect children. Treatments for COVID-19 in
children and treatments for MIS-C lagged behind treatments for adults, as did vaccine
opportunities for children and adolescents. Pediatricians and pediatric subspecialists
mobilized through telehealth visits to reach chronically ill children and adolescents who
were unable to access health care during the pandemic, and mental health issues
worsened secondary to isolation and anxiety. And, of course, not all children and adolescents were equally affected, and children of color, children with disabilities, and
children of lower socioeconomic classes, as usual, lost the most.
We have tried to cover the major aspects of what we learned this year. We have
covered safety precautions, treatment, vaccines, educational adaptations, special
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populations (eg, substance abuse disorder, diabetes, and immunocompromised children), and mental health issues. There is, as in every review, much we do not yet know.
Elizabeth Secord, MD
Wayne Pediatrics
400 Mack Avenue
Detroit, MI 48201, USA
Eric J. McGrath, MD
Wayne Pediatrics
400 Mack Avenue, Suite 1E
Detroit, MI 48201, USA
E-mail addresses:
esecord@med.wayne.edu (E. Secord)
emcgrath@med.wayne.edu (E.J. McGrath)

M e n t a l H e a l t h E ff e c t s o f th e
COVID-19 Pandemic on
C h i l d ren an d A d o l e s c e n t s
A Review of the Current Research
Jill Meade,

PhD

KEYWORDS
 COVID-19  Child  Adolescent  Mental health  Psychological  Anxiety
 Depression
KEY POINTS
 Research is ongoing regarding mental health effects of the coronavirus disease 2019
pandemic on children and adolescents.
 Early studies show children and adolescents experiencing increased anxiety and
depression.
 Isolation, loneliness, lack of physical activity, family stress, and racism may contribute to
the effects of the coronavirus disease 2019 pandemic on child and adolescent mental
health.

BACKGROUND

Coronavirus disease 2019 (COVID-19) has created unimaginable challenges for children, adolescents, and their families around the world. This virus, which was first identified in Wuhan, China, in December 2019,1 has led to 23,440,774 cases of COVID-19
in the United States (as of January 16, 2021) and has caused more than 390,938 total
US deaths.2 Pandemic-related school and business closings and community lockdowns have had significant effects on families. The earliest world-wide lockdowns
that started in China around January 23, 2020,3 included restrictions on schools
and gatherings, and resulted in children being transitioned to online school. In the
United States, many school districts began transitioning to online school in March
2020 in conjunction with community closures.4 Since then, individual communities
and states within the United States have continued to impose and lift restrictions in
response to COVID-19 outbreaks. This situation has been and continues to be a
constantly changing situation, with new stressors occurring constantly.

Children’s Hospital of Michigan, Department of Psychiatry/Psychology, Box 137, 3901 Beaubien
Boulevard, Detroit, MI 48201, USA
E-mail address: jmeade@med.wayne.edu
Pediatr Clin N Am 68 (2021) 945–959
https://doi.org/10.1016/j.pcl.2021.05.003
0031-3955/21/ª 2021 Elsevier Inc. All rights reserved.

pediatric.theclinics.com

Downloaded for Anonymous User (n/a) at Egyptian Knowledge Bank from ClinicalKey.com by Elsevier on September 19,
2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.

946

Meade

COVID-19–RELATED SOURCES OF STRESS FOR CHILDREN AND ADOLESCENTS

Everyday life for children and adolescents has been significantly disrupted by the
COVID-19 pandemic. Potential stressors for children and adolescents during this challenging time could include:
 Increased social isolation
 Heightened concerns over safety and health
 Increased stress of parents and caregivers owing to work, financial, or other
impacts
 Increased family conflict, parent–child conflict, and/or child abuse
 Placements with friends or relatives owing to parent work situation
 Loss of prosocial activities (school, sports, social activities, hobbies)
 Adjustment to online schooling processes and demands
 Increased screen time and sedentary behaviors
 Decreased access to medical and mental health care, including exacerbated
health disparities
ADDED EFFECTS OF SOCIOPOLITICAL EVENTS

In addition to the pandemic-related changes discussed, co-occurring sociopolitical
stressors during this time also likely impact the mental health of children and adolescents. Given that the first cases of COVID-19 were identified China,1 some American
politicians began referring to it as the “Wuhan virus” or the “Chinese virus,” which led
to reports of a racism pandemic against Asian Americans in the United States.5 Early
research on this topic demonstrated that nearly one-half of Chinese American parents
and their children ages 10 to 18 who were surveyed reported being targeted by or witnessing COVID-19 racial discrimination.6
Additional racial-based stressors occurred in the United States beginning May 25
with the death of George Floyd at the hands of the police.7 Through media coverage
and a video of his death, many children were exposed to examples of violence and/or
racism. Outrage over police violence focused the country on issues of racial justice
and resulted in months of protests and demonstrations, peaking in June 2020.8 It is
difficult to disentangle the effects of the COVID-19 pandemic stressors from these sociopolitical events in the United States.
EARLY REVIEWS ON COVID-19 AND CHILD MENTAL HEALTH

The earliest identified reviews of original research looking at COVID-19 effects on child
and adolescent mental health identified concerns about increasing levels of depression and anxiety9 as well as post-traumatic symptoms.10 A review by Fong and Iarocci11 published in November 2020 combined past pandemic research with newly
available COVID-19 findings and concluded that pandemic-related social isolation
and quarantining is resulting in significant anxiety, post-traumatic stress disorder
(PTSD), and fears in children and adolescents. The authors emphasized the importance of reducing barriers to mental health services for children and families.
CURRENT STUDIES

The purpose of this article is to provide an updated review of the current body of
research findings to date on the specific impacts of COVID-19 on the mental health
functioning of children and adolescents. Original data studies examining mental health
outcomes in the general population of children and adolescents during COVID-19
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were identified through search engines and publications. Table 1 provides a summary
of studies reviewed, including authors, country of origin, month(s) of data collection,
number and ages of subjects, and major findings with regards to child and adolescent
mental health. These studies present a snapshot in time, and it will be important that
research be ongoing in order to understand the short- and long-term effects of the
pandemic on children and adolescents.
Changes in Mental Health Owing to COVID-19

To investigate changes in child/adolescent mental health functioning in relation to the
pandemic, studies have examined parent and youth retrospective symptoms reports
and have compared current data to that from previous years. Longitudinal data analyses would be ideal, but are not yet available.
Parent and child report of changes

The worsening of child mental health during the pandemic has been reported by parents and children. A US study of 1000 parents with at least 1 child under age 18 years
found that 14.3% of parents reported observing worsening in child’s behavioral health
after March, with little difference in racial, ethnic, income, or education groups.23 Reported declines in parent and child mental health for these families were linked to having younger children, loss of child care, and reported increased food insecurity.
Canadian researchers collected data from both clinical and community samples of
youth ages 14 to 28 approximately 1 month after pandemic onset. Both groups reported significant declines in mental health compared with prepandemic functioning,
with the community sample reporting the greatest decline. Interestingly, this primarily
college-aged sample reported decreased substance use from before to after the
onset of the pandemic, possibly owing to a return to parents’ homes.
Suicide statistics across times periods

Studies examining large health-related datasets have been able to compare changes
in suicide-related behaviors from year to year. Hill and colleagues17 examined the
outcomes of routine screening for suicide in 18,247 youth ages 11 to 21 years in a
large US city hospital emergency department (ED), comparing percentage of youth
seen reporting recent suicidal ideation and recent attempts from March through
July 2020 with the same months in 2019. They found higher rates of both suicidal
ideation in March and July 2020 (compared with 2019), and higher rates of recent
suicide attempts in February through April and July 2020 (compared with 2019), suggesting that events in 2020 were leading to these increases. In contrast, in Japan researchers used public data to compare rates of completed suicides in youth under
age 20 years for March through May of 2019 and the same months in 2020.18
Although they found that youth suicide in Japan did increase from March to May
each year, rates were not worse in 2020. Researchers hypothesized that youth
remaining at home with family (owing to COVID-19 restrictions) may have been a protective factor.
Mental health emergency visit rates

Hospital emergency departments are often the site for crisis mental health evaluations
of children and adolescents. Using data from the Centers for Disease Control and Prevention reporting general mental health-related visits for children less than 18 years of
age at hospital emergency departments across 47 US states, Leeb and colleagues20
examined rates of visits for the period of January through October in 2019 and 2020.
When examining proportion of mental health-related visits per 100,000 emergency
department visits, sharp increases were found after March 2020, and these increases
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Findings Regarding Child and Adolescent
Mental Health

Author

Country (Data Collection Dates)

Cheah et al,6 2020

United States (March 14 to May 31, 2020) 543 parents in the United States who
identify as Chinese and 320 of their
children, ages 10–18 y

Majority of parents and children reported
directly experiencing or witnessing
racial discrimination against Chinese or
Asian Americans owing to COVID-19.
Both parent report of poorer child wellbeing and child report of anxiety linked
to experiences of racial discrimination.

Chen et al,12 2020

Guiyang, China (April 2020)

1036 children, ages 6–15 y

11.78% rate of depression, 18.92% rate
of anxiety, and 6.56% rate of both.
Factors linked with depression: being
female, being older teen, lower parent
education, no companion on
weekdays, and less physical exercise.
Factors linked with anxiety: being female,
no companion on weekdays, and less
physical exercise.
Some belief physical exercise serves a
protective factor.

Duan et al,13 2020

20 provinces in mainland China (article
submitted in April 2020)

3613 children ages 7–18 y

22.28% of sample reported depressive
symptoms above clinical threshold.
Anxiety in children was 23.87% and
29.27% in adolescents.
Increased anxiety linked to being aged
13–18, female, living in urban area,
emotion-focused coping style,
Increased depression linked to
smartphone addiction, Internet
addiction.
Problem-focused coping and fewer hours
on the Internet before pandemic
related to decreased depressive
symptoms.

Meade
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Table 1
Research examining mental health impacts of COVID-19 on children and adolescents

United States (April to July 2020)

133 caregivers of at least 1 child aged 1– Parents reported top mental health
19 y
problems in their most challenging
child; Results grouped by age:
1–5 y: misbehavior, social isolation,
boredom, needing attention, anxiety
6–12 y: academics, misbehavior, anxiety,
social isolation, depression
13–19 y: depression, anxiety, misbehavior,
social isolation, inattention or
impulsivity

Gassman-Pines et al,15 2020 United States (Feb to April 2020)

645 parents of children 5–7 y

In children of hourly service-industry
workers, more COVID-related
hardships (job loss, loss of income,
caregiver burden) resulted in increased
children’s uncooperative and worry
behaviors.

Hawke et al,16 2020

Canada (April 2020)

Clinical sample of 276 youth, and
community sample of 346 youth,
majority Caucasian, ages 14–28 y.

Significant mental health decline
reported by participants across groups.
Internalizing disorder: 68.4% of clinical
sample and 39.9% youth in the
community sample had high likelihood
of meeting criteria.
Externalizing disorders: 40.2% of clinical
and 16.9% of community sample had
high likelihood.

Hill et al,17 2020

United States (February to July 2020)

11- to 21-year-old youth seen at a city
emergency department

City ED screened youth for reported
recent suicidal ideation and suicide
attempts; rates were higher in several
months of February to July 2020
compared with same period in 2019
(continued on next page)
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Table 1
(continued )
Findings Regarding Child and Adolescent
Mental Health

Author

Country (Data Collection Dates)

Participants

Isumi et al,18 2020

Japan (March to May, 2018, 2019, 2020)

Nationwide suicides among youth <20 y

Concluded pandemic did not have
significant effect on suicide rates
compared with previous years or pre–
post school closure.
Discussed possible positive connections,
cohesion, and social support for
children.

Jiao et al,19 2020

Shaanxi Province, China (February 2020)

320 parents of children and adolescents,
ages 3–18 y

Younger children (3–6 y) had more
clinginess and fear about safety of
family members from COVID
(compared with older children).
Older children (6–18 y) had more
inattention and “obsessive request of
updates.”
Most common symptoms in entire sample
were clinging, inattention, and
irritability.

Leeb et al,20 2020

United States (January to October, 2019
and 2020)

Examined data from the CDC’s National
Syndromic Surveillance Program
regarding ED visits among children
<18 y

Children had fewer total mental health
ED visits after lockdown, but
percentage of visits that were for
mental health-related sharply
increased in late March and continued
through October.
Percentage of mental health-related visits
in late March through October was
significantly higher than during same
months in 2019.
Ages 5–11 y: 24% increase in percentage.
Ages 12–17 y 31% increase in percentage.

China (February to March 2020)

Liu et al,22 2021

Wuhan and Huangshi, China (February to 1264 children ages 7–12 y and their
March 2020)
parents.

Patrick et al,23 2020

United States (June 2020)

1000 parents with 1 child <18 y
households

14.3% reported worsening in child’s
behavioral health with little difference
in racial, ethnic, income, or education
groups.
Worsening of mental health in parent
and child linked to having younger
children, loss of child care, and
reported increased food insecurity.

Tang et al,24 2021

China (March 2020)

4342 Primary and secondary school
students, ages 6–17 y

Higher reported depression, anxiety, and
stress among senior secondary
students, those who saw quarantine
having more problems vs benefits, and
those whose parents had not discussed
COVID with them.

Grades 5–6 (estimated ages 10–11 y) and In primary school children, concerns
college students (estimated ages 17–
regarding threat to life and health
22y)]
(endorsed by 39.7%) was related to
somatic symptoms and anxiety but not
depression. Overall rates were low,
however.
Higher inattention-hyperactivity and
problems with prosocial behaviors
when children did little or no physical
exercise.
Children in Wuhan at higher risk for peer
problems and overall behavior
difficulties vs Huangshi.

(continued on next page)
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Findings Regarding Child and Adolescent
Mental Health

Author

Country (Data Collection Dates)

Xie et al,3 2020

Wuhan and Huangshi, China (February to 1784 children, Chinese grades 2–6
March 2020)
(approx. ages: 7–12 y)

Rates of anxiety and depression higher
than previous population studies in
China.
Higher depression scores found in
children from Wuhan vs Huangshi,
those who rated themselves as “quite
worried” about being affected by
COVID-19, or those who rated
themselves as “not optimistic about the
epidemic.”

Yeasmin et al,25 2020

Bangladesh (April to May 2020)

384 parents of children ages 5–15 y

Severity of depressive, anxiety, and sleep
symptoms was higher for children in
urban area, who had more
COVID 1 family/neighbors, and whose
parents had higher education, needed
to go to workplace, who smoked, or
were at risk of losing job.

Yue et al,26 2020

China (February 2020)

1360 children and parents; average child Anxiety and PTSD symptoms in children
age 10.56 y (SD 5 1.79)
related to spending more time on
COVID media reports.

Zhou et al,27 2020

China (March 2020)

8079 teens ages 12–18 y

Abbreviations: CDC, Centers for Disease Control and Prevention; ED, emergency department.

Found higher depressive and anxious
symptoms in females, in rural areas,
and in higher grades.
Protective factors included: knowing
more about COVID, taking safety
precautions, and being optimistic
about pandemic

Meade
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continued through October. Additionally, the proportion of mental health-related visits
in late March through October was significantly higher than during same months in
2019. More specifically, the proportion of such visits for ages 5 to 11 demonstrated
a 24% increase from 2019 to 2020 (from 783 per 100,000 visits to 972 per 100,000),
and the proportion of adolescents aged 12 to 17 years presenting for mental healthrelated visits increased 31% (from 3098 per 100,000 emergency department visits
to 4051 per 100,000). These increases may well reflect increased distress among children and adolescents owing to pandemic-related stressors. Additionally, the authors
raised the possibility that these increases are related to the public’s difficulties accessing mental health services in the community.20

Predominant COVID-19–Related Mental Health Concerns by Age

Across studies reviewed, rates of mental health symptoms during COVID-19 have varied by age. Findings here are grouped for younger children, school-aged children, and
adolescents.
Younger children

Studies examining the most significant mental health concerns in younger children (eg,
<7 years of age) during the pandemic have found reports of more clinginess and fear
about safety,19 increased uncooperative and worry behaviors,15 and misbehavior,
boredom, needing attention, and anxiety.14 Young children of hourly service workers
who experienced significant COVID-related stressors displayed increased uncooperative and worry behaviors.15
School-aged children

Children of elementary school age (approximately 7–13 years) have been reported to
display rates of anxiety and depression that are higher than normal during the COVID19 pandemic.3 Rates of significant depressive symptoms in studies of children during
this time have ranged from 2.2%26 to 11.78%.12 Rates of significant anxiety symptoms
have ranged from 1.8%26 to 18.92%12 to 23.87%.13 The rate of PTSD was reported as
3.16%.26 The most problematic behaviors have been reported to be increased inattention and need for reassurance,19 as well as difficulties with academics, misbehavior, anxiety, social isolation, and depression.14
Adolescents

Parents have reported that the most significant behavioral concerns in adolescents
during the pandemic have included depression, anxiety, misbehavior, social isolation,
(poor) attention, and impulsivity.14 Self-report rates of significant anxiety symptoms
have been found to range from 10.4%27 to 29.27%.13 Rates of significant depressive
symptoms have been reported to range from 17.3%27 to 22.28%13 and were found to
be higher in female adolescents compared with males.12,13,27 Several studies indicated that high school seniors (as compared with younger children) demonstrated
the highest ratings for depression,27 anxiety, and stress.24 Mental health-related
emergency department visits were more common in ages 12 to 17 during the postpandemic months (March to October, 2020) with females having the higher proportion of
visits.20 In a community sample of primarily college-aged youth, 39.9% reported
symptoms of an internalizing disorder (eg, depression or anxiety), and 16.9% reported
symptoms of an externalizing disorder (eg, aggression, oppositionality).16 Another
study of college age youth indicated high rates of somatic symptoms (34.85%), particularly when worried about necessities of daily life.21
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Factors Found to Contribute to Mental Health Symptoms

Research on mental health and psychosocial functioning has identified multiple factors that seem to affect rates of mental health symptoms in children and adolescents.
Social isolation

Research has shown that social isolation and loneliness increase the risk of depression and possibly anxiety, with duration of loneliness having the biggest impact on
child mental health.28 The COVID-19 studies reviewed here did indeed link social
isolation to increased depression and anxiety, including children who were unhappy
with home quarantine,24 those whose parents went to work while children stayed at
home,25 and children who had no companion on weekdays.12 Sexual minority youth
may be particularly vulnerable to the mental health effects of social isolation. A study
by Fish and colleagues29 with lesbian, gay, bisexual, transgender, and youth questioning sexual orientation (LGBTQ) youth identified the challenges of youth being homebound with unsupportive families, as well as loss of in-person support and
socialization. Researchers stressed the importance of assisting LGBTQ youth in maintaining social supports and mental health through electronic connections.
Screen time

The use of phones and the Internet have become integral parts of coping with the
COVID-19 pandemic. Although some parents reported successfully using media
entertainment to soothe children during the initial weeks of the pandemic,19 a large
study of children and adolescents linked smartphone and Internet addiction (defined
as excessive use) to increased depression.13
Lack of physical activity

Children engaging in regular physical activity during the pandemic seemed to fare better, demonstrating less hyperactive–inattentive behavior and more prosocial behaviors.22 Conversely, a lack of physical exercise during COVID-19 has been linked to
higher levels of depression and anxiety, and investigators suggest that physical activity may serve as a protective factor.12 Mittal and colleagues30 raised concerns about
significant negative effects of sedentary behavior on children’s mental health, noting
that children’s play is crucial to meet developmental milestones. They emphasized
the importance of alternatives such as zoom to continue physical activity, as well as
community and academic partnerships to ensure that children remain active.
Perceived COVID-19 risk

Child and adolescent mental health has been found to vary directly with perceived
risks of COVID-19. Two studies examined negative effects of living near high rates
of COVID-19 (ie, City of Wuhan compared with other areas in China). Children living
near Wuhan displayed higher levels of depression,3 more peer problems, and overall
behavior difficulties.31 Consistent with this finding, primary school children were found
to have increased somatic symptoms and anxiety when experiencing higher concerns
regarding threats to their life and health.21 Yeasmin and colleagues25 found that children with a greater severity of sleep problems had more COVID-positive family members or neighbors. Fitzpatrick and colleagues14 examined the effects of community
COVID-19 rates and restrictions, finding that number of COVID-19 cases in a family’s
geographic region was significantly associated with child and adolescent internalizing
problems. More leniency in community restrictions was associated with greater child
and adolescent internalizing, as well as externalizing problems, suggesting that children felt safer and had better mental health outcomes when community restrictions
were in place.
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Exposure to COVID-19 information

Some evidence has been found that exposure to COVID-related information can affect
mental health. In a large study 1 month after quarantine, grade school children who
reported spending more time on COVID-19 media reports also reported higher levels
of anxiety and PTSD symptoms. In the same study, the amount of attention paid to
such reports was related to PTSD symptoms only.26 In contrast, a separate study
found that children seemed to benefit from discussions about COVID-19 with parents;
those whose parents did not discuss COVID-19 with them reported higher levels of
depression, anxiety, and stress.24 A large study of adolescents found that those
reporting greater knowledge about COVID-19, more optimism about it, and engaging
in more safety steps reported lower levels of depressive and anxious symptoms.
Parenting stress

It is difficult to separate child and parent well-being from each other. Studies examining parent well-being during the COVID-19 pandemic found that it was directly
related to hardships such as decreases in work, incomes and increased caregiving
burden.15 In a US study of 1000 parents, 26.9% reported worsening of their own
mental health since onset of the pandemic, especially in mothers, unmarried parents,
and families with younger children.23 Such stressors can lead to increased risks of domestic violence and child abuse.32 Studies during COVID-19 have found that parental
depression, job loss, and previous maltreatment predicted higher rates of maltreatment for children ages 4 to 10 years of age.33 A study examining parenting of a wider
range of children (<18 years) found that greater received support and perception of
control resulted in parents being less likely to maltreat.34 Rodriguez and colleagues
noted that the pandemic serves as a perfect storm, given the economic hardships, effects on parental mental health, and the increased time families are spending together
during the COVID-19 restrictions.35 The authors call for investment in primary prevention, rather than a reactive approach, to support and educate families and communities to protect children.
DISCUSSION

Experts have cautioned that the high number of deaths, continued experience of grief
and loss, and exacerbation of current mental health disorders mean that a “second
wave” of mental health consequences from this pandemic is “imminent.”36 Consequently, the need for effective social supports and mental health interventions is
crucial.
Kaslow and colleagues37 proposed a behavioral health response continuum to
“flatten the emotional distress curve,” which was inspired by the Centers for Disease
Control and Prevention’s pandemic intervals framework. Through strategic planning,
behavioral health experts can mobilize and provide large-scale interventions such
as education on coping strategies, social connectedness, and other behavioral health
education. Continued data gathering and research would then help to identify
continued needs and provide information on program effectiveness. Using a public
health model to address the mental health needs of a population is a promising
approach.
Going forward, the need for accessible mental health services for children and families has never been greater. Decreasing financial and insurance barriers to access will
be essential, including continued development of parity for mental health care. The increase in telehealth mental health services in the United States has been dramatic38
and offers one way to expand access to families with distance, safety, or transportation barriers. The disproportionate effect of COVID-19 on communities of Black,
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Latino, and Native American families requires collaborative behavioral health care in
which experts build capacity around the needs of these communities.39
Medical settings are often the front line with regard to identifying mental health
needs. Professionals in these settings will want to assess for depression and anxiety
in children and adolescents during this continued pandemic. Standardized, empirically based mental health screening measures can quickly identify those in need of
further assessment and/or referrals for mental health services. The American Academy of Pediatrics provides recommended screening measures (Mental Health Tools)
within their Mental Health Initiatives website, which can be found here: https://www.
aap.org/en-us/advocacy-and-policy/aap-health-initiatives/Mental-Health/Pages/
Primary-Care-Tools.aspx.40 The site provides information on the measures, as well as
information on obtaining them. Integrating mental health professionals within medical
care can be ideal for assessing and treating overall psychosocial functioning of
patients.
As we approach the 1-year anniversary of COVID-19 pandemic, continued research
will be critical to understand ongoing impacts to child and adolescent mental health.
There is a need for more research within communities disproportionally affected by
COVID-19 such as the Black, Latino, and Native American populations. There is
also a need for further research of COVID-19 impacts on children and adolescents
with disabilities. There is a need to identify effective prevention strategies and treatment interventions.
SUMMARY

Research on the mental health effects of the COVID-19 pandemic on children and adolescents confirms the presence of significant anxiety and depression, as well as increases in these symptoms compared with prepandemic levels. Research reviewed
suggests that teenagers, especially females and high school seniors, may suffer the
most. There is evidence that social isolation and sedentary behaviors contribute to
these mental health problems. Children who feel unsafe with regard to COVID-19
may be more likely to experience somatic symptoms, depression, and anxiety. Exposure to excessive information about COVID without parental communication on the
topic may lead to higher anxiety and PTSD symptoms.
Many parents are experiencing significant economic and personal stress along with
increasing mental health symptoms, especially single parents and parents of young
children. It is clear that parental stress and mental health problems directly affect their
children, and some children may be at increased risk for child maltreatment owing to
pandemic-related stressors and situations.
Increasing access to mental health services for children and families will be vital.
Integrating mental health care into medical settings would be ideal to provide frontline and comprehensive care. Research on the continuing effects of COVID-19 will
be necessary as the situation continues to change, and studies of effective prevention
and treatments strategies are also needed.
CLINICS CARE POINTS

 Professionals are just beginning to understand how the ongoing COVID-19 pandemic has
significantly impacted the lives and mental health of children and adolescents.
 Current research shows children are displaying increased anxiety and depression, and that
social isolation and a lack of physical activity may worsen these factors.

Downloaded for Anonymous User (n/a) at Egyptian Knowledge Bank from ClinicalKey.com by Elsevier on September 19,
2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.

Mental Health Effects of the COVID-19 Pandemic

 Racial minority children and adolescents may be at even greater risk, given the additive
effects of racism on health.
 Health care professionals should screen patients routinely for unmet mental health needs
and provide links to care when indicated. Increasing access to mental health care is crucial.
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KEY POINTS
 COVID-19 in children usually presents with milder symptoms as compared with adults.
 Supportive care alone is appropriate for most children with COVID-19.
 There has been a rapid development of vaccines globally to prevent COVID-19.
 As of June 2021, only Pfizer–BioNTech BNT162b2 mRNA vaccine is approved for emergency authorization use in the pediatric population age 12 years and older.
 A serious hyperinflammatory process after COVID-19 in children known as multisystemic
inflammatory syndrome in children has been described. Its clinical features can overlap
with Kawasaki disease.

INTRODUCTION

There have been reports of severe acute respiratory syndrome coronavirus-2 (SARSCoV-2) infecting children in all age groups; however, children still comprise a small
percentage of the total number of cases of coronavirus disease 2019 (COVID-19).
As low as 2% of 80,900 COVID-19 cases during the case surge in China were pediatric
cases.1 Similarly, a systematic review showed that children accounted for 1% to 5%
of reported COVID-19 cases.2 Interestingly, the proportion of children with COVID-19
seems to be higher in the United States. By the end of 2020, 2,128,587 COVID-19
cases in US children have been reported, and children represented 12% of all reported
cases in the United States. The overall rate was 2828 cases per 100,000 US children.3
The difference in prevalence among different geographic locations could be due to
multiple factors, including the case definition used, access to testing, varied sensitivity
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of the tests used, differences in anatomic respiratory sampling sites, variability in sample collection by personnel, levels of case surge within communities, and other as yet
unknown host and pathogen factors.
CLINICAL MANIFESTATIONS IN CHILDREN
COVID-19 Symptoms in Children Are Milder Compared with Those in Adults

It has been observed since early in the pandemic that children seem to experience
milder symptoms when compared with adults. Correspondingly, in a large case series
of 2135 pediatric patients with COVID-19 in China, 55% of cases were asymptomatic
or had only mild symptoms.4 Only 6% of pediatric cases were classified as severe and
critical cases. This number is fewer compared with the number of severe and critical
cases in the adult population, which was found to be about 18.5%. In a report from the
US Centers for Disease Control and Prevention (CDC), 73% of pediatric COVID-19
cases had symptoms of fever, cough, or shortness of breath compared with 93% of
adults aged 18 to 64 years during the same reporting period, and only 6% of all pediatric cases required hospitalization.5 Thus, the majority of pediatric COVID-19 cases
are either asymptomatic or mild in disease severity.
Theories for the milder symptoms and lower prevalence in children

Multiple theories have been suggested to explain why children may contribute to such
a small percentage of reported COVID-19 cases and why children may have a milder
clinical presentation than adults. In a systematic review and meta-analysis including
32 studies, children and adolescents younger than 20 years had a 44% lower odds
of infection with SARS-CoV-2 compared with adults 20 years and older, and the
finding was most marked in those younger than 10 to 14 years.6
Davies and colleagues7 generated a modeling study to determine the manifestation
of clinical symptoms based on susceptibility of infection in children versus adults.
Their data suggested an “age gradient,” in which the risk for severe disease increases
with advancing age. More specifically, they found that 79% of pediatric patients in the
10- to 19-year-old group are asymptomatic, and that individuals 20 years and older
are 2 times more susceptible to COVID-19 than those younger than 20 years of age.
Several potential causes have been implicated in creating this distribution across
the different age groups. Having more mild symptoms or being asymptomatic may
contribute to reporting bias and account for the low number of reported cases of
COVID-19 in children. Those with less noticeable symptoms are less likely to seek
medical care, and in turn the cases are less likely to be confirmed and reported.
Second, because children get frequent viral upper respiratory tract infections
including coronaviruses that cause common cold, it has also been proposed that infections from other coronaviruses offer some immunity to children, rendering children
less susceptible to infection by SARS-CoV-2. This phenomenon may be due to either
cross-protection from other types of previous coronavirus infections or nonspecific
protection from other respiratory viruses. Coinfection with another virus could also
compete with SARS-CoV-2 and decrease its replication, and thus result in a milder
illness.8
Third, SARS-CoV-2 uses its spike protein to bind with human angiotensinconverting enzyme 2 (ACE-2) receptor for host cell entry.9 In a cohort study of 305 individuals aged 4 to 60 years, ACE-2 gene expression in the nasal epithelium was
lowest in children less than 10 years of age and it increased with advancing age.10
Low ACE-2 expression could limit SARS-CoV-2 entry into host cells. This factor could
lead to a lower risk of infection and a milder clinical presentation in children. Moreover,
the lower prevalence of comorbidities such as diabetes, chronic lung disease, and
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cardiovascular disease in children may contribute to a milder clinical course as
compared with adults.11
Many pediatric COVID-19 cases have been found to be linked to a family member.
In a study with 34 confirmed pediatric cases, 13 (38%) patients were found to have an
exposure to COVID-19 from a family member.12 It has been suggested that if an adult
transmits SARS-CoV-2 to a child, the infection would be caused by a second or third
generation of virus, and the infection may be milder owing to decreased pathogenicity.
A retrospective review analyzed the data collected from 9 children and their 14 adult
family members.13 It was found that 3 children had symptoms of fever or cough, and 6
were asymptomatic. Four children (44%) had abnormal chest radiograph findings,
whereas 71% of the adults had abnormal radiograph studies. Thus, this concept of
family clusters may also explain why pediatric patients have a milder presentation.8,11

Clinical Manifestations

The most common symptoms in children include fever, upper respiratory symptoms,
and gastrointestinal symptoms. Because SARS-CoV-2 attaches to human cells via
ACE-2 receptors, the expression of ACE-2 receptors on epithelial cells in the lung
and the intestines may account for the manifestations of respiratory and gastrointestinal symptoms, respectively.8
In a review of 333 pediatric patients, the most common symptoms included cough
with a prevalence of 48%, fever (42%), and sore throat (42%). Moreover, 35% of cases
were reported to be asymptomatic.11 Similarly, in a study in Wuhan, China, that examined 171 children with confirmed COVID-19, 49% of children had cough, 42% had fever, and 46% had pharyngitis.2 Other symptoms that have been reported include
rhinorrhea, nasal congestion, myalgia, fatigue, shortness of breath, dyspnea, abdominal pain, diarrhea, vomiting, nausea, headache, dizziness, decreased oral intake, and
rash. Fig. 1 provides a compilation of clinical symptom data from 3 review articles that
altogether include 26 studies for a total of 1793 children with COVID-19.1,11,14 Fever

Fig. 1. Summary of clinical manifestations in reported pediatric patients with COVID-19.
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and cough were by far the most prevalent symptoms (see Fig. 1). Recovery occurred
within 1 to 2 weeks after the onset of symptoms.8
In adults, anosmia and ageusia have been reported in COVID-19 cases. These
symptoms have been reported less frequently in children. Coronaviruses as a family
of viruses invade the olfactory bulb, leading to loss of smell. Parisi and colleagues15
emphasizes the importance of further evaluation in pediatric patients with COVID-19
complaining of loss of smell. Nasal endoscopy and smell tests, such as the Pediatric
Smell Wheel, can be used to help identify the degree of olfactory loss.15
Severe and Critical Disease in Children

Although most children with COVID-19 are mildly symptomatic or asymptomatic,
there have been reported cases of severe infection and even death, albeit few. Reported symptoms of severe and critical disease include hypoxia defined as an oxygen
saturation of less than 92%, acute respiratory distress syndrome, shock, and various
organ failure such as encephalopathy, heart failure, abnormal coagulation, and acute
kidney injury.4 According to a review by Zimmerman and colleagues, 9 (3%) of 333
children required admission to pediatric intensive care units, and two of these children
had preexisting conditions, namely, leukemia and hydronephrosis.11
The adult and elderly population have experienced more COVID-19–related
deaths than the pediatric population.1 The presence of comorbidities such as cancer, diabetes, cardiovascular disease, chronic lung disease, and a weaker immune
system has been implicated in the greater prevalence of deaths in adults. One study
of 44,672 COVID-19 cases found that 26% had comorbidities.2 Additionally, there
were 965 deaths, and only one of these deaths was a pediatric patient. No information was provided on the 14-year-old boy in this study. By March 2020, this case was
1 of the 2 deaths reported in children with COVID-19. The other child was a 10month-old girl with intussusception, encephalopathy, septic shock, and multiorgan
failure.2,11
In a review of 29 studies with 4300 children included, 19% were asymptomatic and
37% had no radiographic abnormalities.16 A small proportion of 0.1% required admission to intensive care units and 4 deaths were reported. Among 208 hospitalized children with complete medical chart reviews by the US COVID-19-Associated
Hospitalization Surveillance Network, 33% were admitted to an intensive care unit,
6% required invasive mechanical ventilation, and 1 child (0.5%) died.17 The comorbid
conditions included obesity (38%), chronic lung disease (18%), and prematurity
(15%). Overall, children with COVID-19 have a good prognosis. However, a serious
postinfectious hyperinflammatory process known as multisystemic inflammatory syndrome in children has been described. See details in Chapter 5 in this issue.
COVID-19 Symptoms in Newborns and Infants

COVID-19 in neonates has also been reported. In China, between early December
2019 and February 2020, 9 infants (1–11 months of age) were hospitalized. Four
had fever, 2 had mild upper respiratory tract infections, 1 was asymptomatic, and
there was no information on 2 infants.18 Another review reported 3 neonatal cases.2
One had fever and cough, one had rhinorrhea and vomiting, and the third had respiratory distress. Neonatal complications from COVID-19–infected mothers have been
reported as well. In 67 neonates born to 65 mothers who had COVID-19 during pregnancy, 12 had respiratory distress or pneumonia (18%), 9 were born with low birth
weight (13%), 2 developed a rash (3%), 2 developed disseminated intravascular coagulation (3%), 1 had asphyxia (2%), and 2 died (3%).11
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Inverse Relationship between Severity and Age in Pediatrics

Even though severity of COVID-19 seems to increase with advancing age in the general population overall, severity in the pediatric population seems inversely related to
age, as depicted by the study performed by Dong and colleagues.4 Infants were the
most susceptible to severe illness, with 10.6% of infants less than 1 year of age presenting with severe or critical disease. A decreasing frequency of severity with
advancing age was demonstrated, with severe illness being reported in 7.3% in the
1- to 5-year-old group, 4.2% in the 6- to 10-year-old group, 4.1% in the 11- to 15year-old group, and 3.0% in the 16 or older group. In the United States, infants less
than 1 year old accounted for the highest percentage (estimated range, 15%–62%)
of hospitalizations among pediatric patients with COVID-19.5
PHARMACOLOGIC INTERVENTIONS, INCLUDING VACCINE TRIALS
Pharmacologic Interventions
Antivirals
Remdesivir. The antiviral that has perhaps received the most attention is remdesivir.

Remdesivir has a broad spectrum antiviral activity that was first developed to treat
hepatitis C and respiratory syncytial virus and subsequently repurposed to treat the
Ebola virus.19 SARS-CoV-2 is part of the Coronaviridae family characterized by positive sense single-stranded RNA that requires the function of an RNA-dependent
RNA polymerase for replication. Remdesivir is a nucleoside analog capable of inhibiting the RNA polymerase via chain termination and has demonstrated in vitro activity
against SARS-CoV-1 and Middle Eastern respiratory syndrome coronavirus.20–22
The efficacy of remdesivir in treating adults with lower respiratory tract infection
with COVID-19 was assessed in a double-blinded placebo-controlled trial with the primary outcome being time to recovery. The results demonstrated that a 10-day course
of remdesivir resulted in a shorter time to recovery with a median of 10 days versus
15 days with placebo. Despite the shorter recovery, the study did not demonstrate
a reduction in mortality.23 At present, a phase II/III study evaluating safety, tolerability,
pharmacokinetics, and efficacy of remdesivir in the pediatric population is ongoing.
Despite the lack of clinical trial data, there have been reported cases of its use in children.24,25 The most recent guidelines regarding antiviral therapy in children has been
set forth by a panel of pediatric infectious disease physicians and pharmacists in the
United States. Their suggestion is that supportive care alone is appropriate for most
cases given the mild course of COVID-19 in children in general. For children with severe or critical illness, as defined by the need for supplemental oxygen, noninvasive or
invasive mechanical ventilation, or extracorporeal membrane oxygenation, remdesivir
should be considered. A treatment duration of 5 days is appropriate for most children.26 Although approved for use in children with COVID-19 by the US Food and
Drug Administration (FDA) through an Emergency Use Authorization (EUA), the safety
and efficacy of remdesivir have not been evaluated fully in pediatric patients aged less
than 12 years or weighing less than 40 kg. Other medications including chloroquine,
hydroxychloroquine, azithromycin, or lopinavir/ritonavir are not recommended for
the treatment of COVID-19.27
Corticosteroids

The use of corticosteroids for COVID-19 is based primarily on the results of the multicenter, randomized, open-label RECOVERY trial.28 Mortality at 28 days was lower
among adult patients on invasive mechanical ventilation who received up to
10 days of dexamethasone 6 mg once daily (29.3%) than among those who received
the standard of care (41.4%). This benefit was also observed in patients who required
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supplemental oxygen. No mortality benefit was seen in those who required no supplemental oxygen. According to the National Institutes of Health guidelines, if dexamethasone is not available, alternatives such as prednisone, methylprednisolone, or
hydrocortisone can be used.27 The safety and effectiveness of dexamethasone or
other corticosteroids for COVID-19 treatment have not been sufficiently evaluated in
children. However, dexamethasone may be beneficial in children who require mechanical ventilation. The use of dexamethasone for those who require supplemental
oxygen support should be considered on a case-by-case basis.
Monoclonal antibodies
Bamlanivimab (LY-CoV555). Bamlanivimab is an antispike neutralizing monoclonal

antibody that was discovered from the convalescent plasma of a patient with
COVID-19. This antibody was shown to bind the receptor-binding domain of the
trimeric spike protein in both its up (active) or down (resting) state. This finding generated interest because the up state has been shown to be required for ACE-2 binding
and viral fusion for cell entry. In a study in nonhuman primates, the administration of
this antibody in rhesus monkeys decreased SARS-CoV-2 replication in both the upper
and lower respiratory tracts.29 In the outpatient setting, the administration of bamlanivimab to adults with mild to moderate COVID-19 was shown to decrease the viral load
from baseline compared with placebo and to decrease hospitalizations or emergency
department visits.30 Unfortunately, the administration of bamlanivimab among hospitalized adults did not result in a decrease in the clinical severity or in the time to recovery compared with placebo.31 At this time, there are no published data on the efficacy
of bamlanivimab in children; however, the BLAZE-1 trial (NCT04427501) is currently
planned to assess the efficacy of bamlanivimab in children greater than 12 years of
age with high-risk medical conditions. Despite the lack of published data in persons
less than 18 years of age, the FDA issued an EUA in November 2020 granting the
use of bamlanivimab for both adults and high-risk children older than 12 years of
age who have mild to moderate COVID-19 and who are at high risk of progression
to severe COVID-19 and/or hospitalization.
REGN-COV2 (casirivimab and imdevimab). The REGN-COV2 cocktail is composed of 2
fully humanized antibodies that were generated from genetically humanized immune
systems of mice. The pair of monoclonal antibodies known as casirivimab and imdevimab bind noncompetitively to the receptor-binding domain of the SARS-CoV-2 spike
protein.32 The idea behind using pairs rather than a single antibody is to help decrease
the emergence of escape mutations and in fact REGN-COV2 cocktail was shown to
prevent the emergence of spike protein mutants in vitro.33 In rhesus macaques, the
use of the REG-COV2 cocktail was shown to successfully prevent and treat SARSCoV2 infection.34 The results of the phase III randomized double-blinded placebocontrolled trial demonstrated that the use of the antibody cocktail in nonhospitalized
persons greater than 18 years of age with COVID-19 produced a modest decrease in
SARS-CoV-2 viral load levels from baseline as compared with placebo at day 7 of infection.35 This effect was observed among those who had a high baseline viral load. Secondary end points such as hospitalization or emergency room visits were similar
between the placebo group and the antibody treated groups. On November 21,
2020, the FDA issued an EUA for casiravimab and imdevimab to be used together in
the treatment of mild to moderate COVID-19 in both ambulatory adults and pediatric patients older than 12 years of age who are at high risk for a poor outcome.27
Currently, there is no evidence for the safety and efficacy of monoclonal antibody
therapy for treatment of COVID-19 in children or adolescents. Moreover, there is
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evidence for potential harm associated with monoclonal antibody infusion reactions or
anaphylaxis. As of December 2020, the pediatric expert panel suggested against the
routine administration of monoclonal antibody therapy (bamlanivimab, or casirivimab
and imdevimab) for the treatment of COVID-19 in children or adolescents, including
those designated by the FDA as being at high risk of progression to hospitalization
or severe disease.36
Convalescent plasma

Convalescent plasma has been used for centuries to treat infectious diseases; however, to date the use of convalescent plasma has only been shown to be of clear value in
the treatment of Argentine hemorrhagic fever.37 There are reported cases (n 5 4) of
improvement after convalescent plasma use in children with severe COVID-19.38
However, to date no clinical studies have systematically evaluated the efficacy of
convalescent plasma in pediatrics. In a placebo-controlled trial in adults with severe
COVID-19 with evidence of radiologically confirmed pneumonia and signs of respiratory distress, the use of convalescent plasma did not improve the clinical outcome at
7, 14, or 30 days when compared with placebo, nor did it decrease mortality (11.0% in
convalescent plasma group vs 11.4% in placebo).39 Of note, there was no statistically
significant difference in transfusion-related adverse events between the convalescent
plasma and the placebo group.
SARS-CoV-2 vaccines

The emergence of SARS-CoV-2 has prompted international efforts to develop effective vaccines at an unprecedented rate. As of January 2021, just 11 months after
the announcement of the COVID-19 pandemic by the World Health Organization, 64
vaccines are under clinical evaluation and 173 in preclinical evaluation.40 The United
States has directed more than $10 billion to help streamline the production and distribution of promising antivirals and vaccines in a strategy known as Operation Warp
Speed. This operation is a large-scale collaboration between the Department of
Health and Human Services, the CDC, the US National Institutes of Health, and the
Biomedical Advanced Research and Development Authority along with the
Department of Defense.41 Table 1 lists the 6 vaccines whose data have shown promise against COVID-19 as of January 2021.
To better appreciate the latest development of COVID-19 vaccines, a brief discussion on messenger RNA (mRNA)-based vaccines is merited, especially because 2 of
the 6 vaccines to be discussed elsewhere in this article use this new mRNA-based
vaccine technology. Although the technology has been around since the 1990s,42
its use in the development of vaccines has largely been hindered by its poor stability,
unpredictable immune response, and inefficient delivery methods when used in vivo.
As a result, vaccine approaches have largely relied on traditional methods using subunits, live attenuated, or inactivated pathogens. In the past decade, however, major
advancements through the use of modified nucleosides, synthetic cap analogues,
the incorporation of regulatory genetic elements, and purification techniques have
resulted in an increased stability of mRNA and improved control over its immunogenicity. Furthermore, the use of lipid nanoparticle technology has greatly enhanced
the delivery of mRNA into target cells. In 2017, the first successful use of an mRNAbased vaccine was shown to protect mice against Zika virus.43 Since then, multiple
clinical trials have been initiated to test the efficacy of mRNA-based vaccines against
rabies and influenza in humans.44,45 A review on the latest advancements of mRNAbased vaccine technology is well beyond the scope of this article, but has been excellently reviewed elsewhere.46 In summary, mRNA-based vaccines have been touted to
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Table 1
Current SARS-CoV-2 vaccines (as of January 11, 2021)
Company

Vaccine

Key Component

Series

Pfizer–BioNTech

BNT162b2

mRNA lipid particle encoding
SARS-CoV-2 S-P2 spike protein

2 doses 21 d apart 95%

Storage between

Moderna

mRNA-1273

mRNA lipid particle encoding
SARS-CoV-2 S-P2 spike protein

2 doses 28 d apart 94.1%

Short-term storage: 2  C–8  C.
Long-term storage: 20  C

2 doses 28 d apart 70.4%

Storage between 2  C and 8  C

Oxford–AstraZeneca ChAdOx1 nCov-19 Replication-deficient chimpanzee adenovirus
vector expressing SARS-CoV2 Spike gene
Janssen

Ad26.COV2.S

Replication-deficient adenovirus vector serotype Single dose vs
26 encoding full length stabilized
double dose
SARS-CoV2 spike protein
being studied

Novavax

NVX-CoV2373

Purified recombinant SARS-CoV-2 spike
glycoprotein and Matrix-M1 adjuvant.

Efficacy Storage
80  C to

60  C

Pending Short-term storage: 2  C–8  C.
Long-term storage: 20  C

2 doses, 21 d apart Pending Storage between 2  C and 8  C
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have superiority over traditional vaccines via their improved safety profile, efficacy at
delivery, and relatively rapid and low-cost production. However, the need for costly
laboratory-grade freezers for storage could hinder the widespread use of mRNAbased vaccines in real-world settings.
Pfizer–BioNTech BNT162b2 mRNA vaccine. The Pfizer–BioNTech vaccine consists of a
nucleoside-modified mRNA molecule enveloped within a lipoprotein nanoparticle that
encodes the SARS-CoV-2 spike protein in a prefusion state. The phase I/II trials were
conducted in Germany and the United States and initially involved testing 2 vaccine
candidates (BNT162b1 and BNT162b2) for safety and immunogenicity. The molecular
difference between these vaccine candidates is that the BNT162b1 mRNA encodes a
soluble trimerized SARS-CoV-2 receptor-binding domain protein, whereas the
BNT162b2 mRNA encodes a full-length membrane-anchored SARS-CoV-2 spike protein in a prefusion conformation. The phase I/II trial in the United States involved
healthy adults 18 to 55 and 65 to 85 years of age. The administration of a primer
dose and a booster dose spaced apart by 21 days demonstrated equally robust
IgG responses against the S1-binding domain of the spike protein in both vaccine candidates and in all age groups.47 Furthermore, the immunogenicity was greatly
enhanced after the booster dose. One notable difference between BNT162b1 and
BNT162b2 was that the latter was associated with a lower incidence of severe systemic reactions such as fever, fatigue, and chills in adults older than 65 years of
age. It is worth mentioning that no participants reported a fever of greater than 40

C or systemic events requiring emergency department visit or hospitalization. Meanwhile the phase I/II trial in Germany demonstrated that the vaccine elicited a strong
humoral and cell-mediated immune response as demonstrated by the activation of
CD41 and CD81 T cells and release of immune-modulatory cytokines such as
interferon-gamma, suggesting that the vaccine not only elicited an antibody response,
but also an appropriate T-helper type-1 T-cell mediated response.48 Owing to the
preferred safety profile of BNT162b2, it went on to phase III clinical trials. This is a
double-blinded randomized trial of 43,448 persons ages 16 years or older who either
received a 2-dose placebo or a 2-dose 30 mg BNT162b2 vaccine spaced apart by
21 days.49 The results demonstrated a 95% efficacy at preventing symptomatic
COVID-19. The adverse effects included short-term, mild-to-moderate pain at the injection site along with systemic signs of fatigue, fever, and headache. The incidence of
serious adverse events was low and was similar to placebo. The vaccine received FDA
EUA for persons ages 16 years and older on December 11, 2020 and subsequently on
May 10, 2021 for persons ages 12 years and older. Since the rollout of Pfizer–
BioNTech vaccine, there have been 21 reported cases of anaphylaxis among the
1,893,360 first doses (ie, 11.1 cases per million doses given).50 At the time of this
writing according to the CDC, a history of immediate or severe allergic reactions after
either mRNA-based COVID-19 vaccine or its components is a contraindication to
vaccination with either Pfizer–BioNTech or Moderna COVID-19 vaccine.51 A history
of any immediate allergic reaction to any other vaccine or injectable therapy not
related to a component of mRNA COVID-19 vaccines or polysorbate is a precaution
but not a contraindication to vaccination.
Moderna mRNA-1273 vaccine. Moderna mRNA-based vaccine also known as mRNA1273 is composed of a nucleoside-modified mRNA molecule encapsulated within a
lipoprotein nanoparticle. The mRNA encodes an anchored transmembrane SARSCoV-2 S-2P spike protein. The mRNA has been modified such that 2 consecutive prolines are inserted at positions 986 and 987 during translation of the S-2P mRNA. This
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change maintains the trimeric spike protein in a prefusion state also known as the
down or inactive state. To place this in context, viral cell entry via fusion requires
that the spike protein to be in the up or active state to facilitate binding to human
ACE-2 receptor.52 This phase I trial involved healthy participants more than 18 years
of age being randomized to receive 2 doses of either placebo, 25 mg mRNA-1723 vaccine, or 100 mg mRNA-1723 vaccine given 28 days apart. Both doses of the vaccines
elicited robust antispike antibody response in a dose-dependent manner. The level of
binding and neutralizing antibody titers generated were greater than antibody titers
observed from convalescent serum of patients recovered from COVID-19 and the titers remained elevated at 119 days after the first dose of the vaccine.53 In addition
to eliciting a strong humoral response, the 100 mg dose was shown to preferentially
stimulate T-helper type-1 CD41 cells over T-helper type-2 CD41 cells, suggesting
that the vaccine not only induced a humoral immune response, but also stimulated
cell-mediated immunity. Last, the results from the phase I study demonstrated that
the most common adverse events consisted of headache, fatigue, myalgia, chills,
and pain at the injection site, all of which were reported to be mild to moderate with
the majority resolving within 1 day.54,55 The Moderna mRNA-1273 vaccine entered
phase III trials in July 2020. This is a double-blinded study with more than 30,000 participants 18 years of age or older being randomized to receive 2 doses of either placebo or 100 mg mRNA-1273 vaccine given 28 days apart.56 The vaccine showed
94.1% efficacy at preventing COVID-19 illness including severe COVID-19 disease.
Aside from transient local and systemic reactions, no safety concerns were identified.57 The vaccine received FDA EUA for persons ages 18 years and older on
December 18, 2020.
Oxford–AstraZeneca ChAdOx1 nCov-19 vaccine. Unlike Pfizer’s and Moderna’s
mRNA-based vaccines, the University of Oxford–AstraZeneca vaccine known as ChAdOx1 nCov-19 (AZD1222) uses a replication-deficient adenovirus vector to express
the SARS-CoV-2 trimeric spike protein. The adenovirus, which causes the common
cold in chimpanzees, is modified so as to not replicate in humans. An interim analysis
of the randomized controlled trials in the United Kingdom and Brazil demonstrated a
vaccine efficacy of 62.1% among participants who received 2 standard doses and
90.0% among participants who received a half dose followed by a standard dose.
The overall vaccine efficacy across both groups was 70.4%.58 Although the overall efficacy was not as high as the mRNA-based vaccines, this vaccine has some advantages, namely, the low cost per dose and no requirement for ultralow temperature
storage.59 These factors makes it attractive for resource-limited settings. It is important to keep in mind that the US FDA and World Health Organization require a vaccine
to be at least 50% efficacy for licensure. This vaccine has been authorized for emergency use for persons 18 years and older in the United Kingdom on December 30,
2020.
Janssen Ad26.COV2.S (JNJ-78436725). Similar to the Oxford–AstraZeneca vaccine, the
Janssen Ad26.COV2.S vaccine is built on a replication-deficient adenovirus serotype
26 vector that has been modified so as to not replicate in humans. The adenovirus vector was used by Janssen during the design of Ebola virus vaccine. Like the previous
vaccines discussed, the adenovirus vector encodes a prefusion stabilized spike protein that is membrane bound and contains a mutation at the furin cleavage site along
with 2 protein stabilizing mutations at positions 986 and 987. The basis behind the prefusion conformation is 2-fold. First, the prefusion state facilitated the initial crystallography of this highly glycosylated spike protein,60 Second, the prefusion conformation
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has been shown to illicit the highest binding and neutralizing antibody titers when
compared with other spike protein variants.61 The preclinical findings demonstrated
that the Ad26.COV2.S vaccine is capable of inducing a humoral immune response
in rhesus macaques and that the immunogenicity provided protection when animals
were challenged with SARS-CoV-2.62 One potential benefit of this vaccine is that it
could induce immunogenicity (ie, neutralizing antibodies) after a single dose up to
day 71 after vaccination as observed in the phase I/IIa trials.63 This feature would
be a benefit over the 2-dose vaccine regimen, particularly in the real-world setting.
At the time of this writing, it has entered a phase III (ENSEMBLE) study.
Novavax NVX-CoV2373. Unlike the previous vaccines discussed thus far, the Novavax
NVX-CoV2373 vaccine contains purified recombinant full-length trimeric SARS-CoV-2
spike proteins. The recombinant spike protein is modified such that it is resistant to
proteolytic cleavage and stabilized to maintain the prefusion conformation. In addition,
the vaccine also contains a patented saponin-based Matrix-M adjuvant that enhances
immune response and thereby produces high levels of neutralizing antibodies. In a
phase I/II study in healthy persons 18 to 59 years of age, the 2-dose 5-mg adjuvanted
regimen induced geometric mean antispike IgG antibody and neutralization responses
that were greater than those observed in convalescent serum of COVID-19 patients.64
Reactogenicity was absent or mild. At the time of this writing, it is undergoing phase III
trials in the United Kingdom, Mexico, and the United States.
Sanofi–GlaxoSmithKline COVID-19 vaccine. This is an adjuvanted recombinant
protein-based vaccine. The phase I/II study involved adults ages 18 to 49 years of
age. The vaccine demonstrated immune responses comparable to those who had
recovered from COVID-19.65 Unfortunately, there was a lower immune response
observed among those older than 50 years of age. A phase IIb study using an
amended formulation is planned for early 2021.
VACCINE CONSIDERATIONS

At the time of this writing, there are currently 64 COVID-19 vaccines in clinical trials
and 173 in preclinical development40; thus, it is important we do not overlook the usefulness of other upcoming vaccines. This process is ever more important because scientists have discovered the presence of SARS-CoV-2 mutated variants in the United
Kingdom, Brazil, and South Africa that have a potential to spread rapidly.66–68 Published data are lacking on whether immunogenicity from current vaccines can prevent
infections by these variants. Our armamentarium against variant strains may rely on
the swift identification of new mutations and the rapid development of diverse vaccine
candidates.
It is also critical to point out that the clinical trials have not focused specifically on
children thus far. It is imperative that we do not delay the development of vaccines
for this population. Although children are less likely to suffer from severe COVID-19,
children particularly those 10 years of age and older could readily spread COVID-19
as effectively as adults. Furthermore, approximately 12% of all COVID-19 cases are
seen in children and some have succumbed to a severe disease.3 In addition, children
have been greatly affected by the pandemic, with large disruptions to in-person
school, limited peer interactions, and decreased access to activities that helps to
develop their physical and emotional well-being. Thus, the development of COVID19 vaccines must not only target the adult population, but also the pediatric population. It is encouraging that at the time of this writing, Pfizer has enrolled children to
the age of 6 months and its EUA for vaccine indications down to the age of 12 years
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was approved. Moderna is initiating a similar study, as is Janssen. AstraZeneca vaccine has an approval to enroll children ages 5 to 12 years in the United Kingdom.
SUMMARY

The COVID-19 pandemic has significantly impacted a large number of children worldwide. Although most children present with no or mild symptoms from COVID-19, more
data are needed regarding its long-term effects in children. Antivirals and immunebased therapies may play a role in management of those with severe diseases; however, such interventions have not been evaluated fully in pediatric patients to date. The
development of vaccines is rapidly evolving, and several vaccine candidates are being
assessed in the pediatric population.
CLINICS CARE POINTS

 COVID-19 in children is usually mild, and COVID-19–related deaths in the pediatric
population are extremely rare.
 Cases in children have been linked to having a family member with COVID-19.
 Severity in the pediatric population seems to be related inversely with age, with infants
being most susceptible to severe COVID-19.
 Supportive care alone is sufficient for most children and antiviral remdesivir may be
appropriate for those with severe or critical illness.
 Several vaccine candidates are being evaluated in pediatrics. At this time, only the Pfizer–
BioNTech mRNA vaccine is approved for emergency authorization use in the pediatric
population ages 12 years and older.
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 The impact of the COVID-19 pandemic on adolescent substance use is not clear, because
emerging studies have yielded inconsistent results.
 The COVID-19 pandemic has significantly disrupted daily life for adolescents, leading to
increased stress, social isolation, boredom, anxiety, and depression, all of which are
risk factors for adolescent substance use.
 Stay-at-home and social distancing orders might create unexpected benefits for reducing
adolescent use.
 The full impact of partial clinic closures on substance abuse treatment for adolescents is
currently unknown. Special considerations should be taken by clinicians working remotely
with adolescents.
 Although substance abuse treatment may be affected by clinic shutdowns, health care
workers may use adolescents’ lack of access to substances as a means for setting substance cessation goals.

Adolescence is a critical period for social and emotional development. Important tasks
during this time include fashioning a social identity, developing a degree of emotional
and personal independence from parents and caregivers, and moving toward self-reliance.1 The coronavirus disease 2019 (COVID-19) pandemic has caused tremendous
upheaval and disruption of this process. Since March 2020, most teens have been unable to go to school in person, interact with peers, or engage in sports and extracurricular activities. Traditional milestone events like prom, graduation, and going away to
college have been missed. Many teens have had to take on childcare duties, such as
caring for younger siblings while their parents work. Remote schooling requires hours
of screen time and remaining engaged and motivated can be difficult. Sheltering in
place is a drastic shift for adolescents who are accustomed to spending much of their
time with peers, teachers, coaches, and others. The loss of routine and few
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opportunities to take healthy risks or to express developmentally appropriate independence may be slowing the individuation process that is a critical part of adolescence.2
It is unsurprising that pandemic-related isolation, uncertainty, and fear are leading to
increased depression, anxiety, stress, and boredom and it is possible that a new
cohort of adolescents may be at heightened risk for developing substance use
disorders.3,4
SUBSTANCE USE PREVALENCE BEFORE THE COVID-19 PANDEMIC

Experimentation with alcohol and drugs often begins during adolescence,5 and in nonpandemic times alcohol and drug use by adolescents are quite common. The Monitoring the Future (MTF) survey, administered annually to middle and high school
students across the United States, asks about substance use and attitudes toward
various drugs. According to results from the 2019 MTF survey by the time teens
reached their senior year of high school more than 50% reported alcohol use, more
than 40% had vaped, and about 36% had used cannabis in the past year. The use
of other substances was fairly low. Table 1 shows the percentage of twelfth graders
reporting past year use of various substances in 2020 compared with 2019.6
From 2019 to 2020, there were nonsignificant increases in alcohol, LSD, over-thecounter cold and cough medications, and heroin use.7 However, it is not clear whether
these changes are related to the COVID-19 pandemic, because annual surveys on substance use also have been impacted by the pandemic. For example, the MTF generally is
administered from February through May, with results released later in the year. Because
of the pandemic, schools closed in-person operations in mid-March 2020 and only onequarter of the usual sample had completed the survey.8 These 2020 data are considered
nationally representative, however, and indicate that the rates of vaping of both nicotine
and marijuana had leveled off somewhat compared with the alarming increases in previous years. The use of drugs like cocaine, MDMA, and heroin remained relatively low
among twelfth graders. Whether these trends will continue throughout the pandemic
will not be known until this year’s MTF survey data are available in late 2021.
The National Survey on Drug Use and Health (NSDUH) is another major national survey that provides data on the use of alcohol, tobacco products, and illicit drugs. According to results of the 2019 survey, 13.2% of adolescents (12–17 years of age)
Table 1
Past-year prevalence rates of various substances reported by twelfth graders in the 2019 and
2020 MTF surveys

Substance

2019

2020

2019–
2020
Change

Alcohol

52.1

55.3

D3.2

Vaping

40.6

39.0

1.6

Cannabis

35.7

35.2

0.5

Any prescription drug

8.6

7.6

1.1

LSD

3.6

3.9

D0.3

Over-the-counter cold or
cough medicine

2.5

3.2

D0.7

Cocaine

2.2

2.9

D0.7

MDMA

2.2

1.8

0.4

Heroin

0.4

0.3

0.1
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reported cannabis use in the past year, and 9.4% reported past year alcohol use.9 Of
note, 1.4 million teens initiated cannabis use in 2019, which equates to 3700 teens a
day starting cannabis use. The overall use rates differ between the MTF and NSDUH
surveys owing to differing methodologies, different age groupings (ie, the NSDUH
groups 12- to 17-year-olds together and puts 18-year-olds, who generally have high
rates of use, in an 18- to 25-year-old group, whereas the MTF groups by grade level).
In addition, the NSDUH interviews are conducted in homes, where a lack of privacy
might result in adolescents underreporting their drug use.10 The NSDUH 2020 results
will not be available until fall 2021.
EFFECTS OF THE COVID-19 PANDEMIC ON ADOLESCENT SUBSTANCE USE

Although data are lacking, it seems that adult substance use has increased in
response to the stress and isolation associated with months of lockdown and social
distancing.8 This point may be true for adolescents, as well; data from the Centers
for Disease Control and Prevention indicated that 10% of individuals aged 18 to 24
in their sample of 5412 online survey respondents increased their substance use in
the past month (the survey was completed during June 2020), with the greatest increases observed at the younger ages within the cohort.11 However, this study did
not include teens under the age of 18 years. The only studies published to date that
specifically examined the effects of the pandemic on substance use in younger adolescents include online surveys conducted in Canada and an online survey on vaping
from Stanford University.12–14 The results of these studies indicate that the impact of
the pandemic on adolescent substance is far from clear.
An online survey was administered to 1054 Canadian teens (aged 14–18 years) who
provided information about their alcohol, cannabis, and vape use in the 3 weeks
before and 3 weeks after the start of the COVID-19 stay-at-home orders. The results
indicated that, overall, fewer teens reported binge drinking, vaping, or using cannabis
after COVID compared with before COVID, and alcohol use was unchanged. However,
among teens who did use substances, the mean number of days they used alcohol
(0.76–0.96 days) and cannabis (0.94–1.1 days) were significantly greater after COVID
compared with before COVID.12
Interestingly, use patterns changed after COVID as well. Substance use by these respondents was most often solitary (49%), followed by with parents (42%), with friends
via technology (32%), and face-to-face with peers (24%). Given that adolescent substance use is a highly social behavior, the proportion of teens who reported solitary
substance use rather than virtual or face to face with friends is fairly unexpected. Solitary use was associated both with increased fears about COVID-19 and depressive
symptomatology. The authors posited that teens who tend to use substances to
cope with negative affect may increase their use in response to pandemic-related
stress and isolation.12 This finding is in contrast with previous reports that teens are
less likely to use drugs to cope with stress and less likely to use them alone.15,16
This change in use patterns is particularly concerning, because solitary teen substance use has been linked with poorer mental health,17
Similarly, the rather large percentage of teens who reported using alcohol with their
parents is surprising and distressing, particularly because 26% of them reported binge
drinking with their parents. Through this behavior, parents not only are communicating
approval of alcohol use by their teens, which is a known risk factor for risky substance
use,18 but they also are presumably providing alcohol to their teens. Although teens
tend to use alcohol moderately when using with their parents, they are also more likely
to engage in higher risk drinking outside of the home.18,19
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Conversely, it is not surprising that teens would use substances with peers via video
chat or post photos on social media of themselves engaged in substance use,
because these behaviors offer a means of feeling more connected during social
distancing. Finally, and somewhat alarmingly, 24% of teens reported using substances face to face with peers, apparently not adhering to emergency stay-athome orders. It is not clear from the study whether parents were aware of or permitting
social interaction with peers. It may be that adolescents do not consider themselves to
be at high risk for developing severe coronavirus symptoms and were more willing to
take chances with their health. Although this study was conducted very early in the
pandemic and patterns of use may not have been established, results provide preliminary information on COVID-19–related substance use trends.
Other studies have demonstrated decreased substance use during the pandemic.
Some evidence suggests that decreased commercial availability and access to
vape products may have decreased rates of vaping.20 A survey on self-reported vaping habits was conducted in May 2020, 2 months after stay-at-home orders were issued. Data from 2167 e-cigarette users aged 13 to 24 years indicated that 67% of the
1442 participants who were 21 years and younger reported quitting or decreasing their
use of vaping products in the 2 months since the pandemic started. Among reasons
given for this change included concerns about lung function, an inability to purchase
products, and worry about parents finding out. Because adolescents typically report
obtaining e-cigarettes from friends or brick-and-mortar retail stores and not online,
stay-at-home orders that closed vape shops and decreased social contact prevented
many teens from obtaining vape products from stores or friends, resulting in
decreased rates of vaping.21
Social distancing was offered as an explanation for the decrease in substance use
during the first 2 weeks after closure of nonessential services in Canada, according to
data collected using an online survey of 622 youth and young adults in established
clinical and community settings.13 Unfortunately, no information was provided on
the types of the substances used or the frequency or quantity of use, and the findings
were not reported by age groups.
ADDITIONAL COVID-19–RELATED FACTORS LIKELY TO IMPACT ADOLESCENT
SUBSTANCE USE

Until it is possible to fully characterize the effects of the pandemic on adolescent substance use patterns, we can look to well-known risk and protective factors for substance use to anticipate potential use and plan for current and future treatment
needs, even in these exceptional circumstances. For example, factors typically associated with an increased risk for use include drug availability, association with peers
who use drugs, a lack of parental supervision, boredom, and coping with negative
affect, among others. In contrast, parental monitoring, a lack of negative peer influence, academic achievement, and strong family and community attachments are
considered protective factors. Although the pandemic might cause the rates of substance use to increase as teens seek relief from stress, isolation, or boredom, it is
also possible that pandemic-related restrictions will decrease known risk factors
and decrease substance use.2,22
Certainly, the COVID-19 pandemic has disrupted daily life and contributed to higher
levels of stress and anxiety in both adults and adolescents. Adult drinking has
increased substantially during the pandemic, resulting in greater teen exposure to
parent alcohol use and possibly greater accessibility to alcohol and other drugs in
the home.23 In turn, adolescents who have access to a variety of substances within
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their homes may be at risk for increased substance use. In 2019, 87% of reports made
to poison control centers in the United States involving exposures among individuals
13 to 19 years old occurred in the home. The most common substances these adolescents were exposed to included prescription or nonprescription pain relievers, antidepressants, sedatives, hypnotics, antipsychotics, antihistamines, and stimulants or
street drugs. More than 60% of these exposures were reported as intentional.24 A
related potential risk factor involves parents modeling substance use to relieve stress,
which increases the risk that teens will use substances to relieve stress, manage negative affect, and cope with feeling isolated. Similarly, older siblings in the home may also
be facilitating use by their younger siblings through co-use or providing their younger
siblings with access.22 Additional reasons for post-COVID increases in alcohol and
cannabis use could include an increase in unstructured time resulting from asynchronous remote learning and a lack of extracurricular and other leisure activities, as well
as social isolation, boredom, and life stress, which may all have increased for adolescents during stay-at-home orders.4,25
Conversely, several factors likely contribute to a decreased risk of substance use during the pandemic.2 Perhaps the greatest risk reduction comes from the increased time
that parents are at home with their children. Not only are families eating meals together
and participating in shared activities, which might decrease the risk of engaging in unhealthy behaviors like substance use, but parental and caregiver monitoring is likely
increased, as well. Having parents and caregivers home much of the time might curtail
activities conducive to binge drinking, such as parties, and make it much more difficult
for teens to obtain and use vaping products and other substances.26 Similarly, stay-athome orders have limited opportunities for teens to spend time with peers who engage
in unhealthy behaviors like substance use, which is significant, because the time spent
with substance-using peers is a major risk factor for substance use.27
For teens who experienced academic or social pressure at school, remote or hybrid
learning offer less anxiety and stress. This decreased stress may have decreased substance use by teens who use drugs to cope with stress and negative affect. In addition, remote learning does not require early morning start times, thus alleviating the
sleep deprivation that is a risk factor for substance use.2
Finally, for teens who have not yet started substance use, fewer opportunities to
engage in risky behavior and restricted access to alcohol and drugs that result from
parents being at home and social distancing may translate into delayed initiation of
substance use. Delaying the onset of substance use is a primary target of prevention
strategies, given the effects of substances on the developing adolescent brain.28 In
addition, the earlier the onset of use, the greater the risk of developing substance
use disorder in adulthood.29 Thus, social distancing may be offsetting the first use
of substances, which may decrease the risk of future problematic use.2
EFFECTS OF SUBSTANCE USE ON COVID-19 SUSCEPTIBILITY AND SEVERITY

Although it seems that younger people are less likely to contract COVID-19 than older
adults, it is not clear whether using substances or having a substance use disorder
makes an individual more susceptible to coronavirus transmission or increase the likelihood of severe infection.30 Alcohol and/or other drug use can lead to changes in immune, pulmonary, and respiratory function that affect the ability to fight infection.31,32
For example, alcohol consumption can impact the immune system and heavy use can
lead to chronic weakening of lung function over time, increasing the risk of developing
pneumonia.33 Stimulants like cocaine and methamphetamine act as vasoconstrictors
that can cause pulmonary and cardiovascular damage. Opioids, particularly at high
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doses, can slow breathing and cause hypoxia, putting users at risk of overdose. Drugs
that are administered via smoking or inhalation, such as nicotine or cannabis, can
worsen respiratory conditions like asthma and may increase risk of severe illness
from COVID-19, even for adolescents. Emerging evidence indicates that smoking
and vaping can cause lung irritation, inflammation, and damage to lung tissue, which
can increase the risk of viral infection.34–36 Youth who smoke or vape may be more
likely to develop complications from coronavirus, such as pneumonia or acute respiratory distress. Behaviors associated with smoking and vaping also increase the risk
of viral transmission. For example, teens often exhale forcefully when vaping and
cannot wear masks while they are using. In addition, smoking and vaping behaviors
typically include the sharing of joints, blunts, and vaping devices, which increases opportunities for exposure.37
Gaiha and colleagues14 conducted the first (and only, to date) population-based,
cross-sectional online survey study to investigate associations among smoking, e-cigarettes, and COVID-19. A total of 4351 adolescents and young adults (13–24 years)
completed the survey, and the results indicated that youth who used e-cigarettes
were 5 times more likely to become infected with COVID-19 illness compared with
nonusers, and those who co-used e-cigarettes and tobacco cigarettes were 7 times
more likely to become infected.14 The high rates of vaping in teens combined with links
between smoking and vaping and increased risk for COVID-19 illness underscore the
need for health care providers to screen all youth and COVID-19–infected youth for
cigarette and e-cigarette use.6,7,14
ADOLESCENT SUBSTANCE USE TREATMENT

According to the most up-to-date NSDUH, approximately 1.1 million adolescents in
the United States met diagnostic criteria for a substance use disorder in 2019, a significant increase from 2018.38 Despite a greater number of adolescents using substances, there was no significant increase in the number of adolescents engaged in
treatment for a substance use disorder. Only 8.3% of these adolescents received substance abuse treatment in the year leading up to the survey.38 Among those who did
not receive any treatment, approximately 98.5% reported that they felt they did not
need treatment, despite meeting criteria for a substance use disorder diagnosis (Substance Abuse and Mental Health Services Administration, 2020).38 Thus, clinicians
working with adolescents with a substance use disorder must consider the needs of
the adolescent as well as their level of motivation to change when choosing a specific
intervention. The following evidence-based treatment approaches have been found to
be efficacious for treatment of substance use disorders among adolescents with varying needs and levels of readiness for treatment.39
Behavioral Interventions

Cognitive behavioral therapy (CBT), motivational interviewing (MI), contingency management (CM), and motivational enhancement therapy are all approaches to treating
substance use that, according to Division 12 of the American Psychological Association, have strong research support. The National Institute on Drug Abuse has also
recognized the adolescent community reinforcement approach (A-CRA) and 12step facilitation therapy as acceptable treatments for adolescents with substance
use problems.39
CBT for substance use encourages adolescents to monitor their emotions, recognize thought distortions, and identify substance use triggers. CBT therapists attempt
to teach adolescents to anticipate high-risk substance use situations and to develop
Downloaded for Anonymous User (n/a) at Egyptian Knowledge Bank from ClinicalKey.com by Elsevier on September 19,
2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.

COVID-19 and Substance Use in Adolescents

coping strategies for those situations.39 MI is used to enhance a person’s motivation
for and commitment to change, largely using change talk facilitated by the therapist. It
can be particularly helpful for adolescents who are ambivalent about their substance
use.40 Motivational enhancement therapy is based on the principles of MI and incorporates individual assessment feedback. The goal of motivational enhancement therapy for adolescent substance use is to help patients to develop a motivation and
desire to engage in treatment. Generally, both MI and motivational enhancement therapy are not used as standalone treatment methods, but are combined with CBT.39,40
CM uses the principles of reinforcement for decreasing substance use. CM for substance abuse usually involves monitoring drug use behaviors and reinforcing desired behaviors (treatment participation, achieving specified goals, not using drugs, etc) using
tangible rewards. CM is typically used as an adjunct to other psychosocial treatment.39,40
A-CRA is a treatment that attempts to replace reinforcements for substance use in
the patient’s life with more effective family, social, educational, or vocational reinforcers. Finally, the aim of 12-step facilitation therapy is to increase the likelihood
that an adolescent receiving treatment for substance use will become involved in a
12-step program such as Narcotics Anonymous.39
Family-Based Interventions

Family-based therapeutic interventions involve the adolescent’s family in their substance abuse treatment. These approaches often address problems beyond
the adolescent’s substance use, and may address issues regarding family conflict,
co-occurring disorders, and school problems. Interventions that involve the family
may be particularly useful for adolescents because most of them live with at least 1
parent or guardian and are subject to their rules and supports.39
Several iterations of family-based interventions have been shown to be efficacious
for the treatment of substance abuse among adolescents. Brief strategic family therapy views problem behaviors as stemming from unhealthy family interactions and
seeks to resolve negative interaction patterns among family members. Family
behavior therapy combines the principles of CM with behavioral contracting to
decrease problem behaviors, including substance use. Functional family therapy
combines the principles of brief strategic family therapy and family behavior therapy;
problem behaviors are viewed as a response to unhealthy family functioning, and
behavioral techniques are used to increase family communication and problem solving. Functional family therapy also incorporates principles of CM.39
Multidimensional family therapy combines family- and community-based interventions for adolescents with substance use problems. The goal of multidimensional family therapy is to foster collaboration between the adolescent’s family and the school
and/or justice system. For juvenile detainees, ‘Multidimensional family therapy is often
used to facilitate their reintegration into their community. Similarly, multisystemic therapy incorporates the principles of family- and community-based interventions. In this
model, the adolescent’s substance use is not only viewed in terms of the adolescent
and their family, but also in terms of peers, school, and neighborhood qualities.39

COVID-19 IMPACT ON TREATMENT

The majority of adolescents who were in treatment for a substance use disorder in
2019 received care in an outpatient setting; only 9.1% received nonhospital inpatient
care, and 1.3% received inpatient care in a hospital setting.38 These percentages are
similar to reports spanning 2009 to 2017. Although 2020 treatment data have not yet
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been published, it is likely that outpatient services will continue to be the most common setting for adolescents in treatment for substance use disorder.
Following the stay-at-home orders and social distancing guidelines that were put into
place in March 2020, many outpatient substance abuse clinics experienced partial closures and were forced to suspend certain types of treatment. Group therapies may have
been halted to comply with social distancing, and in some instances therapeutic interventions have moved to online formats such as video conferencing. Recent studies
have indicated that telehealth interventions show promise in treating substance use disorder among adult patients. For example, the Houston Emergency Opioid Engagement
System (HEROES) has transitioned to telehealth services for substance use disorder.
Initial studies indicate that this system has maintained patient engagement and has actually experienced an increase in attendance at some virtual recovery group meetings.41
Other researchers have been in the process of creating various digital platforms
aimed at supporting individuals with substance use disorder, such as RAE (Realize,
Analyze, Engage). RAE is a digital treatment for substance use disorder that includes
a wearable device that measures biomarkers of stress and craving. The platform also
includes several levels of dialectical behavior therapy interventions, connection to a
clinician when a need for help is indicated, and a clinician-facing portal that delivers
client information to a treatment team. Clinical trials are set to take place throughout
2021 to better understand the efficacy of this type of platform.42
It is important to note that these studies only included adult samples. There may be
unique considerations for using telehealth services to treat adolescents with a substance use disorder. Unlike adults, most adolescents live with a parent or guardian
as well as other family members, which may result in limited privacy within their
homes. Adolescents may be less likely to be open and honest with health care workers
if they fear being overheard by others in the household. Additionally, adolescents with
a substance use disorder are more likely to have a parent or caregiver who also has a
substance use disorder and 1 in 8 children live with at least 1 parent with a substance
use disorder.4,43 An adolescent who is seeking treatment for a substance use disorder
but who has a parent with an active substance use disorder may feel particularly unsafe engaging in treatment from the confines of their own home. Community-based
interventions may be particularly helpful for an adolescent in this position, but the
lack of in-person outpatient services may hamper service providers’ ability to integrate
an adolescent patient with community supports. Alternatively, adolescents may feel
reluctant to seek out any form of in-person treatment for fear of COVID-19 exposure.
Adolescents who are members of at-risk groups likely face additional barriers to
receiving treatment during the COVID-19 pandemic. Impoverished and homeless
youth, for example, appear to be facing even greater resource insecurity during the
pandemic than pre-pandemic. Many of these adolescents are likely unable to engage
in telehealth services owing to a lack of internet, phone, or computer access. Additionally, the halt of in-person services and decreased admissions to community service
providers/shelters may also create barriers to obtaining mental health and substance
use disorder treatment. Not only do health risks associated with both homelessness/
poverty and substance use disorder put these adolescents at heightened risk for
COVID-19 infection, but lack of treatment may result in an increase in engaging in risky
behaviors to obtain substances.44
Lesbian, gay, bisexual, transgender, and gender and sexuality questioning (LGBTQ)
youth represent another at-risk group that may be disproportionately affected by the
COVID-19 pandemic. Adolescents who identify as LGBTQ are at an increased risk for
physical and sexual abuse; stay-at-home orders may inadvertently increase contact
with abusers in the home and having an abuser in the home would likely decrease
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engagement in telehealth treatment. LGBTQ adolescents are already at a higher risk for a
multitude of psychological disorders, including substance use disorder; this risk,
coupled with the potential for increased victimization, may contribute to an increase in
substance use.44
Finally, adolescents have not been spared from the opioid epidemic. From 1999 to
2016, overdose deaths owing to prescription opioids, heroin, and fentanyl increased
by 95%, 405%, and 2925%, respectively, in youth under the age of 20.45 Recent findings indicate that opioid overdoses have increased during the COVID-19 pandemic46
with disproportionate increases observed among Black Americans.47 Data from the
Centers for Diseaswe Control and Prevention48 from more than 42 states show that
nonfatal opioid-related overdoses have also risen dramatically since the pandemic
was identified in March 2020. Heroin overdose rates peaked in May 2020 and have
gradually decreased, although the rate in September 2020 (the most recent month
with available data) remained elevated compared with almost all of 2019. Similarly,
nonfatal overdoses from opioids peaked in July and slightly decreased in August
and September, although the rate in September is greater than prepandemic 2020
and any month in 2019.48 Although these COVID-19–related results did not examine
adults and youth separately, the significant increases in adolescent opioid overdoses
observed in prepandemic years largely mirrored those seen in adults. Thus, it is
reasonable to suspect that the number of fatal and nonfatal opioid-related overdoses
have also increased significantly in adolescents during COVID-19. The increase in
opioid overdoses may be due to several factors, including disruption to treatment,
an increase in mental health stressors, and an increased prevalence of solitary substance use, leading to a decrease in readily available assistance.
IMPLICATIONS FOR TREATMENT

Although an increase in substance use among adolescents during the COVID-19
pandemic is not definitive, treatment providers may benefit from preparing for an increase in the number of adolescents who need treatment for a substance use disorder
as services begin to return to in person. Pediatricians and primary care providers should
screen for substance use during routine checkups and may want to consider administering urine drug screens to concerning patients.4 Additionally, clinicians who are
providing general psychological services to adolescents should consider incorporating
substance-related programming into their services; even adolescents who do not meet
criteria for a substance use disorder may benefit from some substance-related treatment.39 Treatment providers who service impoverished, homeless, or LGBTQ adolescents in particular may experience an increase in demand for in-person services owing
to barriers to telehealth treatment, as discussed elsewhere in this article.
In the meantime, there are steps that both families and clinicians can take during this
time to help adolescents with substance use problems. Stay-at-home orders provide a
unique opportunity for parents and caregivers to create and maintain structure in the
home. For example, they may implement a morning routine, encourage activities that
build connection among family members, and facilitate nonjudgmental open communication within the home to support adolescent recovery efforts. Parents and caregivers
should also monitor the adolescent for signs of ongoing substance use or withdrawal
symptoms. A publication by J. Wolfe offers some examples of substance use signs
that parents and caregivers might report to health care professionals.49 Both withdrawal as well as continued substance use during social isolation may result in difficulty
controlling emotions or extreme mood swings among adolescents. Attempts to isolate
oneself in the home may also be a sign that an adolescent is hiding efforts to obtain or
Downloaded for Anonymous User (n/a) at Egyptian Knowledge Bank from ClinicalKey.com by Elsevier on September 19,
2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.

985

986

Lundahl & Cannoy

use substances. Isolation may look like sleeping throughout the day, staying locked in
one’s room, or simple avoidance of interaction with family. Additionally, multiple arguments about leaving the home to be with friends or sneaking out behavior may indicate
that the adolescent is attempting to obtain or use substances. Last, strange smells
coming from the adolescent or the adolescent’s room may also indicate ongoing substance use. For example, marijuana has a distinct skunk-like smell when smoked. Unusually sweet scents may result from the use of a vape or from sweet drinks mixed with
alcohol. Additionally, an excessive use of air fresheners, perfume, or cologne may be a
tactic used to cover up the smell of substances. If a parent or caregiver is concerned
that their adolescent is engaging in substance use, they may consider reaching out
to their pediatrician for advice about treatment options.
Service providers who conduct remote services for adolescents with a substance
use disorder should make efforts to check-in with the patient about their safety and
difficulties they may be experiencing at home. If possible, health care workers should
also encourage adolescents to seek out a private space from which to engage in
remote treatment. If an adolescent is unable to openly discuss problems they are having because of lack of privacy or fear of safety, providers may want to consider
resuming in-treatment services while following social distancing guidelines (ie, staying
6 feet apart, wearing masks, and washing hands and surfaces).
Health care workers may also see this time as an opportunity for encouraging complete cessation of substance use behaviors, including smoking and vaping. Adolescents may be experiencing increased difficulty in accessing various substances,
including cigarettes and vapes owing to stay-at-home orders. Thus, treatment providers may use this time to increase motivation to quit; pediatricians or other health
care professionals may also consider prescribing nicotine replacement treatments
to help with craving or withdrawal symptoms experienced by adolescents.50 Last,
many 12-step support groups such as Alcoholics Anonymous and Narcotics Anonymous have transitioned some of their meetings to an online platform. Their respective
websites now have entire pages devoted to providing information about virtual meetings, including how to find and join a virtual meeting. Adolescents with substance use
problems may benefit from receiving this type of support, particularly if they have
experienced a disruption in their in-person treatment.

FUTURE DIRECTIONS

Exploring the various impacts of the COVID-19 pandemic on adolescent substance
use provides a unique opportunity to understand factors that both increase and
decrease the risk of future substance use among teens. Some pandemic-related life
changes, such as social isolation and boredom, seem to exacerbate the risk of substance use. Other changes seem to mitigate some of the risk, including increased family time, parental monitoring, and decreased access to substances.
Longitudinal studies are needed to monitor shifts in substance use patterns over
time as the pandemic evolves to fully characterize the impact of pandemic-related
stresses on teen substance use, motivations for use, and mental health correlates.
Given the key role of peer pressure and social group dynamics in determining drug
experimentation and use in teens, important factors to examine include the longterm consequences of school closures, remote and hybrid learning, social distancing,
and quarantining. Studies also are needed to understand how the pandemic changed
opportunities for teens, and their family members, to engage in substance use, and
whether these changes increased or decreased use.
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Studies should also examine the parental permissiveness that allowed for the
parent–teen drinking and binge drinking behavior reported in the early weeks of the
pandemic in the study by Sumas and associates.12 Although some parents may
have relaxed some rules in the face of the exceptionally challenging circumstances
created by the shutdown, perhaps considering alcohol use with parents at home relatively safer for their teens than sneaking out and drinking with friends, there may be
lasting effects of this co-use drinking behavior, because parental permissiveness
has been linked to higher rates of substance use.22,51
SUMMARY

Currently, it is not clear whether substance use by teens has increased or decreased since
the state of emergency was declared in mid-March 2020. Stressors such as uncertainty,
fears about contracting the virus, social isolation, boredom, and sheltering in place potentially increase the risk of use, whereas increased parental monitoring and reduced access
to substances and substance-using peers likely decrease the risk. Regardless, the sustained social disruption related to the COVID-19 pandemic will have lasting effects on adolescents. Future research should identify protective factors that decrease use, because
these factors might be continued once normal life resumes. Similarly, identifying risk factors associated with increased use could provide targets for treatment. In the meantime, it
is likely that partial clinic closures as well as the transition to providing services online
uniquely affected the way adolescents engage in treatment. At-risk adolescents may
have been particularly affected by these changes. As such, it is important that health
care providers consider screening all adolescents for problematic substance use, and
regularly monitor adolescents’ safety in addition to maintaining treatment gains. Although
stay-at-home orders and social distancing guidelines have made certain aspects of substance use disorder treatment more difficult, these restrictions also present a unique opportunity for parents and caregivers, as well as for health care workers. Parents and
caregivers can use this time to increase structure in the home and build stronger connections with their children, and health care workers can use lack of access to substances to
set up substance cessation goals for their adolescent patients.
CLINICS CARE POINTS

 Telehealth providers should be mindful that adolescents live with a parent or caregiver and
because of possible limited privacy within their homes may be less open and honest about
their substance use.
 About 1 in 8 adolescents with a substance use disorder lives with at least one parent who is
actively using substances; this adolescent may not feel safe engaging in substance use
treatment while in their home.
 Pediatricians and primary care providers should screen for substance use during routine
checkups and may want to consider administering urine drug screens to concerning patients.
 Treatment providers may want to take advantage of the limited access teens have to
cigarettes and vapes during stay-at-home orders and increase motivation to quit;
pediatricians may consider prescribing nicotine replacement treatments to help with craving
or withdrawal symptoms experienced by adolescents.
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KEY POINTS
 Findings of the included articles are mixed; 5 articles documented an increase in child
maltreatment, 6 articles documented a decrease, and 1 study found no significant difference in child maltreatment rates.
 Of the included articles, rates of child maltreatment reports decreased while hospital
cases of child maltreatment increased, calling the accuracy of reporting during the
COIVD-19 pandemic into question.
 Most articles (11 of 12) did not include perspectives of children affected by child
maltreatment.

It is estimated that each year more than 1 million children worldwide are victims of
physical, sexual, or emotional violence. Collectively, this violence has been termed
child maltreatment (CM) and defined by the World Health Organization as “the abuse
and neglect that occurs to children under 18 years of age.”1 The impacts of CM are
multifaceted, having short- and long-term consequences on a child’s attitudes and
behaviors, as well as their mental and physical well-being.2–6 Increases in CM have
been well-documented in association with increased parental stress,7 during and after
recessions and epidemics, such as the Ebola and AIDS crises.8–10 Continuing to understand the situations that create, perpetuate, and amplify CM are of the utmost
importance to then lower the rates of CM and decrease their impact. Thus, the
ongoing coronavirus disease 2019 (COVID-19) pandemic and its subsequent impacts
have become an area of interest and concern for linkages to CM.
The ongoing COVID-19 pandemic has permeated daily life and activities, with more
than 2.3 million global deaths at the time of this publication.11 Mass lockdowns, staya
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at-home orders, shelter-in-place orders, and general encouragement or enforcement
to distance from anyone outside of the household have been implemented to mitigate
COVID-19 infection rates, hospitalizations, and deaths.1,12,13 Although the infection
and death rates do require drastic isolation measures, there may be negative impacts
of such measures as well. The crisis, along with government-implemented isolating
measures, have led to economic, psychological, and social hardship for people across
the globe.14–16 These other effects of the pandemic, or the country’s response to it,
might impact CM.
The pandemic has exacerbated factors that contribute to CM. For parents, quarantines and stay-at-home orders have led to high rates of unemployment, difficulties in
relationships, increased rates of depression, and unsurmountable stress.17–19
Emerging research has suggested that parents experiencing pandemic-related social
isolation report an increase in verbal aggression, physical punishment such as
spanking or hitting, and neglectful behaviors toward their children.20 The COVID-19
pandemic has caused significant economic challenges and could have long lasting effects on the global economy.21,22 Last, more than 80% of children worldwide were
affected by school closures during the pandemic.23 In some countries, educational
personnel make up the largest proportion of reporters in cases of CM.24 Research
has shown that because of school closures owing to the COVID-19 pandemic, there
is a decrease in CM reports.25 Routine pediatric medical care has also decreased
as a function of the COVID-19 pandemic, leaving fewer opportunities for health care
providers to find out about and report a CM case. Although it is clear the COVID-19
pandemic has created a variety of circumstances that are known to be indicative of
an increase in CM, the pandemic is still evolving, and currently available studies
cannot fully assess the lasting impacts.
The examination of CM during the COVID-19 pandemic has proven to be difficult,
with mixed reports of increased, decreased, or varied results in cases of child abuse
and neglect.25 At a time when many victims are isolated within a violent household and
are unable to disclose events while separated from the perpetrator,10 instances of CM
are difficult to trace. Thus, a need to better understand and synthesize the existing
literature surrounding the COVID-19 pandemic and CM is needed. To the authors’
knowledge, this is the first review of its kind to explore the current literature in this field
of study and, therefore, this systematic rapid review aims to address (1) the types of
study designs used to analyze an ongoing situation, (2) whether CM trends vary by
reporting type, and (3) the sources (primary vs secondary) used to gain insight into
CM. Synthesizing this information, all published during the pandemic, provides a
glimpse into the academic dialogue on this topic in real time.
METHODS
Article Inclusion and Exclusion Criteria

To be included, an article had to (1) include a measure of CM during the COVID-19
pandemic, (2) be published in a peer-reviewed journal, (3) be written in English, and
(4) present original empirical findings (eg, no reviews, case studies, or news articles
were eligible). Articles were excluded if they were inaccessible to reviewers or if
they described the development of a tool or measure. Inaccessible articles are those
that did not have a full-text download available or charged a fee.
Search Strategy

The systematic rapid review was conducted in accordance with the 2009 PRISMA
statement.26 Two experienced research librarians independently conducted a literature
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search on December 28, 2020. Both developed their search strategies in MEDLINE, and
translated these searches into Embase, PsycInfo, and CINAHL. The searches were
based on a combination of terms related to “maltreatment” (eg, “physical abuse,” “sexual abuse,” “neglect”) AND “child” (eg, “adolescent,” “girl,” “boy,” “young”). It was
limited to the COVID-19 pandemic and English language. After their separate searches,
the librarians met to compare search results. Duplicate articles between databases and
librarians were removed, and the remaining articles were sent to the study team.
Data Extraction

Two independent reviewers (G.F. and A.C.R.) conducted an abstract review of the
resulting 234 unique articles. Reviewers indicated whether an article fit or did not fit
the inclusion criteria, and each article they disagreed on was discussed among 3 reviewers (G.F., A.C.R., and A.R.) until consensus was reached. A total of 27 articles
remained and were retrieved for full-text review and abstraction.
Quality Assessment

Three reviewers (G.F., A.C.R., and A.R.) used the National Institutes of Health National
Heart, Lung, and Blood Institute Study Quality Assessment Toolbox27 to ensure that all
of the included articles were free of significant bias.
Ethics

This study was not submitted to an institutional review board because a rapid literature
review does not involve human participants.
RESULTS

A total of 234 unique citations were generated from the databases. After the initial abstract screen, 207 articles were removed. Most commonly, articles were removed
because they were not original empirical research (n 5 131), meaning that they
were either a letter to the editor, a viewpoint or debate piece, a review paper, or a
news report. Articles were also excluded if they did not include any current child abuse
(n 5 55), meaning that child abuse was either not mentioned, not included in the statistical analysis, or that child abuse history was only used as a study inclusion factor for
adult subjects. Articles that did not include COVID-19 (n 5 5) and articles that included
neither COVID-19 nor present child abuse (n 5 6) were excluded as well. Other reasons for exclusion were that the article was not accessible to reviewers (n 5 3 did
not have a full-text download available, n 5 1 charged a fee to view), only the abstract
was published (n 5 1), the article was an animal study (n 5 1), the article was a program evaluation (n 5 1), the research was conducted for development of a clinical
tool (n 5 1), or the article was a workshop description (n 5 1). Each reason for exclusion with only 1 article is categorized as other in Fig. 1.
Of the remaining 27 full-text articles that were reviewed, 15 articles were excluded.
Articles were removed because they had no current child abuse (n 5 6), were not peer
reviewed (n 5 2), were not original empirical research (n 5 5), or did not include
COVID-19 (n 5 2). A final count of 12 articles were ultimately included in this systematic rapid review, outlined in Table 1. Each of these articles were deemed appropriate
for inclusion based on the quality assessment measure.27 Overall, 10 articles received
a score of good and 2 received a score of fair. According to the tool, “a ‘good’ study
has the least risk of bias, and results are considered valid, while a ‘fair’ study is susceptible to some bias deemed not sufficient to invalidate its results.”27 None of the
included articles were deemed poor, which would indicate significant bias.
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Fig. 1. PRISMA flowchart of the article identification, selection, and abstraction process.
APA, American Psychological Association.

Sample Characteristics

Reflective of the global scale of the COVID-19 pandemic, there is geographic diversity
among the included articles. Four evaluations took place in the United States,28–31 and
the other 8 are from outside of the United States, including Brazil, the Netherlands, and
the UK.32–39 The articles ranged in sample size, with the smallest sample including 12
children,38 the median 2 samples including 392 children in one31 and 414 parents in
the other,32 and the largest sample coming from hospital records of CM for 58,367
children.33 Of the articles, one was a survey of parents,32 and one included responses
from children.39 All other articles synthesized information from child abuse reporting or
presentation to a hospital. Maltreated children were from all age groups. At the youngest end of the spectrum, Sidpra and associates38 looked at children from 17 days to
401 days old, with a mean age of 192 days. Conversely, Platt and colleagues37
included children aged 0 to 19 years, based on the 2002 definition the authors used
to define children and adolescents. Three articles did not report a mean age or age
range.30,31,38
Study Designs

A variety of study designs were used to assess the relationship between the COVID-19
pandemic and CM. The most common study design was retrospective review. Six articles used this method.29,33–36,38 Two articles use retrospective data to compare

Table 1
Articles assessing CM during the COVID-19 pandemic

Data Time Frame
(MM/DD/YY YY)

Child
Maltreatment
Operational
Definition

NIH NHLBI
Study
Quality
Assessment

Sample
Characteristicsa

Los Angeles, CA
Reports of CAN
to the Los Angeles
Police Department
Before COVID-19:
n 5 661 reports
COVID-19: n 5 614
reports

Before COVID-19: 50% 07/24/2019–
01/20/2020
female; 65%
compared with
Hispanic. 23%
01/21/2020–
Black. 8% White,
07/19/2020
1% Asian, 3% other
race
COVID-19: 49%
female: 60%
Hispanic, 27%
Black, 8% White,
1% Asian, 5% Other
race; no age data
reported

Physical
abuse and
neglect
Abuse:
Penal Code
273d
Neglect:
Penal Code
270 Neglect
MNBS ParentReport short
version
Room for
Parents
Questionnaire

Compared
with the
time period
immediately
preceding it,
there was
a 7.95%
decrease in
the number
of child
abuse and
neglect
reports
during the
COVID-19
pandemic

Good

85.7% Female; mean 04/29/2020–
age 5 40.2; no race
05/10/2020
data reported

Cognitive
and Affective
Needs Scale
Basic Care
Needs Scale

Compared
with parents
of children
aged 0–12,
parents of
teenaged
children were
significantly
less likely to
be able to
respond to
their child’s
basic care
needs
(P<.001)

Fair

Study Design

Barboza
et al,21
2020

Negative
binomial
regression
analysis of
surveillance
data

Bérubé
et al,33
2020

Cross-sectional Quebec, Canada
analysis from MAVIPAN cohort:
parents of
a prospective
children aged 0–17
longitudinal
n 5 414 parents
cohort

Findings
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Sample Source
and Sample Size

Author (Year)
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Table 1
(continued )

Author (Year)

Study Design

Chong
et al,34
2020

Retrospective
review

Sample Source
and Sample Size

Sample
Characteristicsa

Data Time Frame
(MM/DD/YY YY)

Singapore
Medical records
from KK Women’s
and Children’s
Hospital, a major
pediatric hospital
n 5 58,367 children

Pre-DORSCON Orange
(1): 53% female;
mean age 5 8.0 y
(SD 5 4.7);
Post-DORSCON
Orange: 48%
female; mean
age 5 7.0 y
(SD 5 4.3);
During lockdown (3);
18% female: mean
age 5 6.9 y
(SD 5 4.2);
After lockdown (4):
44% female: mean
age 5 7.7 y
(SD 5 4.4); No race
data reported

(1): 01/01/2020–
02/06/2020;
(2): 02/07/2020–
04/06/2020;
(3) 04/07/2020–
06/01/2020;
(4) 06/02/2020–
08/08/2020

Child
Maltreatment
Operational
Definition
Physical abuse
SNOMED-CT
and ICD
codes for
child abuse
related
diagnoses

Findings
The hospital
saw a greater
proportion
of child
abuse-related
emergencies
during
lockdown
(44 children,
0.5% of
emergencies)
and after
lockdown
(79%, 0.6%)
compared
with preDORSCON
orange
(36%, 0.2%)
(P<.001)

NIH NHLBI
Study
Quality
Assessment
Good

Physical abuse
EHR

Retrospective
review

Before COVID. 2019:
Malta
44% female:
Mater Dei health
COVID wave 1: 50%
records and
female; No race
computer
data reported
databases of
all acute pediatric
hospital admissions
for children aged
0–15
Before COVID:
n 5 729 admissions;
COVID wave l:
n 5 266 admissions

Before COVID.
2019:
03/01/2019–
05/09/2019;
COVID Wave
1: 03/01/2020–
05/09/2020

Garstang
et al,36
2020

Retrospective
review

Birmingham, England 37% Female: median
age 5 69 mo; no
CPME referrals for
race data reported
children aged
0–18 at Birmingham
Community
Healthcare Trust
EHR for the children
referred
2018: n 5 78 referrals
2019: n 5 75 referrals
2020: n 5 47 referrals

Physical abuse
Compared
and neglect
03/2018–6/2018;
Conclusion
03/2019–6/2019;
from CPME
and 03/2020–
History
6/2020
from EHR

Compared
with the
same period
in 2019,
there was
a higher
percentage
of child
abuse or
social
pediatric
cases in 2020
(0.14% vs
3.5% of
cases)
(P<.001)

Good

Compared
with the
same period
in 2018 and
2019. there
was a
decrease in
CPME
referrals in
2020 (39%
decrease;
95% CI,
(14%–57%).

Good

(continued on next page)
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Degiorgio
et al,35
2020
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Author (Year)

Study Design

Kovler
et al,30
2020

Retrospective
review
Retrospective
populationbased study

Data Time Frame
(MM/DD/YY YY)

Child
Maltreatment
Operational
Definition

Sample Source
and Sample Size

Sample
Characteristicsa

Maryland, England
Cases taken from the
trauma registry at
a Level 1 pediatric
trauma center for
children under
age 15
2018: n 5 60 patients
2019: n 5 111 patients
2020: n 5 86 patients
State of Sergipe,
Brazil
Official CM registries
2019: n 5 70 cases
of child abuse
2020: n 5 53 cases
of child abuse

Physical abuse
2018: 0% female: 33% Compared
Hospital
3/28/2018–
Black, median
evaluation
04/27/2018;
age 5 21 mo;
Injury pattern
3/28/2019–
2019: 50% female;
Physical
04/27/2019;
75% Black, median
abuse
3/28/2020–
age 5 10 mo;
Official CM
04/27/2020
2020: 62% female;
database
01/01/2019–
75% Black; median
06/30/2019
age 5 11.5 mo
compared with
2019: 78.6% female;
01/01/2019–
25.7% aged 0%–
06/30/2020
11% and 74.3%
aged 12%–17%;
24.3% White, 7.1%
Black, 60.0% Brown
8.6% missing race
data:
2020: 71.7% female;
30.2% aged 0%–
11% and 69.8%
aged 12%–17%;
15.1% White, 11.3%
Black. 62.3% Brown
11.3% missing race
data

Findings
Compared
with the
same period
in 2018 and
2019, there
was a
significantly
higher
proportion
of trauma
patients
treated for
child abuse–
related
injuries
in 2020
(P 5 .009)
Compared
with 2019,
child physical
injury
decreased
by 24.3% in
2020
Decreasing
rates occurred
in January,
February,
March, and
May

NIH NHLBI
Study
Quality
Assessment
Good
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Table 1
(continued )

Mart ins - Filho Cross-sectional
et al,37 2020
descriptive
analysis

New York City, USA
Retrospective
analysis using CAN allegations
to NYC’s
SARIMA
Administration for
modeling
Children’s Services
Count of NYC CPS
investigations
warranting
child welfare
preventative
services
Stratified CAN
allegations data
from January 2015
to May 2020
Observed and
predicted values
generated for
March 2019 to
February 2020

Compared
01/01/2020–
03/15/2020;
03/16/2020–
05/31/2020

Created models
based on
01/2015–
02/2020
Observed actual
values from
03/2020–
05/2020

Physical abuse,
psychological
abuse, sexual
abuse, neglect
Municipality
notifications

Compared
with the
period
before the
lockdown,
there was a
decrease of
55.3% in
notifications
during the
isolation
period (1192
vs 659
notifications)

Good

Fewer
allegations
than
forecasted
from March
to May.
March:
(expectedobserved
5 1848;
95% CI,
1272–2423,
% change
5 28.8%)
April:
(expectedobserved
5 2976,
95% CI,
2382–3570,
% change
5 51.5%)

Good
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Platt et al,38
2020

State of Santa
Catarina, Brazil
Notifications of
violence against
children age 0–19
in the Information
System for
Notifiable Diseases
n 5 1851 notifications
of interpersonal
or self- inflicted
violence

(continued on next page)
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Author (Year)

Study Design

Sample Source
and Sample Size

Sample
Characteristicsa

Data Time Frame
(MM/DD/YY YY)

Child
Maltreatment
Operational
Definition

Findings

NIH NHLBI
Study
Quality
Assessment

May:
(expectedobserved
5 2959,
95% CI,
2347–3571,
% change
5 46.0%)
Rapoport
et al,31
2020

Retrospective
review

New York City, USA
Cases of suspected
abusive head
trauma at Great
Ormond Street
Hospital For
Children
2017: n 5 0 cases;
2018: n 5 l case;
2019: n 5 l case;
2020: n 5 10 cases

Physical abuse
Compared
40% Female: mean
and neglect
03/23/2020–
age 5 192 d
Allegations
04/23/2020 with
(range 5 17–401 d);
to NYC’s
incidence in the
no race data
Administraprevious 3 y
reported
tion for
(no dates
Children’s
provided)
Services
Physical abuse
Suspected
AHT cases
at hospital

Compared
with the
same period
in the
previous
3 years, there
was a 1493%
increase in
cases of AHT
between
March 23
and April
23, 2020

Good

Sidpra
et al,39
2020

w1.5 y before
Parents
03/16/2020;
Before COVID-19:
03/16/2020 –
66% female: 0%
ongoing
aged 18%–24%,
parent study
22% aged 25%–
34%, 42% aged
35%–44%, 30%
aged 45%–55%,
and 6% aged 551
During Lockdown
(after 03/16/2020):
63% female, 2%
aged 18%–24%,
15% aged 25%–
34%, 43% aged
35%–44%, 34%
aged 45–55. and
6% aged 551; No
race data
reported, no child
demographics
reported

Physical abuse,
psychological
abuse, neglect
Self-report of
parents and
teenagers
on the CTSPC

No significant
difference in
number of
child abuse
and neglect
incidents
reported by
parents or
teenagers
before the
COVID-19
crisis and
after
03/16/2020

Good

(continued on next page)
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The Netherlands
Mixed
Quantitative:
methods
Families that had
study:
been reported to
quantitative
CPS for suspected
analysis is
partner violence
longitudinal,
or child abuse in
qualitative
the Netherlands.
analysis is a
Recruited both
substudy
before and during
the pandemic:
n 5 159 families
recruited before
COVID and n 5 87
families recruited
during lockdown
Qualitative: these
same families and
professionals that
work with
vulnerable families
recruited through
"contacts with
researchers from
previous studies"
n 5 30 parents,
n 5 9 children,
and n 5 13
professionals
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Sample Source
and Sample Size

Author (Year)

Study Design

Tierolf
et al,40
2020

Oklahoma, USA
Retrospective
analysis using Publicly available
court filings from
ARIMA
the Oklahoma
modeling
State Court
Network
Feb 2020:
n 5 87 crimes:
March 2020:
n 5 100 crimes;
April 2020:
n 5 83 crimes;
May 2020:
n 5 80 crimes;
June 2020:
n 5 42 crimes

Sample
Characteristicsa

Data Time Frame
(MM/DD/YY YY)

—

Created models
based on
period starting
on 01/01/2010
Observed actual
values from
02/01/2020–
06/30/2020

Child
Maltreatment
Operational
Definition

Findings
25.7% fewer
allegations
than
forecasted
from February
to June.
February:
Difference
5 21.1,
95% CI,
–47.9 to 5.7,
% change
5 19.5%
March:
Difference
5 0.3, 95%
CI, 27.1
to 27.6,
% change
5 0.3%
April:
Difference
5 23.6,
95% CI,
51.6 to 4.3;
% change
5 22.2%

NIH NHLBI
Study
Quality
Assessment
Fair

Rapp et al

Table 1
(continued )

Whelan
et al,32
2020

Physical abuse,
sexual abuse,
neglect
Criminal
charges

Good

Abbreviations: AHT, abusive head trauma; ARIMA, auto regressive integrated moving average; CAN, child abuse and neglect; CI, confidence interval; COVID -19,
coronavirus disease 2019; CPS, Child Protective Services; DORSCON, Disease Outbreak Response System Condition; EHR, electronic health record; ICD, International
Classification of Diseases; MAVIPAN, "Ma vie et la pandemic au Québec"; MNBS, Multidimensional Neglectful Behavior Scale; NHLBI, National Heart, Lung, and
Blood Institute; NIH, National Institutes of Health; SNOMED-CT, Systematized Nomenclature of Medicine – Clinical Terms; SARIMA, seasonal auto regressive integrated moving average.
a
Indicates that no data is reported.
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May:
Difference
5 29.2,
95% CI,
57.7 to 0.6;
% change
5 26.7%
June:
Difference
5 63.2,
95% CI,
92.3 to 34.1;
% change
5 60.1%
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forecasted trends in CM to actual reports of CM.30,31 One was a cross-sectional analysis of survey data,32 and another was a cross-sectional analysis of violence
notifications.37
Definition of Child Maltreatment

CM was operationalized with some nuance across articles. Some relied solely on diagnostic codes,33,34 whereas others also considered suspicions or allegations of
maltreatment.29,30,35,37,38 Additionally, the scope of CM varied: 11 of the articles
included physical abuse against a child,28–31,33–39 7 were inclusive of child
neglect,28,30–32,35,37,39 and 2 included psychological abuse.37,39
Qualitative Synthesis of Findings

Overall, 5 articles documented increased CM, 6 articles documented decreased CM,
and 1 article found no significant difference in CM trends between the prepandemic
period and during the pandemic.
Setting of reports

Four articles discussed incidence of CM in a hospital setting.29,33,34,38 Six articles discussed incidence of CM from crime reports and Child Protective Services reports.28,30,31,35–37 Each of the 4 articles that generated reports from a hospital
setting found an increased incidence of CM. Contrastingly, each of the 6 articles
based on crime and Child Protective Services reports found a decreased incidence
of CM.
Forecasted versus actual

Two articles comparing forecasted versus actual trends in CM reports.30,31 These articles used similar modeling techniques (seasonal autoregressive integrated moving
average and autoregressive integrated moving average), in different settings. Rapoport and associates31 examined New York City, and Whelan and coworkers32 examined the state of Oklahoma. Both analyses found significantly less allegations during
the COVID-19 pandemic than expected. Rapoport and coworkers31 saw less reports
than expected from March to May 2020, and Whelan and colleagues32 saw less reports than expected in February and April to June 2020.
DISCUSSION

This study used systematic rapid review methodology to explore the impact of the
COVID-19 pandemic on CM. The variability in findings across the included articles
expose the complexity of this relationship, especially as the situation is developing
in real time. The type of study design, the report setting, and the source of the information on the CM were explored and are discussed in detail elsewhere in this
article.
The most common study design used was retrospective review, where researchers
compared trends in CM from previous time periods with a time period during the lockdown. The lockdown period was defined differently across articles, with one using
“COVID Wave One” and the timepoint of interest,34 another using Disease Outbreak
Response System Condition, or DORSCON, stages,33 and still others defining date
ranges of a few months at the height of the lockdown orders.28,30,31 Thus, data cannot
be directly compared owing to differing date ranges.
The rising trends of CM in hospitals and falling trends of CM crime reports during the
COVID-19 pandemic is concerning. This trend begets the question of whether reporting is accurate during this time. Access to mandated reporters such as school
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teachers has been severely limited owing to stay-at-home orders and the transition to
virtual schooling, leading to an underreporting of CM.40 Additionally, during the
COVID-19 pandemic, there was an increased hesitancy to visit hospitals and
clinics.41–43 The fear of going to the hospital for issues unrelated to COVID-19 could
have different implications: less contact with medical professionals who are mandated
reporters or only the most severe cases presenting to the hospital. Telemedicine
replaced in-person visits for many medical professionals at the height of the
pandemic, and providers may have missed usual warning signs of CM. The
hospital-based articles included in the present review, however, reported an increase
in CM cases, potentially contradicting this hypothesis.29,33,34,38
The articles presented here are predominantly secondary reports. Articles relied on
crime reports, health record data, and surveys of parents to understand CM. Just 1
article reported surveying children (aged 3–18 years), but only reported data from
the teenagers in the study.39 It was also unclear whether children were completing surveys away from parental influence. Other reports, like the allegations of abuse documented by Rapoport and associates,31 also primarily came from adults such as law
enforcement, social services, educational personnel, and caregivers. There is
absence of information directly from the children affected by CM, despite how useful
it could be. Past year incidence data collected directly from young children and adolescents are both reliable and developmentally appropriate, meaning that they have
the cognitive capacity to recall and understand instances of CM.44 The reliance on
physical evidence of maltreatment in many of our included articles could result in
the underreporting of CM cases, particularly cases where bruises or injuries have
healed, where psychological or sexual abuse occurred, or where neglect was
involved.29,33,34,38
When parents were surveyed,32 no comparative analyses by sex were completed.
Mothers and fathers of children affected by CM were analyzed together as a unit,
despite the possibility that parental perspective could vary by gender. It is wellknown that parent sex is associated with likelihood of abusing a child and typology
of maltreatment committed, although the results are mixed across countries and cultures.45–48 Sex is also implicated in the relationship between parenting stress and CM
potential.49
The associations shown here are subject to confounding. One potential confounder
in the relationship between the COVID-19 pandemic and CM is parental stress. It is
known that parental stress is a major risk factor of CM.50–52 Parental stress also
increased during the COVID-19 pandemic: fear of the virus, job loss, new rules and
mandates, and transitions to virtual work and schooling, among other stressors,
were rampant during this time.4,18 Additionally, it is documented that economic hardship is a predictor of child neglect.53–56 The mass layoffs, financial threats to small
businesses, and sometimes minimal relief from governments during the COVID-19
pandemic could all be sources of economic hardship for parents.
The greatest strength of the present study is the rigor with which it was conducted at
every stage. A.R. trained G.F. and A.C.R. extensively in data abstraction and article
selection using the PRISMA method. Three reviewers took part in the multi-pronged
article selection process, and all selected articles were screened for quality assurance
using the National Institutes of Health National Heart, Lung, and Blood Institute Study
Quality Assessment Toolbox.27 A limitation of our study is that it was conducted during
the ongoing COVID-19 pandemic. Thus, it is likely that additional articles will be published on this topic as the COVID-19 pandemic develops, and of the articles that are
included here, some have small sample sizes.36,38 This factor could impact the potential for generalizability to larger samples or populations.
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SUMMARY

The global nature of the COVID-19 pandemic warrants future research conducted by
geography. Different countries, states, and even different cities define and handle CM
cases differently. This variability could contribute to different rates of reporting and
incidence of CM. Policy implications on the accuracy of reports should be explored,
as should the efficacy of policy measures on CM prevention.
CLINICS CARE POINTS

 Children are particularly vulnerable during the COVID-19 pandemic because stay-at-home
orders, minimized access to mandated reporters, and increased parental stress may be
associated with increased CM.
 Providers should take extra care to ask children whether CM is occurring in the home and
give examples of the different types of CM. Some children, especially those affected by
neglect or psychological violence, may not show visible signs of CM. Other children may not
know that what they are experiencing is CM.
 Discourse on school, daycare, church, and other institutional reopenings should include
special considerations for children at risk of CM and children with a history of CM
victimization.
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KEY POINTS
 Multisystem inflammatory syndrome is a severe hyperinflammatory post–COVID-19 syndrome sharing characteristics with Kawasaki syndrome, toxic shock syndrome, and hemophagocytic lymphohistiocytosis occurring primarily in children.
 Multisystem inflammatory syndrome in children typically develops 2 to 6 weeks after
infection; the usual presenting symptoms are persistent fever, conjunctivitis, peripheral
edema, rash, extremity pain, gastrointestinal distress, and advancement to shock.
 Multisystem inflammatory syndrome in children is treated with combinations of systemic
steroids, intravenous immunoglobulin, and anti-inflammatory monoclonal antibodies.
 Cardiac sequelae of multisystem inflammatory syndrome in children differ from those of
Kawasaki syndrome; specifically coronary artery aneurysms may occur, but are more
prominent in Kawasaki.
 Cardiac ventricular dysfunction is more common with multisystem inflammatory syndrome in children, leading to higher troponin levels.

INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was recognized as a
novel coronavirus in Wuhan, Hubei Province, China, after several hospitalized patients
presented with pneumonia of undetermined origin in December 2019 and January
2020.1 In March 2020, coronavirus disease 2019 (COVID-19) was declared a
pandemic by the World Health Organization.2 There is now a better understanding
of the pathophysiology, disease course, outcomes, and treatment of this virus. It is
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recognized that COVID-19 affects adults and children differently, with the virus generally causing milder symptoms of infection in children as compared with adults.3–5
In adults, acute respiratory failure accounts for the most common complication from
COVID-19.6 In contrast, healthy children and adolescents may experience a hyperinflammatory syndrome owing to COVID-19 exposure causing a potentially lifethreatening response.6 The hyperinflammatory response seen in the pediatric
population is similar in some respects to Kawasaki disease, systemic-onset juvenile
idiopathic arthritis, or hemophagocytic lymphohistiocytosis.
MULTISYSTEM INFLAMMATORY SYNDROME IN CHILDREN

Multisystem inflammatory syndrome in children (MIS-C) as a result of SARS-CoV-2
exposure was first reported in April 2020 among 8 healthy children with hyperinflammatory shock over 10 days in the UK.7 The hyperinflammatory shock was noticed to
have comparable characteristics to incomplete Kawasaki disease, Kawasaki disease
shock syndrome and toxic shock syndrome.7 Similarly, between April 27 and May 11,
2020, there were 21 pediatric patients in Paris, France, admitted with Kawasaki-like
symptoms associated with SARS-CoV-2.8 In the United States, cases of MIS-C
were noted as early as March 2020.6 On May 14, 2020, the Centers for Disease Control
and Prevention outlined a health advisory that remarked on clinical features of MIS-C
and provided a case definition.9
Case Definition

The criteria for the proposed case definition of MIS-C are shown in Table 1. Per the
Centers for Disease Control and Prevention, even if individuals fulfill the criteria for
typical or atypical Kawasaki disease, yet meet the criteria for MIS-C, they should be
reported.9 Also, evidence of SARS-CoV-2 infection in any pediatric death should
prompt consideration for MIS-C.9
PATHOPHYSIOLOGY

In a study of 2135 children (median age, 7 years) diagnosed with COVID-19 in China,
the authors noted that SARS-CoV-2 seemed to cause less severe symptoms in children than adults, with more than 90% of children having asymptomatic, mild, or moderate infection.10 The reasons are unclear, but may in part be owing to age-related
nasal epithelium angiotensin-converting enzyme II receptor expression, limiting
SARS-CoV-2 host entry via its spike (S) protein.11,12 Although COVID-19 infection is
milder in the pediatric population, a small percentage of the infected or exposed
develop MIS-C, a potentially life-threatening condition in children.6
MIS-C seems to be temporally associated with COVID-19 infection with clinical
symptoms and features (see Table 1) developing between 2 and 6 weeks after exposure
to the virus.13–16 Case reports have demonstrated that children admitted for MIS-C
most often have positive serum immunoglobulin G (IgG) antibodies against SARSCoV-2 and are less frequently positive for reverse transcription-polymerase chain
reaction (RT-PCR), suggesting that MIS-C is likely a postviral hyperinflammation syndrome rather than an acute COVID-19 infection.7,8,13–15,17–21
Gruber and colleagues13 examined how MIS-C influences the immune system and
showed that, compared with pediatric patients with COVID-19, the inflammatory
response of MIS-C triggered high levels of cytokines (IL-17A, CD40) and chemokines
(CXCL5, CXCL11, CXCL1, CXCL6) that recruit natural killer and T cells. Further, it was
noted that patients with MIS-C had increased expression of CD64 on their neutrophils
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Table 1
Centers for Disease Control and Prevention case definition of MIS-C—all criteria must be met9
Criteria
1

Age <21 y
Fever
1elevated marker
of inflammation

Clinically severe
illness necessitating
hospitalization
Involvement of 2
organ systems
2

No other reasonable
diagnoses

3

Evidence of SARS-CoV-2
infection or exposure

38 C for 24 h or
subjective fever 24 h
Including, but not limited to:
C-reactive protein, erythrocyte
sedimentation rate, fibrinogen,
procalcitonin, D-dimer, ferritin,
LDH, IL-6, neutrophilia,
lymphocytopenia, hypoalbuminemia

Cardiovascular, renal, respiratory,
hematologic, gastrointestinal,
dermatologic, or neurologica

Positive SARS-CoV-2 infection by
RT-PCR, serology or antigen test
or COVID-19 exposure within 4 wk
before symptom onset

Abbreviations: LDH, lactate dehydrogenase; RT-PCR, reverse transcription-polymerase chain
reaction.
a
Features of multisystem involvement of 2 organ systems may include: cardiovascular (eg,
elevated troponin, elevated B-type natriuretic peptide, abnormal echocardiogram, shock,
arrhythmia), renal (eg, renal failure, acute kidney injury), respiratory (eg, acute respiratory distress
syndrome, pneumonia, pulmonary embolism), hematologic (eg, coagulopathy), gastrointestinal
(eg, vomiting/diarrhea, abdominal pain, gastrointestinal bleeding, ileus), dermatologic (eg, rash,
mucositis, erythroderma), neurologic (eg, seizure, aseptic meningitis, stroke).
(Table and contents adapted from the Centers for Disease Control and Prevention)9.

and CD161 nonclassical monocytes, which are typically seen in autoimmune and
autoinflammatory illnesses.13,22
Gruber and colleagues13 hypothesized that MIS-C as a result of SARS-CoV-2 results from the adaptive immune response. They tested MIS-C plasma IgG and immunoglobulin A against a microarray of more than 21,000 human peptides and found 189
peptides that cross-reacted as autoantigens.13 Interestingly, the tissue expression of
these autoantigens was from endothelial, cardiac, and gastrointestinal tract tissue,13
important sites of clinical involvement. Also noted, plasma IgG from patients with
MIS-C reacted with anti-La (seen in systemic lupus erythematosus [SLE] and Sjogren
syndrome) and anti–Jo-1 (seen in inflammatory myopathies) antigens.13 MIS-C pathophysiology may share some mechanisms with these autoimmune diseases13; however, further studies need to be conducted to assess whether MIS-C autoantibodies
cause an autoimmune pathology.
CLINICAL MANIFESTATIONS

In mid April 2020, the UK began reporting the first cases of 8 previously healthy children (mean age of 8 years) presenting with characteristics similar to incomplete Kawasaki disease or Kawasaki disease shock syndrome.7 Now recognized as MIS-C,
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symptoms included persistent fever, conjunctivitis, peripheral edema, rash, extremity
pain, and gastrointestinal distress with all the children advancing to distributive shock
requiring ionotropic agents.7 Since these initial reports from the UK, similar cases from
other European countries and the United States have emerged.6,8,13–15,18–20,23
In the United States, New York City was the first to report 15 cases of MIS-C. Similar
to the UK’s findings, all of the children (mean age of 12 years) had fever; 87% had
gastrointestinal symptoms such as vomiting, abdominal pain, and diarrhea; and less
than 50% presented with rash, conjunctivitis, and swollen hands and feet.18 As in
the UK, Riollano-Cruz18 and colleagues described 87% of children being hypotensive
with 60% requiring inotropic agents or vasopressors. In the UK, Riphagen and colleague7s noted that all but 1 child had cardiac involvement, mostly ventricular
dysfunction, and in New York City almost 90% of MIS-C cases had severe cardiac pathology with 80% demonstrating abnormal transthoracic echocardiogram results, with
27% showing left ventricular dysfunction.18
In another study by Feldstein and colleagues6 examining 186 pediatric patients with
MIS-C (median age of 8.3 years) in 26 US states, the authors noted 92% of children
with gastrointestinal involvement, 80% with cardiac involvement with 48% requiring
vasopressors owing to cardiogenic shock and 74% with mucocutaneous symptoms,6
consistent with findings of other case reports.7,18 After the initial appearance of MIS-C
cases in Europe and the United States, numerous other cases have been reported. Fever, abdominal symptoms (pain, emesis, diarrhea), skin rash, oropharyngeal mucosal
changes, hypotensive shock, conjunctivitis, cardiac dysfunction, and mucocutaneous
findings have been reported as symptoms and signs of MIS-C in the
literature.8,13–15,21,23–26
LABORATORY TESTS AND IMAGING FINDINGS

Markers of inflammation are prominent in MIS-C and common laboratory studies have
been obtained in various case reports with similar reported findings. These include elevations in the erythrocyte sedimentation rate, C-reactive protein, D-dimer, ferritin,
fibrinogen, B-type natriuretic peptide, troponin, international normalized ratio, prothrombin time, lactate dehydrogenase, partial thromboplastin time, IL-6, IL-8, and procalcitonin, in addition to anemia, thrombocytopenia, hypoalbuminemia, hyponatremia,
leukocytosis with neutrophilia, and lymphopenia.6,8,13,14,16,18,20,21,23,26–31 These laboratory studies should be considered to help aid in the diagnosis of MIS-C.
In addition to the laboratory testing cited, an electrocardiogram, and echocardiogram should be obtained at baseline for suspected or confirmed patients with MISC given arrythmias, cardiac ventricular dysfunction, coronary artery aneurysms, and
coronary artery dilation have been observed.6–8,14,15,20,21,23,25,29 Table 2 specifies
the laboratory and imaging studies that should be considered for a suspected case
of MIS-C.
KAWASAKI DISEASE VERSUS MULTISYSTEM INFLAMMATORY DISEASE IN
CHILDREN

Kawasaki disease is an acute self-limited systemic small- and medium-sized vessel
vasculitis in those typically 6 months to 5 years of age32–34 with the clinical features
presented in Table 3. Although the cause remains unknown, it is hypothesized that
an infection may trigger the hyperinflammatory response seen in Kawasaki disease,17
as does SARS-CoV-2 in MIS-C.13–16 Kawasaki disease can be further distinguished
into complete Kawasaki disease, incomplete Kawasaki disease, and Kawasaki disease shock syndrome, with some of their features presenting in MIS-C.6,8,18,20 For
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Table 2
Laboratory testing/imaging for suspected MIS-C4,6–8,14,15,18,20,21,23,25,29,42,71
Laboratory testing/Imaging

Values/Features

CMP

Na <135 mmol/L
Albumin  3 g/dL

CBC with differential

Absolute lymphocyte count <1.0K cell/mL
Platelets <150,000 cells/mL
Neutrophilia

Erythrocyte sedimentation rate

40 mm/h

C-reactive protein

3 mg/dL

BNP or NT-proBNP

>200 pg/mL

Troponin T

Elevated

Procalcitonin

Elevated

Fibrinogen

>400 mg/dL

Ferritin

>600 ng/mL

AST/ALT

At least 2 times the upper limit of normal

Albumin

<3 g/dL

LDH

Elevated

Urinalysis: IL-6/IL-8

Elevated

Coagulation studies
International normalized ratio
Prothrombin time
Partial thromboplastin time

International normalized ratio > 1.1

D-Dimer

>3 mg/L

SARS-CoV-2

RT-PCR positive
Antigen test positive
Serology (IgG, immunoglobulin A, IgM)
positive

Electrocardiogram

Arrythmias

Echocardiogram

Cardiac ventricular dysfunction,
coronary artery aneurysm,
coronary artery dilation

Abbreviations: CMP, comprehensive metabolic panel; CBC, complete blood count; NTproBNP, N-terminal-pro hormone BNP; AST, aspartate aminotransferase; ALT, alanine aminotransferase; IgM, immunoglobulin M; LDH, lactate dehydrogenase.

example, in their study of 186 patients with MIS-C, Feldstein and colleagues6 report
that 40% of patients having Kawasaki disease-like symptoms, and Toubiana and colleagues8 describe that 52% of patients with MIS-C meeting complete Kawasaki disease criteria, 48% meeting incomplete Kawasaki disease criteria, and 57%
developing Kawasaki disease shock syndrome. Table 3 demonstrates the criteria
for complete Kawasaki disease and incomplete Kawasaki disease.
In addition to the features described in Table 3, the liver, joints, lungs, central nervous system, and gastrointestinal tract can also be affected in Kawasaki disease.17
Kawasaki disease shock syndrome includes the features of Kawasaki disease in addition to a 20% systolic blood pressure decrease compared with the patient’s age group
or signs of hypoperfusion.35,36 Overlapping features and differences exist between
Kawasaki disease and MIS-C. Table 4 compares and contrasts Kawasaki disease
and MIS-C.
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Table 3
Complete Kawasaki disease versus incomplete Kawasaki disease3,6,24,32
Disease

Features/Criteria

Complete
Kawasaki disease

Elevated fever  5 d
AND
At least 4 of 5 of the following:
Bilateral nonexudative conjunctivitis
Oropharyngeal mucosal changes
Cervical lymphadenopathy >1.5 cm
Redness and swelling of the hands and feet
Erythematous rash

Incomplete
Kawasaki disease

Elevated fever 5 d
AND
At least 2 of the 5 characteristics in complete
Kawasaki disease (see above)
AND
C-reactive protein of 3 mg/dL or erythrocyte
sedimentation rate of 40 mm/h
AND
3 of the following laboratory abnormalities
Low hemoglobin for age
Platelets of 450,000 after fever for 7 d
Albumin of 3 g/dL
White blood count of 15,000/mm3
ALT of >40 U/L
OR
Cardiac involvement on echocardiogram
(eg, coronary artery aneurysms, ventricular dysfunction)

Children with MIS-C and Kawasaki disease shock syndrome tend to have higher
C-reactive protein, platelet count, creatinine, N-terminal-pro hormone B-type natriuretic peptide, and troponin levels than those with Kawasaki disease, as well as cardiac ventricular dysfunction.17 Untreated, 20% to 25% of Kawasaki disease cases will
develop coronary artery aneurysms,32,33 whereas in MIS-C and Kawasaki disease
shock syndrome, cardiac ventricular dysfunction is more commonly seen.7,14,20 In Kawasaki disease, high levels of IL-1 are typically seen, whereas in MIS-C IL-6 and IL-8
are increased, as demonstrated by all 15 MIS-C cases in the study by Riollano-Cruz
and associates18 having high levels of IL-6 and IL-8, and normal IL-1 levels. These
findings, in combination with Table 4, demonstrate that Kawasaki disease and MISC, although sharing similar features, are separate entities.
MULTISYSTEM INFLAMMATORY DISEASE IN CHILDREN TREATMENT

Various treatment options exist for MIS-C (Table 5) and many intersect with strategies
used for Kawasaki disease. A combination of intravenous immunoglobulin (IVIG) and
aspirin are the first-line treatments in the healing process of Kawasaki disease.32,33
IVIG comprises pooled human IgG antibodies that may work through neutralizing antigens,37 inhibit proliferation of antigen-specific T cells,38 prevent the interaction between endothelial and natural killer cells,39 and induce the secretion of IL-8 and IL-1
receptor antagonist .40 IVIG has been shown to decrease fever more quickly and
decrease the development of coronary artery aneurysms, whereas aspirin aids in
decreasing inflammation and inhibiting platelet aggregation in Kawasaki disease.33
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Table 4
Comparing/contrasting Kawasaki disease and MIS-C6–8,14–18,20,21,23,25,27,29,31–33,41
Common
similarities

Hyperinflammation
Fever, conjunctivitis,
oropharyngeal mucosal
changes (eg, red cracked
lips, strawberry tongue)
cervical lymphadenopathy,
rash, red and/or
swollen hands and feet

Common
differences

Kawasaki Disease

MIS-C

Demographics

Tend to be of East Asian
descent, younger (<5 y)

Tend to be Hispanic/Latino,
Black/African/Afro-Caribbean
descent, Older (around 6–14 y)

Symptoms/signs

Fewer gastrointestinal symptoms

Tend to have more gastrointestinal
upset (pain, emesis, diarrhea),
hypotension/shock

Laboratory
findings

IL-1 > IL-6, leukocytosis with
neutrophilia,
thrombocytosis

IL-6 > IL-1, lymphopenia,
thrombocytopenia, higher:
ferritin, C-reactive protein,
NT-proBNP, troponin

Cardiac
involvement

Tend to have more coronary
artery aneurysms

Tend to have more cardiac
ventricular dysfunction

Abbreviations: NT-proBNP, N-terminal (NT)-pro hormone BNP.

Owing to the similarities between MIS-C and Kawasaki disease, IVIG and aspirin have
been used in the treatment of MIS-C.7,8,18,20,25 The American College of Rheumatology MIS-C task force recommends using high-dose IVIG (2 g/kg) in patients with
MIS-C requiring hospitalization and/or fulfilling the Kawasaki disease criteria, in addition to aspirin if there are no contraindications.41
Riollano and colleagues18 used IVIG and aspirin when Kawasaki disease criteria
was met or in those with evidence of cardiac injury. Dufort and colleagues15 analyzed
MIS-C cases in New York state between March and May 2020 and noted that 70% of
patients were given IVIG as part of the treatment regimen. Further, Toubiana and colleagues8 described 21 pediatric patients with MIS-C with gastrointestinal symptoms
likely related to bowel vessel vasculitis who all received IVIG with resolution of their
symptoms thereafter. Verdoni and colleagues20 also reported 10 patients between
February and April 2020 who all received IVIG in addition to either aspirin or methylprednisolone or both with good response. Corticosteroids tend to be added to the
treatment regimen when patients with MIS-C are in shock, if there is an increased
risk of developing coronary artery aneurysms, or if the patient is considered high
risk, presenting with features similar to incomplete Kawasaki disease.14,25 Steroids
should also be considered when fevers persist for more than 24 hours after IVIG
treatment.42
Several second -line treatments such as biologics and antiviral analogs are used for
MIS-C.18,23 Remdesivir, an antiviral nucleoside analog, is given to those who meet
compassionate use criteria, especially in those who have a positive PCR or presentation typical of COVID-19 infection.18,23,27 Markedly, biologic agents tocilizumab, an
anti–IL-6 receptor monoclonal antibody (anti–IL-6R), and anakinra, a recombinant human IL-1 receptor antagonist, have been used for refractory MIS-C not responding to
IVIG,18,42 just as anakinra has been used in IVIG-resistant Kawasaki disease43,44 and
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tocilizumab for juvenile idiopathic arthritis.45 Guidelines from the Inova health system
recommend that anakinra be given for refractory MIS-C when fevers persist for more
than 24 hours after IVIG or steroids and ferritin levels are greater than 1000 ng/mL or
for worsening echocardiogram findings, whereas tocilizumab should be given for MISC refractory to anakinra.42
In their study, Riollano and colleagues18 report tocilizumab and anakinra use for patients with MIS-C with hemodynamic instability and rapid clinical deterioration. Some
patients with MIS-C received anakinra for unresolving severe inflammation, respiratory
distress, persistent fevers, thrombocytopenia, or unresolving cardiac dysfunction.14,29,31 Further, some received tocilizumab for high IL-6 levels, which play a part
in the cytokine storm and the subsequent myocardial injury seen in MIS-C.23 In a series of 9 patients with MIS-C in New York City between April and June 2020, all were
treated with either IVIG or tocilizumab within 1 day of admission with resolution of their
symptoms leading to favorable outcomes and a median 6-day admission.13
Waltuch and colleagues46 describe case reports in children with MIS-C treated with
IVIG and biologic agents. In 1 case, a 13-year-old patient presented with features of
atypical Kawasaki disease, toxic shock syndrome, and COVID-19 cytokine storm
with elevated IL-6 levels for which he was treated with IVIG, anakinra, and tocilizumab.46 In another case, a 10-year-old boy with elevated IL-6 levels was treated with
IVIG and tocilizumab for atypical Kawasaki disease and cytokine storm, respectively.46 Balasubramanian and colleagues47 report a case of an 8-year-old boy with
MIS-C presenting with features of toxic shock syndrome and Kawasaki disease
who was initially treated with IVIG and then tocilizumab 72 hours later owing to
continued high-grade fevers and elevated C-reactive protein. At 12 hours after
receiving 8 mg/kg IV tocilizumab infused over 2 hours, his fevers improved and his
markers of inflammation normalized. Alongside other case reports and studies, the authors demonstrate that tocilizumab seems successful in decreasing the hyperinflammatory response in IVIG refractory MIS-C.47
In addition to using anakinra and tocilizumab as treatments for MIS-C, in a case series Whittaker and colleagues report that 8 of 58 patients with MIS-C received infliximab, a tumor necrosis factor (TNF)-alpha antagonist.21 Similarly, Dolinger and
colleagues48 describe a 14-year-old boy presenting with active Crohn’s disease and
MIS-C with high levels of IL-6, IL-8, and TNF-alpha levels with a deteriorating clinical
course including hypotension, tachycardia and persistent fevers. To treat both the
Crohn’s disease and the MIS-C in the setting of elevated TNF-alpha levels, 10 mg/
kg infliximab was given with resolution of the fevers, hypotension, and tachycardia
within hours, normalization of TNF-alpha levels, and a decrease in other cytokine
levels.48 In another study by Abdel-Haq and coworkers,49 infliximab was used as a
second-line therapy in 12 of 22 critically ill patients with MIS-C (median age of 7 years)
with myocardial dysfunction refractory to IVIG, or persistent inflammation/fever with
consequent improvement after treatment. These studies suggest that infliximab may
be another beneficial treatment for MIS-C in those presenting with worsening systemic
signs and high cytokine levels.
In a cohort of 185 patients with MIS-C, Feldstein and colleagues6 reported that 77%
of patients received IVIG, 49% received steroids, 8% received tocilizumab or siltuximab (anti–IL-6R), and 13% received anakinra. Similar studies examining patients with
MIS-C used treatments that also included a combination of IVIG, aspirin, steroids,
and/or IL-6 and IL-1 inhibitors.14,18,20,23,25 Similarly, an 11-year-old girl with MIS-C
and elevated IL-6 levels significantly improved within 24 hours after combination treatment with tocilizumab, convalescent plasma, remdesivir, steroids, and IVIG with resolution of fevers, tachycardia, and discontinuation of pressor support.50
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Table 5
Treatment strategies to be considered in MIS-C4,7,8,13,14,18,20,23,25,27,29,41,42
Therapy

Dosage/Duration

Indication

IVIG (neutralizes
autoantibodies)

Single 2 g/kg/d infusion 1
over 10–12 h
Refrain from giving a second
dose for refractory MIS-C
owing to potential volume
overload and hemolytic
anemia risk
3–5 mg/kg/d for at least 4–6 wk
until inflammatory markers,
platelet count and
echocardiogram findings
have normalized

KD-like illness
Cardiac involvement
Severe hyperinflammation
(ferritin of >700 ng/mL,
C-reactive protein of >30 g/
dL)
Multisystem organ failure

1–2 mg/kg/d prednisolone or
methylprednisolone for 5 d
followed by a 2-wk taper
Consider high dose
methylprednisolone 10–
30 mg/kg/d (max 1 g) IV for
3 d with taper in those with
shock

Adjunct to IVIG in those with
severe disease/high risk
Infants, C-reactive
protein of >130 g/dL,
echocardiogram Z
score of >2.5 or aneurysms,
shock
Refractory disease

Weight < 30 kg 5 12 mg/kg/
dose 1
Weight  30 kg 5 8 mg/kg/
dose (max 800 mg) 1
Repeat 12 h later if needed
2–4 mg/kg/d IV or SQ (max
100 mg/dose)
10 mg/kg IV

Refractory to IVIG and steroids
or contraindication to IVIG/
steroids
Hemodynamic instability or
acute clinical
decompensation
Persistent hyperinflammation

Remdesivir (antiviral
nucleoside analog)

5 mg/kg load IV once (max dose
200 mg) on day 1, then
2.5 mg/kg (100 mg max dose)
IV daily for 9 d

Presentation consistent with
SARS-CoV-2 infection
AND/OR
Positive RT-PCR for COVID-19

Anticoagulation

Consult hematology for
appropriate dosing
Continue for at least 2 wk after
discharge

Consider for moderate to
severe LV dysfunction (LVEF
of <35%)
Coronary artery aneurysm
z-score of 10b
Thrombosis
Critically ill patients

Aspirina

Steroids

Biologics
Tocilizumab (anti–IL-6R)c

Anakinra (anti–IL-1R)
Infliximab (TNF-alpha
antagonist)

Abbreviations: anti–IL-1R, interleukin-1 receptor antagonist; IVIG, intravenous immunoglobulin;
KD, Kawasaki disease; LV, left ventricular; LVEF, left ventricular ejection fraction; SQ, subcutaneous;
TNF, tumor necrosis factor.
a
Platelet count should be 80,0000 cells/mL to give aspirin and it should be avoided in active
bleeding or in those with high bleeding risk. For the acute phase of illness, some institutions
recommend aspirin 30 to 80 mg/kg/d divided 4 times a day and 3 to 5 mg/kg/d for at least 4 wk
once afebrile for 24 to 72 h.
b
Continue lifelong therapy for coronary artery aneurysm z-score of 10.
c
American College of Rheumatology MIS-C task force does not recommend tocilizumab for
most COVID-19 pediatric patients based on randomized control adult studies in those with
COVID-19 pneumonia that show this medication does not decrease mortality at 28 d and instead
prefer Anakinra.
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Interestingly, in the United States 5% of patients who present with Kawasaki disease require vasoactive support for cardiogenic shock, whereas Feldstein and colleagues6 report almost 50% of their patients with MIS-C needing such agents,
highlighting that MIS-C tends to cause more shock than Kawasaki disease. Vasopressors and ionotropic agents were widely used in those having shock with MIS-C in
other case reports.14,15,18,19,24 Further, anticoagulation, most notably enoxaparin,
has been used in the treatment of patients with MIS-C as either prophylaxis or in those
with high D-dimer, fibrinogen, electrocardiogram changes, left ventricular dysfunction,
or coronary artery abnormalities.18,23,25
RHEUMATOLOGIC MANIFESTATIONS OF SARS-CoV-2

COVID-19 has been shown to cause a hyperinflammatory response in children (MISC),7 similar to how rheumatologic disorders such as juvenile idiopathic arthritis and
SLE may induce a hyperinflammatory state like in macrophage activation syndrome
(MAS).51 SARS-CoV-2 enters cells via the host angiotensin-converting enzyme II receptor that, in addition to the respiratory tract, can be found in skeletal muscle,
smooth muscle, synovial fluids, small vessel endothelium, and bowel tissue causing
symptoms such as fatigue, myalgia, and arthralgias, which are also seen in rheumatologic pathology.52 Viral infections can trigger rheumatologic diseases,52 and case reports have demonstrated that SARS-CoV-2 infection may trigger rheumatologic
entities in children and adolescents such as SLE, arthritis, MAS, chilblains, and antiphospholipid syndrome.20,53–55 Understanding that COVID-19 may present with or
potentially precipitate rheumatologic manifestations aides in improving patient care
by expanding the differential diagnosis to enhance treatment plans and to consider
COVID-19 infection as part of the work-up in an individual presenting with newonset rheumatologic disease in correlation with the clinical picture.
COVID-19 AND MACROPHAGE ACTIVATION SYNDROME

MAS is characterized by high serum ferritin levels and cytokines causing hyperinflammation leading to multiorgan failure, similar to what is seen in MIS-C.20,56 In their case
series, Verdoni and colleagues20 describe a group of children diagnosed with
Kawasaki-like disease in which 50% also met MAS criteria in the setting of SARSCoV-2 exposure (80% with positive IgG serology). SARS-CoV-2 infection induces a
hyperinflammatory syndrome as seen in MIS-C, which has similar features to MAS,
a hyperferritinemic syndrome where macrophage activation allows for high levels of
ferritin release (ferritin of >300 ng/mL).51,56 MAS, commonly treated by rheumatologists, already has established treatment methods (such as steroids, anakinra and tocilizumab)27 and understanding the overlapping clinical features and pathogenesis
between MAS and MIS-C will likely aid in the treatment strategies for this new inflammatory entity.
COVID-19 AND NEW-ONSET SYSTEMIC LUPUS ERYTHEMATOUS

Systemic lupus erythematous is a relapsing and remitting chronic multisystemic autoimmune disorder resulting from autoantibodies against host cytoplasmic and nuclear
antigens that can be triggered by viral infections.53,57 Mantovani and colleagues53
described the first case of an 18-year-old Hispanic girl with a positive COVID-19
PCR result with a past medical history of autism and panic disorder presenting with
new-onset SLE and probable antiphospholipid syndrome. The patient presented
with shortness of breath, productive cough, fevers, upper respiratory symptoms,
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pericardial effusion, and fatigue with consequent hemodynamic instability leading to
cardiac arrest with ROSC.53 RT-PCR for SARS-CoV-2 was negative twice and, owing
to continued high clinical suspicion for COVID-19 infection, she was retested a third
time with RT-PCR resulting positive.53 During her hospital course, she developed kidney failure and had lymphopenia, anemia, proteinuria, and hematuria.53 Also, she was
found to have positive serology for antinuclear antibodies (1:2560), anti–double
stranded DNA, low complement (C3 and C4) levels, leading to a diagnosis of SLE
based on the American College of Rheumatology/European League Against Rheumatism 2019 criteria.53 Further, she was treated for possible antiphospholipid syndrome
in the setting of multiple deep venous thromboses and thrombocytopenia in the
setting of anticardiolipin antibodies and positive lupus anticoagulant.53
Adaptive immunity in SLE does not function as well as in healthy individuals and thus
may be further weakened by COVID-19.53 SLE decrease the T helper cell type 1
response by impairing the production of cytokines such as IL-1, IL-2, and TNFalpha.53 This process causes a less effective T helper cell type 2 response to evade
viruses owing to SLE causing increased autoantibodies and heightened autoreactivity
of helper, cytotoxic T cells, and B-cell differentiation.53 This concept of changing from
a T helper cell type 1 response to a T helper cell type 2 response owing to autoreactivity and autoantibodies altering cytokine profiles has been seen in HIV and may
explain the autoimmune phenomena seen in COVID-19.53
COVID-19 AND NEW-ONSET CUTANEOUS LESIONS

Chilblain-like lesions have been described as vaso-occlusive erythematous to purpuric, violaceous-edematous lesions with cyanotic areas on the toes, hands, and fingers
measuring between 5 and 20 mm in diameter.54,58–63 Outbreaks of chilblain-like lesions, also known as pseudo-chilblain, pernio-like, acute acro-ischemia, or COVID
toes have been increasingly documented in the setting of the SARS-CoV-2
pandemic,54,58–60,64 associating a potential relationship between the lesions and the
virus. To further demonstrate this correlation, in a study by Colmenero and colleagues,65 skin biopsies from 7 children showed lymphocytic vasculitis and immunohistochemistry demonstrated SARS-CoV-2 in the endothelial and epithelial cells of
eccrine glands. Moreover, in a case series of 19 adolescents (mean age 14 years)
with chilblain-like lesions, El Hachem and colleagues66 report positive immunoglobulin
A serology for the S1 domain of the COVID-19 spike protein.
Chilblains tend to be more common in adults than children resulting from an inflammatory vascular response.54 Cold, nonfreezing temperatures typically induce primary
chilblains, whereas secondary chilblains can be due to autoimmune disorders and
viral infections.54,58 The term chilblain-like has been used given these lesions do not
seem to be precipitated by cold and there is typically no prior personal history of these
cutaneous manifestations, even though they look similar to chilblains.54,58,67 In Italy,
Piccolo and colleagues58 reported 63 healthy patients (median age of 14 years) with
erythematous–edematous chilblain-like lesions mostly affecting the toes and soles
(85.7%), but also observed on the hands. Although 25.4% of the lesions were asymptomatic, there was pain and pruritis in more than 50% of cases.58 In the study, it was
difficult to attain COVID-19 status for all cases; however, some patients had either
positive serology or PCR or both, although others in the study had individuals they
lived with that were positive for SARS-CoV-2.58 In another case report, Locatelli and
colleagues67 describe a 16-year-old boy who tested positive by RT-PCR for SARSCoV-2 with erythematous–edematous macules and plaques on the fingers and toes
with histology consistent with chilblains.
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COVID-19 can cause a type I interferon response that in turn causes microvascular
injury as seen in chilblains and retinal vasculitis. Interestingly, Quintana-Castanedo
and coworkers63 report the first case of an otherwise healthy asymptomatic 11year-old boy presenting with a 2-week history of chilblains on his dorsal toes bilaterally
and retinal vasculitis in the setting of positive IgG serology to SARS-CoV-2. An eye examination was performed as routine owing to possible thromboembolic events owing
to COVID-19.63 Further, in a case series during the highest COVID peak in northern
Spain where 85.2% of cases were less than 21 years of age (median age of 14 years)
with no history of rheumatic disease, Gómez-Fernández and associates68 reported
chilblain-like lesions with positive cryofibrinogen proteins in 68.2% of patients between the ages of 0 and 20 years. This finding could potentially suggest that cryofibrinogenemia may play a role in the pathogenesis of chilblains owing to COVID-19.68
Gallizzi and colleagues69 report 9 cases of chilblain-like lesions during the COVID19 outbreak in Italy in children aged 5 to 15 years old with more than 50% experiencing
systemic symptoms around 2 weeks before developing the lesions. Antinuclear antibodies and antiphospholipid antibodies were positive in 4 children.69 One child with a
history of Raynaud phenomenon a few years prior was noted to be positive for extractable nuclear antigens autoantibodies SS-A and rheumatoid factor, in addition to antinuclear antibodies (1:5120), leading the authors to diagnose him with a connective
tissue disorder and, although it is hard to say, COVID-19 could have potentially
been the trigger given the timing of the onset of events.69
Piccolo and colleagues58 reported only 6 of 63 patients with an autoimmune disorder, and other case reports reported similar findings,54,60,67 suggesting that chilblainlike lesions are likely not due to an underlying rheumatic disease, but rather exposure
to SAR-CoV-2 infection. Chilblain-like lesions seemed to manifest after systemic
symptoms, such as gastrointestinal and respiratory distress, headache, and
fever,54,58,59,62,67 and can present with itchiness and pain.54,59,62 Typically, these patients were negative for COVID-19 PCR or serology; however, there were patients in
case reports who had coinhabitants with confirmed COVID-19 infection, upper respiratory tract symptoms, or potential COVID-19 exposure from family that worked
closely with these patients.54,58,59,61,62 Further, in a case series of 20 pediatric patients
with Chilblain-like lesions, RT-PCR and serology were negative for COVID-19.70 PCR
and serology seem to be negative in those presenting with Chilblain-like lesions, and
this observation seems to indicate that the lesions are a late manifestation of COVID19.54,62,68 Observing chilblain-like lesions in a pediatric patient may prompt an investigation of previous COVID-19 infection and help to mitigate efforts for surveillance and
screening of this virus.
COVID-19 AND NEW-ONSET ARTHRITIS

Reactive arthritis tends to occur in men between the ages of 20 to 50 years.55 It is
also a postinfectious arthritis with sterile synovial fluid mostly occurring secondary
to sexually transmitted or gastrointestinal infections and less commonly from viral
infections.55 Houshmand and colleagues55 describe a case of a 10-year-old boy
with positive SARS-CoV-2 RT-PCR presenting with a 1-week of history of fever
and urticaria and 5 days of swelling and pain in his bilateral knees and right elbow.
Other than morning stiffness and pain with movement, he had no other systemic
symptoms.55 On physical examination, he had warmth, tenderness, swelling, and
decreased range of motion of affected joints.55 His rheumatoid factor and antinuclear antibodies were normal and knee joint aspiration did not reveal any fluid.55
He improved with supportive treatment and antihistamines.55 Although difficult to
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discern whether SARS-CoV-2 infection induces reactive arthritis, this case describes potential postviral arthritis, likely owing to COVID-19 in the setting of positive
serology.55
SUMMARY

SARS-CoV-2 continues to spread widely around the world. The more we learn about
COVID-19, including its presentation and pathophysiology, the better its features
become recognized to diagnose and treat its manifestations. In children, the
Kawasaki-like disease, multisystem inflammatory syndrome, causes severe lifethreatening symptoms. Although not common, several case reports have documented
new-onset rheumatologic disease in children concerning SARS-CoV-2 infection, such
as SLE, arthritis, and MAS. Rheumatologists commonly treat hyperinflammation syndromes and these same therapies have been used to direct treatment for the severe
hyperinflammation seen in COVID-19. As reviewed in this article, the literature documents rheumatologic manifestations owing to prior SAR-CoV-2 infection in children.
Although it is difficult to pinpoint definitively whether the virus triggered these rheumatologic presentations, these cases raise awareness that there could be a link between
COVID-19 and new-onset rheumatologic diseases, which will help to guide future
research efforts to further understand this correlation, establish diagnoses, and initiate
treatment plans.
CLINICS CARE POINTS

 Children with COVID-19 infection generally have asymptomatic or mild disease.
 MIS-C is a severe post–COVID-19 syndrome similar to Kawasaki disease, but differing in
several ways.
 COVID-19 can cause an inflammatory vascular response leading to chilblains in children.
 Flares of existing or new onset of rheumatologic diseases have been reported in children
with COVID-19.
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of cryofibrinogenemia in patients with chilblains during the COVID-19 outbreak.
Int J Dermatol 2020;59(12):1475–84.
69. Gallizzi R, Sutera D, Spagnolo A, et al. Management of pernio-like cutaneous
manifestations in children during the outbreak of COVID-19 [published online
ahead of print, 2020 Sep 19]. Dermatol Ther 2020;33(6):e14312. https://doi.org/
10.1111/dth.14312.
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INTRODUCTION

The severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) has caused critical coronavirus disease 2019 (COVID-19) most often in the elderly and individuals with
comorbid medical conditions. Although growing evidence supports the importance of
an intact innate immune response at the onset of viral infection, mortality caused by
dysregulated immune responses, particularly in adults, has shown a spotlight on the
delicate balance of a robust, but coordinated and controlled, immune activity against
infection.1 The pathologic role of the immune system has also been emphasized by the
new multisystem inflammatory syndrome in children (MIS-C), which currently is
believed to be a result of an aberrant adaptive immune response to SARS-CoV-2
infection.2 The necessity of this immune equilibrium has manifested in the clinical
care of severe COVID-19 and MIS-C with administration of immune suppressants to
offset inappropriate immune activation.
This complex network of infection, immune response, and inflammation with SARSCoV-2 has created concerns, questions, and challenges for immunocompromised
children beyond fear of death from contracting SARS-CoV-2. This review examines
how adaptations by health care systems to reduce SARS-CoV-2 transmission and
treat the surge of COVID-19 patients impacted immunocompromised pediatric patients. While expansion of some services, such as telemedicine, provided a new
safe venue to provide care for some patients, contraction of other services or parental
anxiety to present to medical care units resulted in impaired access for other patients.
We will also examine how the perceived danger of severe infection early in the
pandemic triggered modifications of immune suppression, with negative ramifications
in some patients, and the impact of prolonged quarantine-intensified psychosocial
concerns in children and adolescents.
In addition, this publication will examine questions commonly faced among health
care providers including how to test for SARS-CoV-2 with high sensitivity, how to treat
active SARS-CoV-2 infection in immunocompromised youth, how to consider the
safety and efficacy of COVID vaccine for the immunocompromised, and how to provide medical and psychosocial support while reducing infectious exposure in immunocompromised children. The outcomes of SARS-CoV-2 in immunocompromised
patients to date are also reviewed. Lessons learned caring for immunocompromised
children during the pandemic, including some unforeseen benefits of the lockdown,
are presented as valuable education for providers caring for both healthy and sick
children.
Testing for SARS-CoV-2 Infection in Immunocompromised Patients

Despite the potential for an altered immune response to SARS-CoV-2, asymptomatic
presentations are common in pediatric immunocompromised patients (13%–62% in
published cohorts; Table 1), emphasizing that the lack of signs and symptoms does
not rule out infection. However, identifying SARS-CoV-2 infection is especially important in patients with immune deficits, where decisions on admission, treatment, and
procedures may be dependent on ruling out acute infection. In addition, given that
many immunocompromised children receive care in proximity to other immunocompromised patients in infusion centers or inpatient wards, using high-sensitivity testing
is critical to curb exposures.
To that end, the Infectious Disease Society of America (IDSA), in recommendations
from January 2021,3 specifically recommends SARS-CoV-2 RNA testing in asymptomatic immunocompromised patients being admitted to the hospital and before hematopoietic stem cell (HSCT) or solid organ transplant (SOT) regardless of COVID-19
Downloaded for Anonymous User (n/a) at Egyptian Knowledge Bank from ClinicalKey.com by Elsevier on September 19,
2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.

Country and
Study Period

Study Design

Testing Strategy
(%) and Detection
(% Positive)

Patients Characteristics
(%)

Clinical Course (%)

Treatment (%)

Outcomes (%)

Cancer and hematopoietic stem cell transplant
Czech
Republic105
Up to 3/16/20

Care provider
survey;
32 centers

>200 tested patients;
8 positive cases

8 patients: 7 ST, 1 ALL

All patients
asymptomatic
or had mild
symptoms

2 HCQ, 2 AZI, 1 LPV/r

No deaths or
ICU admissions

US (NY)106
3/10/20–4/6/20

Retrospective
cohort;
2 centers

Asymptomatic (before
admission, before
procedure, before
chemotherapy,
contact, transfer),
symptomatic (84);
NP PCR; positive
cases (11)

19 patients:
Leukemia/lymphoma
(32), ST (42),
nonmalignant
hematology (16),
HSCT (11)

Asymptomatic (16),
MV (2), ICU (26)

HCQ 1 AZI (16);
Cancer-directed
therapy delayed
in oncology
patients (64)

No deaths in
oncology
patients;
1 sickle cell
patient died

Spain107
Up to 4/15/20

Retrospective
cohort in
Madrid

NP PCR

15 patients: ALL (53),
AML/MDS (13),
lymphoma (7), NBL
(7), ST (20)

Asymptomatic (13),
mild/moderate (87)

HCQ (73);
chemotherapy
delayed (40)

No deaths or
ICU admission
at time of
report

Italy60
Retrospective
2/20/20–4/15/20
cohort in
Lombardia;
6 centers

Asymptomatic (74):
screening (65) or
close contact (9);
positive cases (7)

21 patients: leukemia
(48), lymphoma
(10), CNS (5), ST (38)

Severe (10)

Cancer treatment
modified (48)

No deaths

France108
Up to 4/16/20

NP PCR or CT;
33 cases identified
and only reporting
5 severe cases

5 patients: 3 ALL,
1 allo-HSCT, 1 CNS

All 5 patients
admitted to ICU

N/A

No deaths at
time of
reporting

Physician
survey;
30 centers

(continued on next page)
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Testing Strategy
(%) and Detection
(% Positive)

Patients Characteristics
(%)

Italy35
Registry study;
2/23/20–4/24/20
13 centers

Asymptomatic (before
chemotherapy or
procedure) or
symptomatic; NP PCR
or bronchoalveolar
lavage

29 patients: ALL (48),
AML (7), lymphoma
(10), CNS (3), ST (28),
histiocytosis (3); 3
patients also had
HSCT (10)

United States Retrospective
(NY, NJ)12
cohort;
1/15/20–4/27/20
13 centers

France52
Up to 5/28/20

Country and
Study Period

Study Design

Retrospective
and
prospective
cohort;
multicenter

Clinical Course (%)

Treatment (%)

Outcomes (%)

Asymptomatic (62),
mild (24),
moderate (14),
severe/critical (0)

HCQ (31), AZI (31),
LPV/r (10), GC (3);
treatment
suspended (55)
or reduced/
delayed (7)

No deaths or ICU
admissions;
1 lymphoma
patient had
progression
after
chemotherapy
withdrawal
due to COVID

98 patients: ALL (53),
Asymptomatic (before
AML (9),
procedure, treatment)
lymphoma (3),
and symptomatic; NP
CNS (9), NBL (5),
PCR; 578 tested, 98
ST (16), autopositive cases (17)
HSCT (5), alloHSCT (3);
obese (22)

Asymptomatic (25),
mild (45),
moderate (11),
severe (17), ICU (23),
MV (8)

HCQ (15), AZI (15),
TCZ (5), RDV (4),
CVP (2), ANR 1
GC (1);
interruptions to
chemotherapy (67)

Died (4) – none
solely due to
COVID

37 patients; ALL (27),
NP PCR (92),
AML (3), CML (3),
serology (5),
NHL (3), CNS (19),
clinical 1 radiological
ST (30), NBL (3);
diagnosis (3)
HSCT (11);
1 patient each
for aplastic anemia,
sickle cell, EBV-MAS,
familial septic
granulomatosis

Asymptomatic (24),
ICU (15), MV (5)

HCQ (5), RDV (3),
TCZ (5); treatment
delayed in oncology
patients (48) for a
mean of 14 d

1 Patient with
ALL died (3)
from severe
macrophage
activation
syndrome
with COVID
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Table 1
(continued )

Asymptomatic (contact
history, before HSCT,
before surgery)
and symptomatic;
NP PCR or
symptomatic 1
chest CT findings/
contact history

Egypt47
mid-April to
mid-June
2020

NP PCR conducted on all 15 patients: ALL (67),
admitted pediatric
AML (7),
oncology patients
lymphoma (13),
SOT (13)

Asymptomatic (33),
mild (67)

HCQ, AZI, ceftriaxone, Died (13) – not
related to
enoxaparin used
COVID; 1 new
per hospital
oncology
guidelines;
diagnosis
chemotherapy
patient died
revised on individual
from treatment
basis
delay related
to COVID

Mexico11
Retrospective
3/20/20–6/20/20
cohort;
1 center

Only symptomatic
tested; PCR; positive
cases (58)

14 patients:
leukemia (63),
lymphoma (7),
ST (21), CNS (7)

Oxygen required (80),
no ICU or MV

Cancer treatment
delayed until
negative PCR

Peru109
3/6/20–7/7/20

PCR (49), serology (33),
not reported (18)

69 patients: ALL (52),
AML (4), lymphoma
(7), CNS (5), ST (14),
other (17)

AZI/IVM/GC (13);
Asymptomatic (54),
chemotherapy
ICU (4), but 2 patients
stopped (100)
who died did not have
ICU beds available

54 patients: ALL (44),
AML (7),
lymphoma (4),
CNS (9), NBL (11),
ST (19), other (6)

Asymptomatic (28),
mild (63),
moderate (2),
severe (2), critical (6)

Prospective,
nonintervention

Retrospective
cohort;
9 centers

United
Retrospective 1 Asymptomatic (before
Kingdom110
admission) and
prospective
symptomatic; NP PCR
3/12/20–7/31/20
registry study;
20 centers

51 patients:
leukemia (51),
lymphomas,
and LCH/HLH
(10), CNS (10),
NBL (8), ST (22);
6 had undergone
HSCT (12)

Asymptomatic/mild (49), No treatment (20),
AZI (20), HCQ (8),
moderate/severe (33),
HCQ 1 AZI (27),
critical (18), ICU (18),
AZI 1 antivirals (2),
MV (6)
HCQ 1 AZI 1
antivirals (6),
CVP (2);
interruption/delay
in chemotherapy
(63)

N/A

1 HSCT patient
died (2) from
COVID and
also had
concurrent
recurrent
leukemia and
fungal
infection

1 patient died
with
pulmonary
metastases and
pulmonary
hemorrhage
Died due to
COVID (4), died
not related
to COVID (6)
Died (2) – not
related to
COVID
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(%) and Detection
(% Positive)

Clinical Course (%)
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Outcomes (%)

Mexico111
3/12/20–
9/25/20

Retrospective
cohort;
1 center

Asymptomatic (before
procedure, before
admission); NP PCR

38 patients: ALL (55),
AML (8),
histiocytosis (8),
CNS (5), ST (21),
NBL (3)

Asymptomatic (18),
mild (71), ICU (5),
MV (5)

Treatment delay (68)

Deaths (8) –
not related
to COVID

United States
Pediatric
Oncology
COVID-19
Case
Report53
As of 1/21/21

Registry study;
93 centers

Asymptomatic and
symptomatic

657 patients: HM (64),
ST (36); in addition,
a proportion of
patients had an
allo-HSCT (6) or
auto-HSCT (3)

Asymptomatic:
HM (33), ST (41);
intubation: HM (4),
ST (4); ICU: HM (13),
ST (8); MIS-C: HM (2),
ST (2)

Change in oncology
therapy: HM (47),
ST (37)

Died (2)

Global
Global
Registry of
COVID-19
in
Childhood
Cancer54
As of 2/10/21

Registry study;
48 countries

1557 patients:
Asymptomatic and
ALL (49.1),
symptomatic; testing
ST (24.5),
included NP (80.5),
CNS (8.1), other
nasal (18.0),
HM (17.9), after
oropharyngeal
HSCT for
swab (8.4), and blood
nonmalignant
serology (5.2)
disorders (0.39); in
addition,
a proportion of
cancer patients had
an HSCT (5.16)

Asymptomatic (34.9),
mild (36.1),
moderate (9.3),
severe (12.1),
critical (17.6);
ICU (9.1), MV (4.4)

Died from
No treatment (70.3),
COVID-19 (3.44),
AZI (20.2), GC (14.7),
died from other
RDV (4.8), IVIG (4.4),
causes (2.19)
HCQ (4.0), LPV/r (2.0),
CP (0.7), TZM (0.4),
FPV (0.1);
chemotherapy
reduced (5.9) or
withheld (37.6)

NP PCR

Asymptomatic (23),
hospitalized (20)
for COVID-19 for
median of 3 d,
none required
supplemental
oxygen

No change in IST (92); No deaths or
ICU admissions
1 patient developed
acute cellular
rejection (kidney) 7 d
after IST reduction
for COVID

Patients Characteristics
(%)

Solid organ transplant
United States
(TX, CA, FL,
CO)50
4/1/20–7/20/20

Retrospective
cohort;
5 centers

26 SOT patients:
liver (38), kidney (31),
heart (23), lung (8);
median time to
COVID-19 from
transplant 1246 d
(range 12–6574 d)
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N/A

5 SOT patients: 2 kidney, All SOT had mild
3 liver; 3 HSCT patients
symptoms; HSCT:
1 mild, 2 moderate/
severe

No change in IST for
all patients

No deaths or
ICU admissions

Turkey112
Parent survey
3/11/20–4/15/20

23 patients with
suspicion for
COVID-19 tested
with NP PCR
(30% positive)

7 patients: 7 FMF
(all on colchicine),
1 PFAPA

2 asymptomatic, 4
outpatient therapy,
1 hospitalized for 5 d

5 HCQ, 3 AZI,
4 OTV, 2 none

No deaths or
ICU admissions

Spain113
Up to 6/30/20

N/A

8 patients: 3 JIA, 1 JDM,
1 cytoplasmic-ANCA
vasculitis, 1 PFAPA, 1
polyarteritis nodosa,
1 phospholipid
antibody syndrome

5 HCQ, 1 RDV,
3 required oxygen,
1 LPV/r, 1 TCZ,
1 with central line
1 enoxaparin;
associated thrombosis,
1 reduction in IST
1 with venous
thrombosis and
adrenal hemorrhage

1 death in JDM
from rapidly
progressive
interstitial lung
disease before
COVID

Care provider
survey;
18 centers

Rheumatologic disorders

Registry study;
49 hospitals

Chronic kidney disease on immunosuppressive therapy
Spain114
3/1/20–4/15/20

Physician
survey;
43 hospitals

PCR

16 patients: NS (31),
renal dysplasia (31),
uropathy (13), IgA
nephropathy (6),
vasculitis (6), scarring
nephropathy (6),
cortical necrosis (6);
9 patients (56)
on IST and 3 patients
had a kidney
transplant (19)

Asymptomatic (19),
no patients
required oxygen

HCQ (38), LPLV/r (6);
azathioprine
stopped in
vasculitis patient;
MMF decreased
in 2 of 3 and
tacrolimus
decreased in
1 of 3 transplant
patients

No deaths or
ICU admissions

Global115
Retrospective
3/15/20-End of
survey;
April 2020
16 centers

N/A

18 patients: kidney
transplant (61),
NS (17), ANCAvasculitis (11),
aHUS (6), ESKD with
IBD (6)

Outpatient (39),
oxygen support (17)

N/A

No deaths or
ICU admissions
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Country and
Study Period

Study Design

Global116
3/15/20–7/5/20

Registry study;
30 countries

Testing Strategy
(%) and Detection
(% Positive)

Patients Characteristics
(%)

Clinical Course (%)

Treatment (%)

Outcomes (%)

113 cases (104 by
PCR or antibody
testing, 9 clinically
suspected)

113 patients: kidney
transplant (47), NS
(27), SLE (10),
glomerulonephritis/
vasculitis (6),
other (11); all on IST

Asymptomatic (21),
admitted but no
respiratory
support (38),
admitted with
respiratory
support (17), MV (4)

N/A

Died (4)

Global78
Registry study;
Before 3/26/20
102 sites

6 by NP PCR or 2 with
symptoms 1 positive
first degree relative

8 patients: 5 Crohn’s
disease, 2 Ulcerative
colitis, 1 unclassified

All 8 with mild disease
and no admissions

No suspension of
IBD-related
medications

No deaths or
ICU admissions

Global45
Before May
2020

Registry study;
33 countries

NP PCR

29 patients

Hospitalized (10)

N/A

No deaths or
ICU admissions

Italy65
3/9/20–5/4/20

Retrospective
cohort;
21 centers

6 patients: 4 Crohn’s
6 COVID-19 cases
disease, 2 ulcerative
identified out of 2291
colitis
patients (0.2%)
by NP test

1 asymptomatic, 4 mild,
1 hospitalized for 7 d

No suspension of
IBD-related
medications

No deaths

N/A

No deaths

Inflammatory bowel disease

Global16
Registry study;
Before 10/1/20
23 countries

N/A

Hospitalized (7),
209 patients: Crohn’s
MV (1); of the 2
disease (66), ulcerative
patients on MV,
colitis (29),
1 patient had MIS
unclassified (5)
and 1 patient had
secondary infection
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Global41
3/16/20–
6/30/20

Physician
survey

Asymptomatic,
symptomatic; PCR
or serology

32 pediatric patients:
CID (28), CVID or
antibody
deficiency (13),
CGD (9), AGS (9),
ALPS (9), WAS (6),
XLA (3), CTLA4
deficiency (3), CMC
with recurrent
sepsis (3),
MSMD (3), STAT1
GOF (3), GATA2
haploinsufficiency (3),
XIAP deficiency (3),
BMF (3); 2 had
received HSCT,
1 gene therapy

Israel40
Mid-February
to MidSeptember
2020

Care provider
survey;
10 centers

Contact tracing (27),
symptomatic (73);
NP PCR

Iran55

Prospective
study;
38 centers

Symptomatic only;
PCR; incidence of
1 in 144 PID patients

Antibiotics (31),
GC (16),
immunoglobulin
(16), RDV (9),
LPV/r (3), CP (6),
TCZ (3),
chloroquine (3),
aspirin (3),
enoxaparin (3)

Deaths (6): 1 child
with CGD and
Burkholderia
sepsis and HLH;
1 child
following
HSCT for XIAP
deficiency,
severe gut
GVHD, septic
shock, HLH

None hospitalized,
11 pediatric patients:
asymptomatic (46),
3 Hyper-IgM,
mild (54)
2 X-linked
agammaglobulinemia,
3 CID (RELB mutation),
2 CGD, 1 22q11.2
deletion syndrome

Additional dose
of IVIG (9);
no change in
treatment for
immune disorder

No deaths or
ICU admissions

ICU (50)
16 pediatric patients:
SCID (19), Omenn’s
syndrome (6),
CID (13), CGD (13),
IGF syndrome
(13), WAS (6), AT (6),
hyper-IgM (6), specific
IgA deficiency (6),
Griscelli syndrome
type 2 (6), DIRA (6)

AZI (69), IVIG (63),
HCQ (50), other
antibiotics (44),
GC (6)

Death (50): 4
of 4 SCID/
Omenn’s
syndrome,
STK4 deficiency,
1 of 2 IGF
syndrome,
Griscelli
syndrome
type 2, DIRA

Asymptomatic (25),
ICU admission (28),
MIS-C in patient with
MSMD (IFNGR2)
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Study Design

Testing Strategy
(%) and Detection
(% Positive)

Patients Characteristics
(%)

Clinical Course (%)

Treatment (%)

Outcomes (%)

Other immunocompromised cohorts
Spain117
3/1/20–3/31/20

Retrospective
cohort;
1 center

NP PCR

8 patients: 5 HO (3 after 1 required oxygen,
HSCT), 2 SOT (1 liver,
1 HLH-like syndrome
1 kidney), 1 CKD

5 Anti-viral
treatment, 1 GC,
1 TCZ, 6 IST
decreased
or withdrawn

No deaths or
ICU admissions

United Arab
Emirates118

Retrospective
cohort;
1 center

Contact tracing or
symptomatic; NP PCR

5 patients: 1 CVID, 1 ST,
1 after splenectomy,
1 CKD, 1 SLE

3 HCQ, 1 RDV, 1 FPV

No deaths or
ICU admissions

3 asymptomatic,
2 mild

Table includes only studies with at least 5 pediatric (age < 21 y) immunocompromised patients.
Abbreviations: AGS, Aicardi-Goutieres syndrome; aHUS, atypical hemolytic uremic syndrome; ALL, acute lymphoblastic leukemia; Allo-HSCT, allogeneic hematopoietic stem cell transplant; AML, acute myelogenous leukemia; ANCA, antineutrophil cytoplasmic antibody; ANR, anakinra; AT, ataxia telangiectasia; Auto-HSCT,
autologous hematopoietic stem cell transplant; AZI, azithromycin; BMF, bone marrow failure; CID, combined immunodeficiency; CGD, chronic granulomatous disease; CKD, chronic kidney disease; CMC, chronic mucocutaneous candidiasis; CNS, central nervous tumor; CT, computed tomography; CVP, convalescent plasma;
DIRA, deficiency of IL-1 receptor antagonist; EBV-MAS, EBV-induced macrophage activation syndrome; ESKD, End-stage kidney disease; FMF, familial mediterranean fever; FPV, favipiravir; GC, glucocorticosteroids; GOF, gain-of-function; HCQ, hydroxychloroquine; HM, hematology malignancy; HO, Hematologic-oncologic;
HSCT, hematopoietic stem cell transplant; IBD, inflammatory bowel disease; ICU, intensive care unit; IGF, immunodeficiency; centromere instability, facial anomalies; IST, immunosuppressive therapy; IVIG, intravenous immunoglobulin; IVM, ivermectin; JDM, juvenile dermatomyositis; JIA, juvenile idiopathic arthritis; LPV/r,
Lopinavir-ritonavir; MIS, multisystem inflammatory syndrome; MIS-C, multisystem inflammatory syndrome in children; MSMD, mendelian susceptibility to mycobacterial diseases; MV, mechanical ventilation; N/A, not available; NBL, neuroblastoma; NP, nasopharyngeal; NS, nephrotic syndrome; OTV, oseltamivir; PCR, polymerase chain reaction; PFAPA, periodic fever-aphthous stomatitis-pharyngitis-adenitis; RDV, remdesivir; SCID, severe combined immunodeficiency; SLE, systemic
lupus erythematosus; SOT, solid organ transplant; ST, solid tumor; TCZ, tocilizumab; WAS, Wiskott-Aldrich syndrome; XLA, X-linked agammaglobulinemia; MDS,
myelodysplastic syndrome; CML, chronic myeloid leukemia; NHL, non-Hodgkin lymphoma; LCH Langerhan cell histiocytosis; HLH, hemophagocytosis lymphohistiocytosis; TZM, temozolamide; CVID, common variable immunodeficiency; ALPS, autoimmune lymphoproliferative syndrome; CTLA4, cytotoxic T-lymphocyteassociated protein 4; STAT1, signal transducer and activator of transcription 1; XIAP, X-linked inhibitor of apoptosis protein; GVHD, graft versus host disease;
PID, primary immunodeficiency.
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exposure history or community SARS-CoV-2 infection rate.4–6 This recommendation
was based on the presumed risk of nosocomial transmission, although data are
limited.7 Of note, the IDSA guidelines specifically include cytotoxic chemotherapy,
biologic or cellular therapy, high-dose steroids, and SOT or HSCT. There is no inclusion of patients with primary immunodeficiency, immune dysregulatory disorders, or
HIV under the “immunocompromised patients,” but biologically their immune deficits
are similar. For asymptomatic outpatients receiving chemotherapy or other immunosuppressive medications for autoimmune disease, the IDSA recommends that the decision for testing before therapy be individualized as there remains a significant
evidence gap to reliably guide practice.
It is important to note that numerous tests to detect the SARS-CoV-2 virus have
emergency use authorization (EUA) and that their sensitivities and turn-around times
are not uniform.3,8 These assays detect parts of the virus via RNA or antigen testing,
and molecular analysis can be completed via rapid reverse transcription polymerase
chain reaction (sensitivity 98%, specificity 97%, 45–60 minutes for test completion),
standard laboratory-based nucleic acid amplification testing (NAAT) (sensitivity
98%, specificity 97%), or rapid isothermal NAAT (sensitivity 81%, specificity 99%,
5–15 minutes for test completion) testing.3 Thus, providers should appreciate the potential for false negative testing from rapid bedside testing, which may be less sensitive and miss asymptomatic patients as they are frequently completed via rapid
isothermal NAAT. Beyond assay limitations, specimen inadequacy (eg, tentatively
swabbing the nasopharynx of patients with thrombocytopenia) and timing of collection
relative to the onset of symptoms can contribute to false negative tests.8
Serology testing is also available to detect past SARS-CoV-2 infection, but the utility of
the test is unknown in patients with humoral immune defects who may fail to seroconvert
as the assays rely on detection of anti-SARS-CoV-2 IgG, IgM, IgA, or total antibody. In
addition, as immunoglobulin replacement products begin to include anti-SARS-CoV-2
IgG, the value of serologic detection will be unclear for patients on replacement therapy.
Standard IDSA approaches for the use of serologic testing for SARS-CoV-2 infection
should be followed for immunocompromised pediatric patients.9
Prevalence of SARS-CoV-2 Infection in Pediatric Immunocompromised Patients

Understanding the infectivity rate of SARS-CoV-2 has been a huge epidemiologic undertaking. In theory, immunocompromised children may be less likely to contract
SARS-CoV-2 secondary to already ingrained infection prevention techniques, for
example, hand washing and social isolation. However, interaction with the health
care system may raise the risk of a positive contact as demonstrated in a Madrid study
in which 4 of 15 cases (27%) of SARS-CoV-2 infections in pediatric oncology patients
were traced to nosocomial exposure.10 Comparison of infectivity rates with healthy
children is difficult secondary to discrepancies in testing practices in immunocompromised patients who are more likely to undergo testing over concerns of developing severe COVID-19 or as a screen before hospital admissions, surgical procedures, or
receiving chemotherapy. Therefore, immunocompromised children are more likely
to be screened when asymptomatic, theoretically falsely raising the relative prevalence of SARS-CoV-2 in this population compared with immunocompetent children.
In review of the current 13 articles that detailed their testing strategy for pediatric
oncology patients, just one cohort limited SARS-CoV-2 testing to symptomatic patients only.11 Interestingly, this strategy was adopted in Mexico where resources for
broad testing are limited, indicating that studies in poorly resourced countries may
also underestimate the prevalence secondary to less aggressive screening. Among
pediatric oncology hospitals in New York and New Jersey, the positivity rate at the
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height of the pandemic was 16.95% with 32.7% of the cases being identified in
asymptomatic patients.12 Symptomatic patients were also more likely to be tested
early in the pandemic as demonstrated in a single-center study at the UPMC Children’s Hospital of Pittsburgh where immunocompromised pediatric patients with fever
or respiratory symptoms were 3-times (58.0% vs 19.5%) as likely to be tested for
SARS-CoV-2 in comparison to immunocompetent patients.10 It is important to note
that testing strategies continue to evolve as changes in disease prevalence and access to test supplies have fluctuated, and these early reports may not reflect current
screening practices.
Another strategy to evaluate the burden of SARS-CoV-2 is to assess seroprevalence in pediatric cohorts. The UPMC Children’s Hospital of Pittsburgh tested for
the presence of SARS-CoV-2 IgG in convenience blood samples from immunocompromised and general pediatric patients.10 In 485 immunocompromised patients,
1% were found to have IgG antibodies to SARS-CoV-2 spike protein, which was
similar to the immunocompetent cohort (0.6%). Seroprevalence was highest in rheumatology (4.3%) and SOT (1.9%), with no detection of antibodies in HSCT, primary immunodeficiency, or inflammatory bowel disease (IBD) patients, although these data
may underestimate the true prevalence given the possibility of poor humoral response
to SARS-CoV-2 in some immunocompromised patients.
As of March 1, 2021, 2617 patients have met the case definition of MIS-C in the
United States.13 Estimating the prevalence of MIS-C in immunocompromised patients
may prove more difficult as unlike SARS-CoV-2, MIS-C does not have specific testing
but requires a constellation of symptoms and laboratory evidence of inflammation for
diagnosis that may overlap with the underlying disorder, especially in rheumatology
patients. MIS-C has been diagnosed in patients with underlying IBD, but presenting
features including fever, gastrointestinal disease, mouth ulcers, and elevation of inflammatory markers are common manifestations of both conditions.14–16 MIS-C,
therefore, has the potential to be both underdiagnosed and overdiagnosed in immunocompromised patients and may require more specific findings such as Kawasakilike features to confirm a MIS-C diagnosis.
Treatment of SARS-CoV-2 in Pediatric Immunocompromised Patients

Despite a large number of therapeutic studies related to COVID-19 being carried out
over the past year, most participants are immunocompetent adults.17,18 As such,
treatment of immunocompromised patients mirrors that of immunocompetent patients. At the time of this publication, remdesivir, a nucleoside analog that when incorporated into RNA inhibits the replication of SARS-CoV-2 by causing delayed chain
termination, is the only agent with Food and Drug Administration (FDA) approval for
COVID-19 treatment. Remdesivir is approved for hospitalized patients (aged
12 years and weighing 40 kg) requiring supplemental oxygen17,19,20 and through
an EUA for hospitalized children weighing 3.5 kg. Currently there are insufficient
data for use in nonhospitalized mild to moderate cases or for non–oxygen-requiring
hospitalized patients, with the argument that remdesivir should be considered in these
situations for immunocompromised patients. For hospitalized adult patients, dexamethasone afforded a survival benefit in patients receiving respiratory support and
led to increased ventilator-free days in mechanically ventilated patients.21,22 Dexamethasone in combination with remdesivir may be considered for immunocompromised patients with severe or critical COVID-19 requiring respiratory support but
must be balanced with the risk for inadequate viral control and secondary infections.
Immunocompromised patients who have decreased ability or inability to make antibodies may be at risk for prolonged illness with decreased capacity to clear the
Downloaded for Anonymous User (n/a) at Egyptian Knowledge Bank from ClinicalKey.com by Elsevier on September 19,
2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.

Impact of COVID-19 on Pediatric Immunocompromised

virus.23 While no specific trials have been reported in this population, two therapies
that could be considered are anti-SARS-CoV-2 monoclonal antibodies and convalescent plasma. Currently, the FDA has issued an EUA for the anti-SARS-CoV-2 monoclonal antibodies bamlanivimab,24 bamlanivimab plus etesevimab,25 and
casirivimab plus imdevimab26 for nonhospitalized adult and pediatric patients
(12 years and weighing 40 kg), who are at high risk for disease progression or hospitalization, including those with immunosuppressive disorders or those receiving
immunosuppressive treatment. Convalescent plasma from recovered COVID-19 donors also received an EUA from the FDA for hospitalized patients early in the course
of disease and those hospitalized with impaired humoral immunity.27,28 This recommendation, however, is not fully supported by pediatric subspecialist groups who
have advocated against routine administration of monoclonal antibodies for COVID19 treatment because of the lack of evidence for safety and efficacy in children.29
As demonstrated in Table 1, although multiple additional therapies have been used
in immunocompromised patients, there are no robust data to demonstrate the benefits
or harm in this population. Until more data are available, immunocompromised pediatric patients should be followed up very closely, and therapeutic intervention considered on an individual basis.
Patients on immunosuppressive treatment for their underlying disorder present
additional quandaries as there are limited studies that provide guidance regarding
management of chronic immunosuppressant therapies in patients with COVID-19.30
Concerns in pediatric immunocompromised patients with SARS-CoV-2 infection
that must be balanced in the decision to maintain or modify chronic immune suppression include poor viral control, dysregulated immune responses, flare of underlying
disorders, and acquisition of secondary infections. Universal guidelines are difficult
if not impossible to develop given the diversity of disease and underlying risks of modifying immune suppression, as well as the knowledge that some immunosuppressant
therapies (eg, cyclosporine A, thiopurine metabolites, mycophenolic acid)31,32 have
antiviral properties while others (eg, tocilizumab, dexamethasone)21,33 have been
attempted to control dysregulated immune responses in severe COVID-19. This
dilemma has led physicians to perform an individualized risk-benefit evaluation to
weigh the risk of reducing immunosuppression against the risk of disease flare or
worsening disease activity which potentially could have both devastating short- and
long-term consequences.34 Thankfully, guidance in pediatric immunocompromised
patient care is developing as our experience in COVID-19 expands. For example,
the current recommendation for pediatric cancer patients with SARS-CoV-2 infections
is to avoid major alterations in underlying therapy unless there is evidence of severe
COVID-19 infection.35
Outcomes of SARS-CoV-2 in Pediatric Immunocompromised Patients

At the onset of the COVID-19 pandemic, it was assumed that poor antiviral immunity in
immunocompromised patients would place them at high risk for complications as
seen for other respiratory viruses including influenza, respiratory syncytial virus, and
common strains of human coronavirus (OC43, NL63, HKU1, and 229E).36–38 However,
immunocompromised status and poor outcomes have not been reported during the
SARS-CoV-1 and Middle East respiratory syndrome coronavirus (MERS-CoV) epidemics.1 This somewhat paradoxic observation may stem from the unique immune
pathology induced by SARS-CoV-2. The usual immune response to SARS-CoV-2 is
an initial innate immune response through type I interferons followed by an adaptive
humoral and cellular immune response.39 Although adequate immune function is
necessary to control SARS-CoV-2 infection, significant toxicity and death are often
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a sequelae of inappropriate and dysregulated immune responses and not a direct
consequence of viral invasion and replication.40 This has raised the intriguing possibility that patients with primary or secondary immune defects may not be at increased
risk of death from COVID-19 but also that certain subsets of patients may be protected
from severe disease by their inability to mount a pathologic immune response to
SARS-CoV-2.41
Initial studies in adults, however, have demonstrated that oncology and SOT patients
are at higher risk for severe outcomes including intubation and death from COVID19.42–44 In contrast, IBD and rheumatology adult patients taking biologics and Janus kinase inhibitors displayed no increased incidence of severe disease.45,46 The difference
in outcomes may be related to the type and degree of immune suppression, but comorbidities such as hypertension, heart disease, diabetes, and chronic kidney disease were
also highly prevalent in adult cancer and SOT patients with severe COVID-19.42
Clinical outcomes in immunocompetent children with COVID-19 are superior to
adults, and several mechanisms including lower angiotensin-converting enzyme
(ACE)-2 expression, enhanced immune tolerance, and fewer comorbidities have
been proposed as reasons for the discrepant outcomes.47 These protective features
may be minimized in some immunocompromised populations as ACE-2 can be overexpressed in some patients with IBD and systemic lupus erythematous (SLE).48,49 In
addition, immune tolerance mechanisms may be disrupted by inborn errors of immunity such as pathogenic variants in FOXP3 or CTLA4, and comorbidities exist because
of the underlying genetic defect or toxicities related to treatment or prior infection.49
Children may also be on relatively higher doses of immune suppression than adults
for some conditions such as SOT, and therefore, COVID-19 outcome trends seen in
immunosuppressed adults may not be translatable to pediatrics.50
A summary of currently published studies on pediatric immunocompromised cohorts is provided in Table 1, permitting some interesting early observations. First, in
pediatric oncology patients, the risk of death is less than that in adults but appears
to be higher than that of the general pediatric population and may be worse when
compounded by certain high-risk demographics, for example, male, obese, and older
age, or in patients with hematologic malignancies.12,51–54 In contrast to oncology patients, published cohorts of pediatric rheumatology patients, SOT, chronic kidney disease on immune suppression, and IBD reported low rates of severe complications, but
the literature is less extensive in these diseases.
COVID-19 severity in patients with inborn errors of immunity is dependent on the underlying defect. Although there is potential for reporter bias, complete absence of
adaptive immunity appears lethal with mortality from COVID-19 in all reported severe
combined immunodeficiency (SCID) patients not yet transplanted in an Iranian case
series that included 3 patients with SCID and 1 patient with Omenn syndrome.55 However, pediatric patients with nonsevere defects in adaptive immunity presented with
asymptomatic or mild COVID-19 disease in a global (14 patients) and Israeli (9 patients) survey of medical providers.40,41 Despite the concern for excessive immune
activation in autoinflammatory disorders, severe disease has not been frequently reported and may be a misguided concern or the inflammation is well attenuated by preventive immunosuppression in these patients.41 A similar concern is whether MIS-C
will be more prevalent or severe in patients with autoinflammatory disorders, but it
is too early to speculate as only a few anecdotal cases of MIS-C in patients with immune disorders are published to date.14–16,41
Overall, the clinical course in immunocompromised patients with SARS-CoV-2 is
favorable, but some caution is warranted in caring for these patients. First, based
on recent data demonstrating the importance of type I interferons in initial SARSDownloaded for Anonymous User (n/a) at Egyptian Knowledge Bank from ClinicalKey.com by Elsevier on September 19,
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CoV-2 control, patients who have severely deficient type I interferon signaling or immune disorders, for example, secondary to Toll-like receptor 3 or interferon regulatory
factor 7 defects, or those that predispose to autoantibodies against type I interferons
may be at risk for critical disease.40,56,57 Second, some cases of death have been
attributed to concurrent infections or an underlying primary disorder, highlighting
the need for continued monitoring for additional infections, disease progression,
and immune-related adverse events that may be independent or indirectly related to
SARS-CoV-2 infection.41 Third, changing therapy and supportive care measures
against COVID-19 and evolution of new SARS-CoV-2 strains may alter outcomes in
immunocompromised patients. Finally, atypical manifestations of SARS-CoV-2,
such as hemophagocytic lymphohistiocytosis and cytopenias, have been infrequently
reported, and providers need to remain vigilant for these and other new complications
of COVID-19.
Impact to Access of Clinical Care for Immunocompromised Patients

The COVID-19 pandemic impacted access to care for non–SARS-CoV-2-infected patients as hospital systems scrambled to accommodate the surge of infected patients
and limit transmission of infection among staff and patients. Unfortunately, the need to
implement social distancing protocols, mobilization of SARS-CoV-2 testing, redeployment of providers and reduction in staff, use of critical care beds for severe COVID-19
patients, and parental and patient anxiety of traveling to medical centers all contributed to delayed access and untoward consequences for some immunocompromised
patients. For example, surveyed pediatric rheumatologists indicated one-third of patients suffered a delayed diagnosis or joint injections due to lack of access for evaluation, and 21.9% had patients who experienced a flare due to delayed
appointments.58 A parental survey of children with rheumatic disease reported
14.3% had a treatment interruption with social restrictions and anxiety over new health
center arrangements listed as the primary barrier to medical care access.59
In pediatric oncology, a significant drop in new diagnoses, including a decrease of
45% of expected new acute lymphoblastic leukemia diagnoses in Lombardia, Italy,
and a gap of 35 days between new leukemia patients at the Children’s Hospital of Philadelphia, where the historic mean gap between new diagnoses is 2.96 days, occurred
early in the pandemic.60,61 Although these reports have yet to describe a rebound of
cancer diagnoses, extreme sickness in new cancer patients is documented, and these
presentation delays to oncology centers have been attributed to parental reluctance to
seek medical care, decreased referrals to major medical centers, limitations of telemedicine, and a diagnostic bias toward COVID-19 for presenting signs of a malignancy.61 A survey of SOT and HSCT centers in Europe reported that two-third of
centers reduced their transplant activity.62 However, pediatric kidney transplants in
the United States has largely returned to baseline after the initial surge of COVID19.63 In the United Kingdom, restrictions on endoscopy procedures resulted in most
pediatric patients being diagnosed with “presumed IBD” without histologic confirmation.64 IBD admissions for new diagnoses and endoscopic re-evaluation were also
significantly reduced during the lock down in Italy.65
In attempts to maintain access to care while minimizing infectious exposure and
conserving personal protective equipment, subspecialty providers pivoted toward
telemedicine.66 Expansion of telemedicine services was greatly aided by changes in
reimbursement policies during the COVID-19 pandemic.67 While not all clinical situations are amenable to virtual visits, subspecialists quickly adapted care for telemedicine including devising standardized virtual joint examinations and facilitating “care in
place” with local laboratory evaluation and primary care collaboration for vital signs,
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weight checks, and key examination findings as needed. The reduced risk of inadvertent infectious exposure as well as the historical advantages of increased flexibility of
access and decreased financial burden (eg, travel, days of missed work, childcare)
contributed to telemedicine appeal among immunocompromised patients. For
example, 38 childhood cancer survivors or their proxies surveyed about their longterm follow-up virtual visits were highly satisfied with their visits (with 86% and
95%, “completely/very satisfied,” respectively) with 82% preferring video visits to
remain an option after the pandemic.68 Further study of parental preferences is
needed to optimize the telehealth care models.
In addition to medical care, continuation of psychosocial services to immunocompromised children and adolescents during this pandemic is vitally important. Patients
with immunodeficiency, even before the pandemic, had lower health-related quality of
life (HRQoL) than healthy peers and those with other chronic conditions.69 With the
onset of COVID-19, a nationwide pediatric healthy cohort of 1586 families from Germany reported lower HRQoL (measured by KIDSCREEN-10), more mental health
problems (measured by SDQ), and increased anxiety (measured by SCARED) than
before the pandemic.70 While not yet formally assessed, it is anticipated that similar
trends exist in immunocompromised patients.
Immunocompromised children and parents seeking trustworthy information and
peer support have historically relied on philanthropic foundations, for example, Immune Deficiency Foundation, Race for Immunology, Alex’s Lemonade Stand, and resources such as the Ryan White HIV/AIDS Program. Providers, similarly, have turned
to prepandemic psychosocial service models such as those used for people with HIV
that have historically used home visits, telemedicine and adherence programs inclusive of directly observed therapy, motivational interviewing sessions, and social
work check-ins.71–73 Home delivery of medication was already occurring for many
high-risk patients, and continuation of this service has minimized treatment gaps for
some patients. Unfortunately, the same services have not been available in many
resource-poor areas of the United States and abroad, and services to those with
HIV have suffered interruptions of heath care.74–76 The same service interruptions
may be inferred for other high-risk immune-deficient patients in poor-resource areas.
Changes to Management in Immunocompromised Patient in the COVID-19 Era

At the onset of the pandemic, uncertainty over the risk of severe COVID-19, drug
shortages for medications used for both immunocompromised patients and SARSCoV-2, and reallocation of resources to COVID-19 patient care and research led to
numerous changes in management of immunocompromised children. Early in the
pandemic, pediatric oncologists regularly delayed chemotherapy (48%–100% in published cohorts; see Table 1), and reports of patient deaths secondary to disease progression while delaying induction or pausing chemotherapy during SARS-CoV-2
infection have been reported. Pediatric oncology clinical trial enrollment decreased
as resources were diverted to COVID-19 research, restrictions on research were
made in an effort to curb SARS-CoV-2 transmission, and research staff furloughed
to limit the negative institutional financial impact of COVID-19. As such, some pediatric
oncology patients, particularly those with relapsed/refractory disease, had less options for therapy because of delays in opening new studies.77
In China and South Korea, 20% of pediatric IBD patients suffered disease exacerbation when infliximab infusions were delayed.78 In the UK, standard treatment with a
Tumor necrosis factor inhibitor was replaced with exclusive enteral nutrition for new
IBD patients as diagnosis could not be confirmed secondary to reduction in endoscopy procedures.64 Early guidance in pediatric rheumatology patients stressed
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continuing current immune suppression to avoid disease flare.79 However, concerns
over SARS-CoV-2 also led to hesitancy to starting new immune suppression with
worsening disease58 despite that control of disease activity may also help reduce
risk of severe infection in certain systemic disorders as demonstrated in adult patients
with rheumatoid arthritis.80,81
In addition, drug shortages forced changes in management and mandated strategic
planning to preserve doses for critical care.82 In pediatric and adult rheumatology,
many patients receiving IV tocilizumab were switched to the subcutaneous (SQ)
form as the supply of IV tocilizumab was consumed for treatment of severe COVID19. This switch to SQ tocilizumab resulted in patient/parent anxiety of the risk of disease flare or worsening disease activity even though switching to SQ route has been
found to be an effective alternative for children with juvenile idiopathic arthritis.83 Other
drugs, for example, hydroxychloroquine, demonstrated a huge surge in prescriptions
early in the pandemic presumably attributed to off-label use for COVID-19 treatment
raising concern for decreased availability of the drug for SLE or other autoimmune
indications.84–86
With concerns for nosocomial exposure, providers prioritized home-administered
therapeutic options when possible, particularly for immunocompromised patients. The
National Institute for Health and Care Excellence published COVID-19 rapid guidelines
specifically recommending clinicians to consider switching IV medications to SQ form
to minimize exposure of SARS-CoV-2. Anecdotally, children receiving IgG replacement
were transitioned from IV IgG in-hospital infusion areas to either SQ or at-home IV IgG
and when feasible, and outpatient chemotherapy regimens were favored, for example,
SQ cytarabine versus IV vinblastine with prednisone for children with Langerhans cell
histiocytosis given the success of cytarabine monotherapy in refractory disease.87
Considerations for COVID-19 Vaccination in Immunocompromised Patients

In December of 2020, Pfizer-BioNTech and Moderna both received EUAs for their
COVID-19 vaccines from the FDA,88,89 with the Janssen Biotech COVID-19 vaccine
receiving an EUA in February 2021.90 With the exception of HIV, patients with immune
deficiency were largely excluded from the clinical trials.91–93 Despite the current lack of
safety and efficacy data in patients with compromised immune systems, there is general consensus among physicians that these nonlive vaccines should be administered
to the vast majority of immunosuppressed patients.94 The Centers for Disease Control
and Prevention (CDC) also suggests that immunocompromised individuals receive the
COVID-19 vaccine, with counseling on unknown safety profile and efficacy in this population.95 Timing of vaccination in relation to immunosuppressive therapies is not
completely understood, but adult patients with rheumatoid arthritis receiving the seasonal influenza vaccination demonstrated improved response if methotrexate was not
given for at least 2 weeks after HCT.96 It was also noted that flares were more common
in patients with 4-week pauses of their methotrexate around the time of vaccination.97
But the effects of immune suppression on COVID-19 vaccine response are not yet
determined, and consideration to hold immunosuppressants after vaccination need
to be considered on a case-by-case basis and ideally studied in clinical trials.98 The
CDC at the time of publication does not recommend revaccination of those who
may have received the vaccine during chemotherapy or while on immunosuppressive
medications and does not suggest antibody testing to assess for immunity after
vaccination.95
Safety of vaccines in the immune compromised is different compared with that in
immune-competent individuals. Live attenuated vaccines can cause disease in immunocompromised patients because of the inability to control the replication of the
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pathogen even in its weakened state. The Pfizer-BioNTech and Moderna COVID-19
vaccines are not live, nor do they contain any actual virus to cause disease, and
instead contain mRNA encoding the spike protein of SARS-CoV-2. The Janssen
COVID-19 vaccine uses a recombinant, replication-incompetent adenovirus vector
containing the full-length SARS-CoV-2 spike protein gene.93 The vector shuttles the
gene into the nucleus of the cell where it is transcribed and translated into the spike
protein, but the genetic material does not integrate into host DNA, and because the
vector does not replicate, it cannot cause human disease.99 Therefore, as all 3 vaccines cannot result in infection, they are likely safe for patients with immunodeficiency.
However, live attenuated COVID-19 vaccines are in development or clinical trials, so in
the future, it will be important to know which vaccine is being offered with the live
attenuated vaccines being avoided until workup and discussion with an immunologist.100 Another theoretic concern is administration of vaccines in patients with autoimmune and autoinflammatory disorders with excessive production of inflammatory
cytokines in response to viral products. However, given the risk of SARS-CoV-2 infection in these disorders, the immunology community has provided cautious support for
vaccination in these patients and recommended it ideally should be administered during periods of low disease activity.101
In addition to safety concerns, efficacy of these vaccines is unclear and likely variable
depending on the immune defect. Classically, antibody production is used as a measure
of the protection offered from immunization, but vaccines may generate T-cell responses
as well, which could be of benefit in those with humoral defects. Studies examining patients recovered from COVID-19 have found the presence of SARS-CoV-2-specific
CD41 and CD81 T cells in circulation, and studies of the Pfizer-BioNTech vaccine found
that two doses elicit T-cell responses against the SARS-CoV-2 spike protein.102,103
SUMMARY

While the COVID-19 pandemic triggered numerous clinical practice changes and
resulted in severe consequences either directly or indirectly for select pediatric patients, important lessons were learned, and there are silver linings for immunocompromised children evident among the chaos. At a minimum, the pandemic raised global
awareness of infection risk, viral transmissibility, and the immune system. Handwashing, comprehensive disinfection practices of shared surfaces, and mask wearing are
more normalized. School shutdowns during the COVID-19 pandemic not only kept
children from exposure to SARS-CoV-2 but also decreased the incidence of pneumonia, otitis media, streptococcal pharyngitis, urinary tract infections, croup, gastrointestinal infections, and asthma.104 Strategies to mitigate SARS-CoV-2 infection
including ventilation upgrades and cohorting methods are likely to help attenuate infectious exposures as students return to the classroom. In addition, the broad acceptance of virtual learning and incorporation of virtual learners in a hybrid classroom are
practices expected to be of value to immunodeficient patients. Beyond schooling, the
creative transition of other activities, for example, dance, karate, and enrichment opportunities, for example, art classes and streaming concerts, has allowed immunocompromised children to participate with their peers. As risk of SARS-CoV-2
transmission lessens, immunocompetent children will return to school and other inperson activities; the expanded services offered during the pandemic need to be
continued for children with weakened immune systems.
From a health care perspective, the massive uptake of telemedicine provided an
alternative strategy for patients with compromised immune systems to maintain access to care with increased convenience and decreased cost. Given that
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immunocompromised patients are likely to benefit from continued telehealth options
after the pandemic, it is imperative that action be taken to preserve the expansion
of compensated telehealth options, while also appreciating that in-person visits are vital for some patients to diagnose new or progressive disease. In addition, strategies to
mitigate barriers for telehealth uptake to improve equity of access as well as parental/
patient preferences for care received in-person versus virtually must be explored.
Although global efforts have accelerated our understanding and care of SARS-CoV2 patients, our knowledge of clinical outcomes and treatment in immunocompromised
patients is limited, particularly in inborn errors of immunity and pediatric HIV. Challenges remaining for pediatricians include sustained, global collaboration to consolidate knowledge in these rare patient groups, continued adaptation of knowledge
gained from immunocompetent patients to immunocompromised cohorts, and further
study on the safety and efficacy of current and developing vaccines. Persistent advocacy for rare diseases is even more critical as the clinical, scientific, and philanthropic
communities remain focused on COVID-19 care and research.
Finally, a comment that immunocompromised parents hear is, “I finally understand
what it is like to live like you. I am afraid to get an infection. I cannot just go anywhere I
want to go anymore”. Although the COVID-19 pandemic has been difficult for
everyone on a personal and professional level, the anxiety of infection and social isolation will persist for immunocompromised families even as the risk of SARS-CoV-2
transmission subsides. It is imperative that we leverage knowledge gained from this
pandemic to improve the health and quality of life of immunocompromised children
so that they may live without fear.
REFERENCES

1. D’Antiga L. Coronaviruses and Immunosuppressed Patients: The Facts During
the Third Epidemic. Liver transplantation : official publication of the American
Association for the Study of Liver Diseases and the. Int Liver Transplant Soc
2020;26(6):832–4.
2. Kabeerdoss J, Pilania RK, Karkhele R, et al. Severe COVID-19, multisystem inflammatory syndrome in children, and Kawasaki disease: immunological mechanisms, clinical manifestations and management. Rheumatol Int 2021;41(1):
19–32.
3. Hanson KE, Caliendo AM, Arias CA, et al. The Infectious Diseases Society of
America Guidelines on the Diagnosis of COVID-19: Molecular Diagnostic
Testing. Clin Infect Dis 2021. https://doi.org/10.1093/cid/ciab048.
4. Waghmare A, Abidi MZ, Boeckh M, et al. Guidelines for COVID-19 Management
in Hematopoietic Cell Transplantation and Cellular Therapy Recipients. Biol
Blood Marrow Transplant 2020;26(11):1983–94.
5. Ljungman P, Mikulska M, de la Camara R, et al. The challenge of COVID-19 and
hematopoietic cell transplantation; EBMT recommendations for management of
hematopoietic cell transplant recipients, their donors, and patients undergoing
CAR T-cell therapy. Bone Marrow Transplant 2020;55(11):2071–6.
6. Ritschl PV, Nevermann N, Wiering L, et al. Solid organ transplantation programs
facing lack of empiric evidence in the COVID-19 pandemic: A By-proxy Society
Recommendation Consensus approach. Am J Transplant 2020;20(7):1826–36.
7. Abbas S, Raybould JE, Sastry S, et al. Respiratory viruses in transplant recipients: more than just a cold. Clinical syndromes and infection prevention principles. Int J Infect Dis 2017;62:86–93.
Downloaded for Anonymous User (n/a) at Egyptian Knowledge Bank from ClinicalKey.com by Elsevier on September 19,
2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.

1047

1048

Connelly et al

8. Ravi N, Cortade DL, Ng E, et al. Diagnostics for SARS-CoV-2 detection: A
comprehensive review of the FDA-EUA COVID-19 testing landscape. Biosens
Bioelectron 2020;165:112454.
9. Hanson KE, Caliendo AM, Arias CA, et al. Infectious diseases Society of America guidelines on the diagnosis of COVID-19:serologic testing. Clin Infect Dis
2020. https://doi.org/10.1093/cid/ciaa1343.
10. Freeman MC, Rapsinski GJ, Zilla ML, et al. Immunocompromised Seroprevalence and Course of Illness of SARS-CoV-2 in One Pediatric Quaternary Care
Center. J Pediatr Infect Dis Soc 2020. https://doi.org/10.1093/jpids/piaa123.
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KEY POINTS
 Perinatal transmission of SARS-CoV-2 is mainly horizontal, necessitating strict control
measures for preventing spread of infection to newborns.
 Universal screening for SARS-CoV-2 for all pregnant women is necessary to guide delivery room preparation and postdelivery care of newborns and mothers.
 Newborns infected with SARS-CoV-2 are usually asymptomatic or have mild clinical disease; therefore, other causes need to be investigated in case of severe illness.
 Breast feeding and bonding between newborn and SARS-CoV-2 infected mother can be
encouraged with proper education and infection control measures.
 All newborns should have routine newborn care irrespective of their SARS-CoV-2 status
as early discharge has not shown to reduce the spread of infection.

INTRODUCTION

Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), which was first reported in the Wuhan region of China in
December in 2019 has struck the world, affecting humans across all age groups.1
Initially, it was thought to affect mainly the respiratory system causing a “pneumonia
of unknown etiology,”2 but it was soon discovered that it affects multiple organ systems with significant morbidity and mortality. SARS-CoV-2 has been demonstrated
to be transmitted by respiratory droplets, contact, and fomites.3–5 SARS-CoV-2 has
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proven to be highly contagious with a reproduction number of 2.2 to 5.7, which means
that 1 person with SARS-CoV-2 infection can infect on an average 2 to 5 people
around him or her if no precautions are followed.6 SARS-CoV-2 gains entry into the
lungs and gut by binding to the angiotensin-converting enzyme receptor 2 present
abundantly on the type 2 pneumocytes and gastrointestinal epithelium. There is controversy regarding in utero transmission of SARS-CoV-2. However, there is increasing
evidence of horizontal transmission from mother to neonate. There is a scarcity of data
regarding pregnant women affected with COVID-19, and its implications during pregnancy: prenatal visits, antenatal scans, testing, and management of symptomatic
women, and delivery, as well as delivery room preparedness, logistics, and postnatal
care of newborns.7–10 In this review, we highlight major changes in clinical practice
implemented during delivery and postnatal care of newborns born to mothers with
confirmed or suspected SARS-CoV-2 infection during the pandemic, based on
various expert opinions and evolving evidence.
SARS-CoV-2 INFECTION IN PREGNANCY

Early speculations regarding SARS-CoV-2 infection in pregnancy were concerning
owing to changes in cellular immunity during pregnancy along with an array of physiologic changes in the cardiovascular, respiratory, and coagulation systems. Few studies
have investigated whether SARS-CoV-2 infection poses additional risk during pregnancy.11 Studies so far have shown similar COVID-19 symptoms in pregnant and
nonpregnant women.12,13 Surveillance data from the Centers for Disease Control and
Prevention (CDC) including 91,412 women of reproductive age group (15–45 years of
age) with laboratory-confirmed SARS-CoV-2 infection showed no difference between
pregnant (8207) and nonpregnant women (83,205) in terms of cough and shortness of
breath.14 Headache, fever, chills, diarrhea, and muscle aches were in fact less
frequently noted in pregnant women compared with nonpregnant women. Initial studies
from New York showed a significant asymptomatic carrier rate (33%) in pregnant
women.15,16 Therefore, universal screening for SARS-CoV-2 infection in all pregnant
women during hospitalization or at the time of delivery was proposed and soon became
the standard of care. In a series of 54 pregnant women with confirmed (n 5 38) and suspected (n 5 16) SARS-CoV-2 infections reported by Sentilhes and colleagues,17 oxygen
supplementation was required in 24.1%, intensive care unit admission in 9.3%, and severe illness was observed in those over the age of 35 years or those with comorbidities,
such as asthma and obesity. A recent report by the CDC’s Coronavirus Disease 19Associated Hospitalization Surveillance Network surveillance team found that, of the
598 pregnant women hospitalized in 13 states across the country with COVID-19 between March 1 and August 22, 2020, the majority of them (55%) were asymptomatic.18
However, severe illness was observed in symptomatic women that included intensive
care admission in 16%, mechanical ventilation in 8%, and mortality in 1%.18 In an analysis of approximately 400,000 women aged 15 to 44 years with symptomatic COVID-19
by the CDC’s Surveillance for Emerging Threats to Mothers and Babies Network (SETNET), intensive care unit admission, invasive ventilation, extracorporeal membrane
oxygenation, and death were more likely in pregnant women than in nonpregnant
women.19 In a 35-year-old woman infected with COVID-19, placental pathology showed
inflammation and the presence of SARS-CoV-2 by immunohistochemistry at 22 weeks
gestation, possibly contributing to the development of early-onset preeclampsia, hypertension, and disseminated coagulopathy.20 Hence, a multidisciplinary team of maternal
and fetal medicine specialists and neonatologists is essential in the care of pregnant
women with SARS-CoV-2 infection and their infants.
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IMPACT ON ROUTINE ANTENATAL VISIT AND SCANS

Since the declaration of SARS-CoV-2 as a pandemic by World health Organization
(WHO), the American College of Obstetrics and Gynecology (ACOG) has proposed
various modifications in the existing guidelines of antenatal visits and ultrasounds.
These modifications were primarily made to decrease the amount contact between
the pregnant women and health care facilities as well as to decrease the transmission
of SARS-CoV-2 throughout the general population.21 Minimal data are available on the
impact on maternal and fetal health after these guideline changes. In a 28-year-old
pregnant woman with gestational diabetes mellitus and chronic hypertension who
was found to be COVID-19 positive at 34 weeks gestation, her routine nonstress
testing and amniotic fluid index testing were delayed owing to her COVID-19–positive
status. Ultimately, her nonstress testing revealed category 2 tracing persistently,
requiring urgent cesarean section.22 This case highlights that the frequency of antenatal visits and testing should be decided on an individualized basis, especially for
high-risk pregnancies.
TRANSMISSION FROM MOTHER TO NEWBORN

The first case of SARS-CoV-2 infection in a neonate was reported in February 2020.
The infant presented at 17 days of age with a fever, cough, runny nose, and vomiting.23
This presentation led to suspicion of vertical transmission in utero because the mother
of the newborn had tested positive for SARS-CoV-2. Early studies conducted in China
were unable to isolate SARS-CoV-2 from amniotic fluid, vaginal mucus, cord blood,
placenta, urine, feces, or breast milk. Similarly, Silva and colleagues did not find
SARS-CoV-2 by reverse transcriptase polymerase chain reaction (RT-PCR) in 18 samples of amniotic fluid, umbilical cord, and placenta obtained from COVID-19–positive
mothers.24 Therefore, the risk of vertical transmission was considered highly unlikely.25–29 However, in a retrospective cohort study of 3497 respiratory, urine, stool,
and serum samples from adults analyzed for SARS-CoV-2 viral load, the median duration of the virus in stools (22 days; interquartile range [IQR], 17–31 days) was significantly longer than in respiratory (18 days; IQR, 13–29 days; P 5 .02) and serum
samples (16 days; IQR, 11–21 days; P < .001).30 In a study by Zeng and colleagues,9
3 of the 33 neonates born to COVID-19–positive mothers tested positive by RT-PCR
from nasopharyngeal and anal swabs by 2 days of age despite strict isolation of the
newborn soon after delivery. Two of the 3 neonates were born at full term with mild
symptoms such as fever, vomiting, and lethargy; the third neonate was born at
31 weeks of gestation and developed respiratory distress syndrome and pneumonia,
along with leukocytosis and thrombocytopenia requiring noninvasive positive pressure ventilation and antibiotics because his blood culture was positive for Enterobacter spp. Hence, the contribution of SARS-CoV-2 in causing symptoms in the
third neonate was dubious. However, in a case reported by Dong and colleagues31
of a neonate born to a SARS-CoV-2–positive mother was found to have high levels
of SARS-CoV-2–specific IgM antibodies at 2 hours of age despite negative pressure
room delivery and strict adherence to precautions. Her PCR results were negative
on 5 consecutive samples during the first 16 days of life. Her IgM and IgG levels
were still elevated at 16 days of life, but were trending down. Because IgM antibodies
are elevated only after 3 to 7 days after the infection, high IgM levels in the infant only at
the 2 hours of age strongly suggested an intrauterine infection. In a review of 217 neonates born to SARS-CoV-2–infected mothers, only 7 (3%) tested positive.32 Of the 7,
3 had positive serum IgM and IgG levels with negative PCR and the remaining 4 had a
positive PCR from nasopharyngeal or anal swabs. In the national registry of perinatal
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COVID-19 infection established by the American Academy of Pediatrics Section on
Neonatal Perinatal Medicine (AAP SONPM NPC-19 registry), which includes 295 centers, 139 of 6229 infants (2.2%) born to COVID-19–positive mothers tested positive as
of February 20, 2021.33 More than one-third (2888) of these newborns had contact,
droplet, and air-borne isolation, 2303 (28%) had contact and droplet isolation, 1677
(20%) had contact, droplet, air-borne, and negative pressure isolation, 466(6%) had
unspecified form of isolation, and 873 (11%) had no isolation.33 Because the evidence
for vertical transmission is weak, newborns are most likely infected via horizontal
transmission after delivery from mother or other caregivers. Therefore, implementing
strict infection control measures during and after delivery, quarantine of infected
mothers, and close monitoring of neonates in the perinatal period was essential in
decreasing horizontal transmission. The CDC’s SET-NET had information of 2869
newborns delivered from 13 jurisdictions between March 29 and October 14, 2020.
They reported 610 infants (21.3%) who were tested and 16 (2.6%) of them were positive for SARS-CoV-2. They were primarily those born to women with infection at delivery.34 This result led to the development and implementation of essential delivery
preparedness strategies across various birthing centers to curb the spread of
SARS-CoV-2.
COVID-19 VACCINATION DURING PREGNANCY

The US Food and Drug Administration recently approved 2 vaccines against SARSCoV-2 (Pfizer-BioNtech mRNA vaccine and Moderna mRNA-1273 vaccine) under
the context of an Emergency Use Authorization in high-risk priority groups. The
CDC’s Advisory Committee on Immunization Practices and the ACOG have recommended their use in pregnant and lactating women.35,36 However, the data are lacking
regarding the benefits (to the mother and transplacental passage of passive immunity
to the fetus) and side effects of these vaccines in this subset of patients because pregnant women were not involved in the studies during vaccine development.37 In a study
by Flannery and colleagues38 involving 1714 mothers who delivered from April to
August 2020 in the northeastern United States, 83 (6%) had detectable IgG and/or
IgM antibodies at delivery. However, the majority of infants born to these seropositive
mothers (72/83) had detectable IgG levels at birth, suggesting transplacental transfer
during pregnancy. For Moderna mRNA-1273 vaccine, the WHO revised the recommendation on January 29, 2021, stating that “pregnant women at high risk of exposure
to SARS CoV-2 (e.g. health workers) or who have comorbidities which add to their risk
of severe disease, may be vaccinated in consultation with their health care provider.”39
Although immunization may be the best available options for pregnant and lactating
mothers to protect themselves and their infants, longitudinal clinical studies are
necessary to implement safe vaccination guidelines.
DELIVERY ROOM AND NEWBORN RESUSCITATION PRACTICES

Much of delivery room preparedness recommendations depended on the COVID-19
status of the mother. Therefore, a short turnaround time of the test was crucial for
optimal preparedness during delivery. If resources were available, all mothers were
tested for SARS-CoV-2 at delivery, regardless of their clinical profile, to prevent nosocomial spread to other patients and health care workers.40 All mothers whose COVID19 status was unknown either owing to a lack of resources, testing refusal, or in whom
the test results were not back by the time they delivered were considered positive
owing to the high asymptomatic carrier state.15 Important aspects of delivery room
preparedness included the availability of KN95 masks, appropriate personal
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protective equipment, medical professionals experienced in neonatal resuscitation to
minimize aerosolization during newborn resuscitation, and separation of the mother
from the newborn.15,40 Discussion and planning between the obstetric and neonatal
teams guided maternal and newborn care, such as the use of maternal steroids (dexamethasone for COVID-19–related lung injury in mother vs betamethasone for fetal lung
maturity), magnesium sulfate for preterm delivery, unfractionated heparin for thromboembolism prophylaxis, and the use of remdesvir.41 Positive pressure ventilation using
bag and mask, endotracheal intubations, and high-flow nasal cannula have the potential to aerosolize the respiratory droplets, allowing SARS-CoV-2 to remain in air for
more than 3 hours and propagate for more than 2 months.42 Pregnant women who
are COVID-19 positive or unknown should deliver preferably in a negative pressure
room, if available, with an adjoining room for neonatal resuscitation.40,43,44 If not available, a single room with minimal entry and exit of essential caregivers from the room is
paramount.43,44 Earlier, delayed cord clamping was deferred owing to the unknown
risk of vertical transmission.8 However, according to recent recommendations from
the ACOG and the AAP SONPM, delayed cord clamping can be practiced in suspected or confirmed COVID-19–positive mothers because there is no strong evidence
to suggest transplacental viral transmission at this time.43,45
Mode of Delivery

Varied speculations have been made on the mode of delivery in pregnant women with
SARS-CoV-2.46–49 Cesarean section was performed for routine obstetric indications
or worsening respiratory distress and exhaustion owing to COVID-19.40 Some centers
also preferred cesarean section for decreasing the total hospital stay of the mother
and to minimize cross-infection.40,47 However, in a case reported by Iqbal and colleagues,48 a full-term female infant who was born by vaginal delivery to a SARSCoV-2–infected mother was asymptomatic and discharged home on the 6th day of
life. A retrospective cohort study among adults found that SARS-CoV-2 was present
in stool samples for a longer duration compared with serum and respiratory mucosa.30
Therefore, caution should be taken in mothers with diarrhea during vaginal delivery. In
a systematic review by Khan and colleagues49 that which included 8 studies,
comprising a total of 100 women with COVID-19, cesarean section was noted in
85%, premature deliveries in 29%, and low birthweight infants in 16%. However, there
is a shift in this trend; recent data from the AAP SONPM NPC-19 registry showed that
of 7486 suspected or confirmed COVID-19–positive pregnant women, 4872 (65%)
delivered vaginally and the remaining 2614 (35%) underwent cesarean section as of
February 20, 2021.33
BREAST MILK AND BREASTFEEDING

The AAP, along with other academic organizations such as the Academy of Breast
Feeding, the CDC, and the WHO recommend breastfeeding in mothers with confirmed
or suspected COVID-19 while taking the necessary precautions.45,50–53 Mothers can
either pump breast milk or directly nurse the baby while wearing a face mask and performing breast and hand hygiene.52 The mother can either wash her hands with soap
and water or use sanitizer with at least 60% alcohol before touching the baby. Preferably, expressed breast milk should be fed by an uninfected healthy caregiver not at
risk of developing severe illness from SARS-CoV-2.54 Earlier studies were unable to
detect SARS-CoV-2 in breast milk.13,25,27,55,56 However, in few studies SARS-CoV-2
was detected in breast milk.57,58 A case was reported of a 32-week gestational age
preterm baby who was breastfed SARS-CoV-2–positive breast milk but did not
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become infected. The baby was inadvertently fed expressed breast milk from the
mother who later tested positive for SARS-CoV-2. Her expressed milk also tested positive by RT-PCR despite using a face mask and standard personal protective equipment while expressing the milk. However, the newborn tested negative for SARSCoV-2 nasopharyngeal swab as well as for antibodies at 30 days after the exposure.59
Similarly, in a series of 14 infants breast fed by SARS-CoV-2–positive mothers, breast
milk tested positive in only 1 case. Four of the 14 infants (including the one fed the
infected breast milk) tested positive for SARS-CoV-2, but the clinical course of all
the infants was uneventful. The repeat testing of these 4 infants was negative for
SARS-CoV-2 at 6 weeks.60 Although there is no clear evidence that infants fed breast
milk from COVID-19–positive mothers are protected from SARS-CoV-2 infection,
breast milk may contain antibodies against SARS-CoV-2 providing passive immunity
and protecting the baby. The Human Milk Banking Association of North America milk
banks provide heat-treated pasteurized donor breast milk that has been shown to
inactivate viruses similar to SARS-CoV-2.61 Hence, human donor milk could be
used in preterm and term neonates admitted to the nursery and neonatal intensive
care unit (NICU) for longer durations.
MOTHER AND NEWBORN SEPARATION

Owing to the unknown infective properties of the virus, the Chinese Neonatal 2019nCoV expert working Group published its first consensus statement in February
2020 soon after the first case of SARS-CoV-2 was reported in a neonate.8 They recommended separation of mother and child based on a systematic review of the adult
literature on SARS-CoV-2 as well as previous reports of Middle East respiratory
syndrome-related coronavirus and severe acute SARS-CoV infections.8 As more
cases were reported from China and around the world affecting newborns as early
as few hours, separation of the mother with suspected or confirmed SARS-CoV-2
from newborn was strongly recommended by other health organizations such as
the AAP, ACOG, and CDC.43,45,62 However, separation may not be always feasible
owing to the lack of infrastructure and resources available in other parts of the world.
Recent amendments to the CDCs guidelines allow a case-by-case approach and
takes into account decision made between the health care provider and mother, the
clinical condition of the mother and infant, availability of testing, staffing, space, personal protective equipment, and test results of the newborn.62 As of August 3, 2020,
the CDC recommends mothers to remain separated for at least 10 days after the
occurrence of first symptoms (20 days if critically ill or the mother is immunocompromised), and at least 24 hours after the last fever without use of antipyretics and
improvement in other symptoms.62 If the newborn is tested COVID-19 positive, there
is no need for separation. If the mother refuses separation, the newborn and mother
should be placed in a negative pressure room with 6 feet or more distance between
the two. In addition, the newborn should be placed in a temperature-regulated isolette
to minimize droplet spread from mother. The Italian Society of Neonatology guidelines
endorsed by the Union of European Neonatal and Perinatal Societies suggest that
rooming-in of mother and newborn is workable if a mother is SARS-CoV-2 positive,
or is a person under investigation, or is asymptomatic, or has minimal symptoms at
delivery, but with strict infection control measures.63 Ample research-based evidence
has concluded that early maternal–newborn bonding positively impacts the growth
and development in term and preterm neonates.64,65 Early separation may negatively
affect the bonding, breast milk production, and mental health of the mother during the
hospital stay and after discharge with uncertain short- and long-term implications. In a
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recent study of 45 newborns born to SARS-CoV-2–positive mothers, 33 (73%)
roomed-in with the mother. Thirty-one of the 33 newborns were breastfed within the
1 hour of birth. All 33 newborns tested negative for SARS-CoV-2, did not require
NICU admission, and remained asymptomatic at their 2-week telemedicine followup visit.66
CLINICAL FEATURES OF SARS-CoV-2 INFECTION IN NEONATES

Various clinical studies have concluded that newborns and infants are less susceptible
to SARS-CoV-2 infection and have a fairly mild clinical course with lower mortality
compared with adults. A few theories have been proposed explaining this difference
in clinical susceptibility. These include immature angiotensin-converting enzyme receptor 2 in neonates, which may prevent or decrease binding of the virus to the epithelial cells and naı̈ve immune system of newborn mounting a poor inflammatory
response.67,68 However, the exact pathogenesis of COVID-19 is still being investigated. Neonates and children are usually asymptomatic or develop mild symptoms
such as respiratory distress and feeding difficulties. A clinical finding of COVID-19
specific to newborns has not been recognized. The first few case series from China
reported that the majority of newborns born to SARS-CoV-2–confirmed positive
mothers were unaffected.25,26 Later, a few publications reported varied presentations
such as respiratory distress, shock, tachycardia, sepsis, thrombocytopenia, and occasionally death in neonates.8,9,32,69 Other presenting symptoms include temperature
instability, poor feeding, diarrhea, vomiting, and abdominal distension. Associated risk
factors such as prematurity, prolonged rupture of membranes, and sepsis were also
present in these neonates. In another case series of 4 neonates ranging between
30 hours and 17 days of age with a confirmed SARS-CoV-2 positive result by nucleic
acid testing, 2 had fever, 1 developed respiratory distress, 1 had cough, and 1 had no
symptoms.69 Recently, another case of a SARS-CoV-2–positive neonate was reported
who developed cyanosis and hypoxemia with respiratory distress at 48 hours of life.
His chest radiograph showed ground glass opacity and he improved on high-flow
nasal cannula with a 30% FiO2.70 Aghdam and colleagues71 reported a 15-day-old
neonate who presented with fever, tachycardia, and respiratory distress who
improved quickly and was discharged 6 days later. In China, a greater proportion of
infants less than 1 year of age had severe or critical disease compared with older children (10.6% vs 4.8%).72 Owing to the high incidence of asymptomatic cases, other
causes should be investigated in newborns with confirmed SARS-CoV-2 infection
who demonstrate clinical deterioration. However, in a recent review of 18 PubMed articles that included 25 SARS-CoV-2–positive confirmed newborns less than 28 days of
age, with a mean age of 8.2  8.5 days, a gestational age of 37.4  4.0 weeks, and a
birth weight of 3041.6  866.0 grams, the clinical features included fever in 28%, vomiting in 16%, cough or shortness of breath in 12%, diarrhea, lethargy or respiratory difficulty in 8% or cyanosis, feeding intolerance, hyperpnea, mild intercostal retractions,
mottling, sneezing, nasal stuffiness, and paroxysmal episodes in 4%; only 16% of
these newborns were completely asymptomatic.73 Deaths were not reported in any
of the newborns and 8 of 25 (32%) required intensive care. The mean length of hospital
stays of 15.8  10.8 days.73 In another review of 26 articles published from December
1, 2019, to May 12, 2020, that included 38 SARS-CoV-2–positive confirmed neonates,
26 (68%) were symptomatic at a median age of 10 days (IQR, 2–19 days).74 Clinical
findings included fever in 50%, gastrointestinal symptoms in 26%, hypoxia in 20%,
and cough in 20%. All newborns were discharged home after a median length of
stay of 10 days (IQR, 6–14 days).74 In a study by the national surveillance registry of
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UK that included 66 newborns who tested positive, 16 (24%) were born preterm. The
incidence of SARS-CoV-2 was estimated to be 5.6 per 10,000 live births. The most
common symptoms were hyperthermia (35%), poor feeding/vomiting (33%), and
coryza (26%). In terms of respiratory support, 33% required supplemental oxygen,
15% required noninvasive ventilation, and 5% required intubation.75 In a large
single-center study in New York including 101 newborns born to SARS-CoV-2–positive mothers, maternal severe or critical COVID-19 disease was associated with birth
approximately 1 week before the due date (median gestational age, 37.9 weeks [IQR,
37.1–38.4 weeks] vs median, 39.1 weeks [IQR, 38.3–40.2 weeks]; P 5 .02) and an
increased risk of requiring phototherapy (3 of 10 [30.0%] vs 6 of 91 [7.0%]; P 5 .04)
compared with newborns of mothers with asymptomatic or mild COVID-19.76 Interestingly, a preterm newborn delivered at 34 weeks of gestation developed late-onset fever, thrombocytopenia, and elevated inflammatory markers concerning for fetal
inflammatory response syndrome, which was attributed to maternal SARS-CoV-2
infection. The neonate tested negative for SARS-CoV-2 by RT-PCR twice 24 hours
apart. He subsequently developed pulmonary hypertension requiring inhaled nitric oxide with significant improvement and discharge home at 22 days of age.77
DEFINITION OF COVID-19 IN NEONATES

In February 2020, the Chinese Perinatal-neonatal 2019-nCoV Committee proposed
the definition of suspected and confirmed neonatal cases after a systematic review
of current and previous literature in their consensus statement.
Suspected COVID-19

All newborns born to SARS-CoV-2–positive confirmed mothers within 14 days before
birth and 28 days after birth or newborns exposed directly to SARS-CoV-2–infected
individuals (including family members, caregivers, medical staff, and visitors) are
considered to be suspected cases.8
Confirmed COVID-19

Newborn in whom respiratory tract or blood specimens tested by RT-PCR are positive for SARS-CoV-2;
OR
Virus gene sequencing of the respiratory tract or blood specimens is highly homologous to that of the known SARS-CoV-2 specimens.8
Management

The majority of newborns with suspected and confirmed SARS-CoV-2 who require
medical attention do so because of associated comorbidities of the perinatal period.
All newborns with suspected or confirmed SARS-CoV-2 should be quarantined with
droplet and contact precautions for at least 14 days. The management of these newborns is mainly supportive. Owing to a lack of evidence of the efficacy and safety
profile of pharmaceutical agents such as hydroxychloroquine, azithromycin, and
remdesivir in newborns, their use is not recommended.5,8 Similarly, there is no evidence for the effectiveness of gamma globulin, hormonal therapy or interferon therapy.8 However, owing to the widespread use of the COVID-19 vaccine, we expect to
see an increase in the titers of anti-COVID-19 antibodies in intravenous immunoglobulin pooled from plasma donors that could be used for treating SARS-CoV-2 in the
near future. Modifications in clinical practice made while caring for newborns with
SARS-CoV-2 in terms of respiratory support, isolation, appropriate use of personal
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protective equipment, and KN95 masks by health care providers, laboratory and
radiology staff and for discharge planning is summarized elsewhere in this article.
Respiratory support, personal protective equipment, and isolation

There are few neonates reported with suspected or confirmed SARS-CoV-2 requiring
respiratory support so far.9,78 Aerosolization of SARS-CoV-2 can be decreased by
limiting and/or cautiously performing procedures such as ventilation (bag and mask,
invasive and noninvasive), endotracheal intubation, and insertion of orogastric or
nasogastric tubes.5,15,40,79 For bag and mask ventilation, high-efficiency particulate
air filters should be used between the mask and CO2 detector to minimize aerosolization.80,81 Dual limb conventional ventilators are a closed circuit containing in-built
high-efficiency particulate air filters near the endotracheal tube and, therefore, are
safer than bag and mask ventilation.80,81 Suctioning should be performed using an
in-line suction catheter.80 The use of personal protective equipment, including a
face mask, face shield, and gloves, while performing these aerosolization procedures
and even otherwise is essential for health care workers to protect themselves and
minimize spread while taking care of these newborns as recommended by the
CDC.82 Depending on the availability of infrastructure and resources, isolation or
cohorting of confirmed newborns in a designated enclosed space in NICU is recommended.8,40 Reusable monitoring tools such as stethoscope and thermometers
should not be shared among patients.
Laboratory evaluation

Both the AAP and the CDC recommend testing for SARS-CoV-2 for all newborns
delivered by suspected or confirmed SARS-CoV-2–positive mothers because it
guides ongoing infection prevention and control, clinical observation of newborn,
the need for isolation, discharge planning, and newborn outpatient follow-up
visits.45,82 The timing of first testing is usually between 24 and 48 hours after delivery,
depending on the discharge plan for the newborn. If the results of the first test at 24
hours are negative, the AAP recommends repeat testing at 24 hours or later after
the first test result because some tests in newborns become positive at a later time.
If the first test performed at 24 hours is positive, then repeat testing at least 24 hours
apart should be performed until 2 test results are negative.45,82 This process will suggest clearance of the virus from the mucosal sites. RT-PCR from nasopharyngeal and
throat swabs are recommended. Presently, the diagnostic role of antibody testing has
not been well-established owing to inconclusive data.
Radiologic studies

A chest radiograph should be performed if clinically indicated. Radiologic findings in
newborns are not specific and may include ground glass opacities, unilateral and bilateral subsegmental opacities and pneumothorax.8,9,26 In a national surveillance registry
from the UK, of the 26 newborns who were SARS-CoV-2 positive and had chest radiographs, 14 (56%) had abnormal findings, with ground-glass changes reported in 7
(28%); in addition. 4 of these 7 babies were born preterm.75
ROUTINE NEWBORN SURVEILLANCE AND NEWBORN/NEONATAL INTENSIVE CARE
UNIT VISITATION BY FAMILY MEMBERS

In April 2020, the Vermont Oxford Network, in partnership with the AAP SONPM, conducted an audit to assess the impact of SARS-CoV-2 on neonates and their families.83
Of the 332 hospitals, 54% reported shortages of equipment, testing, or personnel,
73% reported minor disruptions to care for infants and families, and 3% reported
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an inability to provide care to some, most, or all infants.84 Owing to the ever-evolving
evidence of SARS-CoV-2 transmission between asymptomatic carriers, varying policy
changes have been made by many NICUs and newborn nurseries across the world to
limit the entry of healthy family members. Owing to vulnerability of the infant’s health in
the NICU, the AAP recommends restricting parents and family members with COVID19 for 14 to 20 days from the onset of disease symptoms or the first positive test.45
Some NICUs made strict visitation policies with exceptions on a case-by-case basis.
This difference led to disparities in the NICU visitation by family members and lack of
parental participation in family-centered rounds.83 The AAP strongly advocated that
“any policy restricting visitors for pediatric patients should be applied equally regardless of children’s race, ethnicity, socioeconomic status, culture, and religion” to minimize health disparities.85 Nonetheless, various social, emotional, and psychological
challenges were faced by family members during the separation of neonates staying
for an extended duration in the NICU.83 Parental stress arising from NICU admission
has been associated with poor neurodevelopmental outcomes in preterm babies.86
Especially in the pandemic, parental stress can worsen owing to restricted visitation.
Owing to growing evidence of low transmission risk in the NICU, these restrictions
have been alleviated to some extent in most NICUs and newborn nurseries across
the country.87 In a center where universal screening of neonates, parents, and staff
was practiced, no SARS-CoV-2 infection among the neonates admitted to the NICU
was noted in an area with a high incidence of SARS-CoV-2.88 If parental visitation is
restricted, the NICU should provide numerous ways to best support infants and their
families to cope within this stressful environment.89 As the literature on SARS-CoV-2 in
neonates accumulates, evidence-based policies should be formulated to prevent horizontal spread of SARS-CoV-2 in the NICU that can be applicable universally.90
DISCHARGE PLANNING AND FOLLOW-UP

Routine newborn care including physical examination, vitamin K injection, administration of erythromycin eye ointment, performing hearing and critical congenital heart disease screens, and administering hepatitis B vaccine per the institutional policies
should be completed before discharge, regardless of SARS-CoV-2 testing. If the
newborn tests positive, remains positive on repeat testing, and is asymptomatic,
then the newborn can be discharged with home quarantine for 10 days from the first
positive test.45 Care should be taken to prevent spread from the newborn to other
members at home. Newborn visits can be arranged by telemedicine or phone. Inoffice visits should be avoided as far as possible to prevent spread. Some hospital
centers, through charitable organizations, have been arranging and distributing electronic scales at discharge for assessing weight gain at home.40 This practice may
decrease the need for newborn in-office visits. If an in-office visit is necessary, parents
should inform the clinic about the COVID-19 status of the newborn and the accompanying parent before arrival so that necessary precautions can be in place at the pediatrician’s office. If the newborn is tested negative at discharge, then thorough parental
counseling and additional infection prevention education should be provided to all the
possible caregivers and household members after discharge. Other household members who may have been exposed to COVID-19 should maintain 6 or more feet of distance with the use of facemasks and adequate hand hygiene.45 In a cohort analysis of
101 neonates born to mothers with perinatal SARS-CoV-2 infections at a single institution in New York, 55 who were seen at the newborn COVID-19 follow-up clinic
remained healthy at 2 weeks of life. The appropriate duration of infection control practiced by the breastfeeding mother is unknown because a varying duration of viral
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shedding has been shown from different sites.30 However, the AAP recommends that
infection control be practiced for at least 10 days from the onset of symptoms and at
least 24 hours from being afebrile without antipyretics.7 Other precautionary measures
as mentioned elsewhere in this article should be followed by mothers while breastfeeding. Parents should be educated regarding normal newborn care and common
red flags concerning illness in newborns.45
CLINICS CARE POINTS

 While extensive research suggest horizontal transmission of COVID-19 from caregivers to
neonates, there are few case reports demonstrating the rare possibility of vertical
transmission.
 Although most of the neonates with SARS-CoV2 are asymptomatic or have a mild clinical
course, there are rare case reports of severe disease manifestation in this age group.
 Most governing agencies have recommended mothers with COVID-19 to continue breast
feeding, considering its long-term benefits.
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KEY POINTS
 Virtual learning has become a norm during COVID-19.
 Children requiring special learning services, those living in poverty, and those speaking
English as a second language have lost more from the pandemic educational changes.
 For children with attention deficit disorder and no comorbidities, virtual learning has sometimes been advantageous.
 Math learning scores are more likely to be affected than language arts scores by
pandemic changes.
 School meals, access to friends, and organized activities have also been lost with the
closing of in-person school.

BACKGROUND

The transition to an online education during the coronavirus disease 2019 (COVID-19)
pandemic may bring about adverse educational changes and adverse health consequences for children and young adult learners in grade school, middle school, high
school, college, and professional schools. The effects may differ by age, maturity,
and socioeconomic class. At this time, we have few data on outcomes, but many oversight organizations have tried to establish guidelines, expressed concerns, and
extrapolated from previous experiences.
GENERAL EDUCATIONAL LOSSES AND DISPARITIES

Many researchers are examining how the new environment affects learners’ mental,
physical, and social health to help compensate for any losses incurred by this
pandemic and to better prepare for future pandemics. There is a paucity of data at
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this juncture, but some investigators have extrapolated from earlier school shutdowns
owing to hurricanes and other natural disasters.1
Inclement weather closures are estimated in some studies to lower middle school
math grades by 0.013 to 0.039 standard deviations and natural disaster closures by
up to 0.10 standard deviation decreases in overall achievement scores.2 The data
from inclement weather closures did show a more significant decrease for children
dependent on school meals, but generally the data were not stratified by socioeconomic differences.3,4 Math scores are impacted overall more negatively by school absences than English language scores for all school closures.4,5
The Northwest Evaluation Association is a global nonprofit organization that provides research-based assessments and professional development for educators. A
team of researchers at Stanford University evaluated Northwest Evaluation Association test scores for students in 17 states and the District of Columbia in the Fall of
2020 and estimated that the average student had lost one-third of a year to a full year’s
worth of learning in reading, and about three-quarters of a year to more than 1 year in
math since schools closed in March 2020.5
With school shifted from traditional attendance at a school building to attendance
via the Internet, families have come under new stressors. It is increasingly clear that
families depended on schools for much more than math and reading. Shelter, food,
health care, and social well-being are all part of what children and adolescents, as
well as their parents or guardians, depend on schools to provide.5,6
Many families have been impacted negatively by the loss of wages, leading to food
insecurity and housing insecurity; some of loss this is a consequence of the need for
parents to be at home with young children who cannot attend in-person school.6 There
is evidence that this economic instability is leading to an increase in depression and
anxiety.7 In 1 survey, 34.71% of parents reported behavioral problems in their children
that they attributed to the pandemic and virtual schooling.8
Children have been infected with and affected by coronavirus. In the United States,
93,605 students tested positive for COVID-19, and it was reported that 42% were Hispanic/Latino, 32% were non-Hispanic White, and 17% were non-Hispanic Black,
emphasizing a disproportionate effect for children of color.9 COVID infection itself is
not the only issue that affects children’s health during the pandemic. School-based
health care and school-based meals are lost when school goes virtual and children
of lower socioeconomic class are more severely affected by these losses. Although
some districts were able to deliver school meals, school-based health care is a primary source of health care for many children and has left some chronic conditions unchecked during the pandemic.10
Many families report that the stress of the pandemic has led to a poorer diet in children with an increase in the consumption of sweet and fried foods.11,12 Shelter at
home orders and online education have led to fewer exercise opportunities. Research
carried out by Ammar and colleagues12 found that daily sitting had increased from 5 to
8 hours a day and binge eating, snacking, and the number of meals were all significantly increased owing to lockdown conditions and stay-at-home initiatives. There
is growing evidence in both animal and human models that diets high in sugar and
fat can play a detrimental role in cognition and should be of increased concern in light
of the pandemic.13
The family stress elicited by the COVID-19 shutdown is a particular concern
because of compiled evidence that adverse life experiences at an early age are associated with an increased likelihood of mental health issues as an adult.14 There is early
evidence that children ages 6 to 18 years of age experienced a significant increase in
their expression of “clinginess, irritability, and fear” during the early pandemic school
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shutdowns.15 These emotions associated with anxiety may have a negative impact on
the family unit, which was already stressed owing to the pandemic.
Another major concern is the length of isolation many children have had to endure
since the pandemic began and what effects it might have on their ability to socialize.
The school, for many children, is the agent for forming their social connections as well
as where early social development occurs.16 Noting that academic performance is
also declining the pandemic may be creating a snowball effect, setting back children
without access to resources from which they may never recover, even into adulthood.
Predictions from data analysis of school absenteeism, summer breaks, and natural
disaster occurrences are imperfect for the current situation, but all indications are that
we should not expect all children and adolescents to be affected equally.4,5 Although
some children and adolescents will likely suffer no long-term consequences, COVID19 is expected to widen the already existing educational gap from socioeconomic differences, and children with learning differences are expected to suffer more losses
than neurotypical children.4,5
SPECIAL EDUCATION AND THE COVID-19 PANDEMIC

Although COVID-19 has affected all levels of education reception and delivery, children with special needs have been more profoundly impacted. Children in the United
States who have special needs have legal protection for appropriate education by the
Individuals with Disabilities Education Act and Section 504 of the Rehabilitation Act of
1973.17,18 Collectively, this legislation is meant to allow for appropriate accommodations, services, modifications, and specialized academic instruction to ensure that
“every child receives a free appropriate public education . . . in the least restrictive
environment.”17
Children with autism usually have applied behavioral analysis (ABA) as part of their
individualized educational plan. ABA therapists for autism use a technique of discrete
trial training that shapes and rewards incremental changes toward new behaviors.19
Discrete trial training involves breaking behaviors into small steps and repetition of rewards for small advances in the steps toward those behaviors. It is an intensive oneon-one therapy that puts a child and therapist in close contact for many hours at a
time, often 20 to 40 hours a week. This therapy works best when initiated at a young
age in children with autism and is often initiated in the home.19
Because ABA workers were considered essential workers from the early days of the
pandemic, organizations providing this service had the responsibility and the freedom
to develop safety protocols for delivery of this necessary service and did so in
conjunction with certifying boards.20
Early in the pandemic, there were interruptions in ABA followed by virtual visits, and
finally by in-home therapy with COVID-19 isolation precautions.21 Although the efficacy of virtual visits for ABA therapy would empirically seem to be inferior, there are
few outcomes data available. The balance of safety versus efficacy quite early turned
to in-home services with interruptions owing to illness and decreased therapist availability owing to the pandemic.21 An overarching concern for children with autism is the
possible loss of a window of opportunity to intervene early. Families of children and
adolescents with autism spectrum disorder report increased stress compared with
families of children with other disabilities before the pandemic, and during the
pandemic this burden has increased with the added responsibility of monitoring inhome schooling.20
Early data on virtual schooling children with attention deficit disorder (ADD) and
attention deficit with hyperactivity (ADHD) shows that adolescents with ADD/ADHD
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found the switch to virtual learning more anxiety producing and more challenging than
their peers.22 However, according to a study in Ireland, younger children with ADD/
ADHD and no other neurologic or psychiatric diagnoses who were stable on medication tended to report less anxiety with at-home schooling and their parents and caregivers reported improved behavior during the pandemic.23 An unexpected benefit of
shelter in home versus shelter in place may be to identify these stressors in face-toface school for children with ADD/ADHD. If children with ADD/ADHD had an additional
diagnosis of autism or depression, they reported increased anxiety with the school
shutdown.23,24
Much of the available literature is anticipatory guidance for in-home schooling of
children with disabilities rather than data about schooling during the pandemic. The
American Academy of Pediatrics published guidance advising that, because 70% of
students with ADHD have other conditions, such as learning differences, oppositional
defiant disorder, or depression, they may have very different responses to in home
schooling which are a result of the non-ADHD diagnosis, for example, refusal to
attempt work for children with oppositional defiant disorder, severe anxiety for those
with depression and or anxiety disorders, and anxiety and perseveration for children
with autism.25 Children and families already stressed with learning differences have
had substantial challenges during the COVID-19 school closures.
HIGH SCHOOL, DEPRESSION, AND COVID-19

High schoolers have lost a great deal during this pandemic. What should have been a
time of establishing more independence has been hampered by shelter-in-place recommendations. Graduations, proms, athletic events, college visits, and many other
social and educational events have been altered or lost and cannot be recaptured.
Adolescents reported higher rates of depression and anxiety associated with the
pandemic, and in 1 study 14.4% of teenagers report post-traumatic stress disorder,
whereas 40.4% report having depression and anxiety.26 In another survey adolescent
boys reported a significant decrease in life satisfaction from 92% before COVID to
72% during lockdown conditions. For adolescent girls, the decrease in life satisfaction
was from 81% before COVID to 62% during the pandemic, with the oldest teenage
girls reporting the lowest life satisfaction values during COVID-19 restrictions.27 During
the school shutdown for COVID-19, 21% of boys and 27% of girls reported an increase in family arguments.26 Combine all of these reports with decreasing access
to mental health services owing to pandemic restrictions and it becomes a complicated matter for parents to address their children’s mental health needs as well as
their educational needs.28
A study conducted in Norway measured aspects of socialization and mood changes
in adolescents during the pandemic. The opportunity for prosocial action was rated on
a scale of 1 (not at all) to 6 (very much) based on how well certain phrases applied to
them, for example, “I comforted a friend yesterday,” “Yesterday I did my best to care
for a friend,” and “Yesterday I sent a message to a friend.” They also ranked mood by
rating items on a scale of 1 (not at all) to 5 (very well) as items reflected their mood.29
They found that adolescents showed an overall decrease in empathic concern and opportunity for prosocial actions, as well as a decrease in mood ratings during the
pandemic.29
A survey of 24,155 residents of Michigan projected an escalation of suicide risk for
lesbian, gay, bisexual, transgender youth as well as those youth questioning their sexual orientation (LGBTQ) associated with increased social isolation. There was also a
66% increase in domestic violence for LGBTQ youth during shelter in place.30 LGBTQ
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youth are yet another example of those already at increased risk having disproportionate effects of the pandemic.
Increased social media use during COVID-19, along with traditional forms of education moving to digital platforms, has led to the majority of adolescents spending significantly more time in front of screens. Excessive screen time is well-known to be
associated with poor sleep, sedentary habits, mental health problems, and physical
health issues.31 With decreased access to physical activity, especially in crowded
inner-city areas, and increased dependence on screen time for schooling, it is more
difficult to craft easy solutions to the screen time issue.
During these times, it is more important than ever for pediatricians to check in on the
mental health of patients with queries about how school is going, how patients are
keeping contact with peers, and how are they processing social issues related to
violence. Queries to families about the need for assistance with food insecurity, housing insecurity, and access to mental health services are necessary during this time of
public emergency.
MEDICAL SCHOOL AND COVID-19

Although medical school is an adult schooling experience, it affects not only the medical profession and our junior colleagues, but, by extrapolation, all education that requires hands-on experience or interning, and has been included for those reasons.
In the new COVID-19 era, medical schools have been forced to make drastic and
quick changes to multiple levels of their curriculum to ensure both student and patient
safety during the pandemic. Students entering their clinical rotations have had the
most drastic alteration to their experience.
COVID-19 has led to some of the same changes high schools and colleges have
adopted, specifically, replacement of large in-person lectures with small group activities small group discussion and virtual lectures.32 The transition to an online format for
medical education has been rapid and impacted both students and faculty.33,34 In a
survey by Singh and colleagues,33 of the 192 students reporting 43.9% found online
lectures to be poorer than physical classrooms during the pandemic. In another report
by Shahrvini and colleagues,35 of 104 students surveyed, 74.5% students felt disconnected from their medical school and their peers and 43.3% felt that they were unprepared for their clerkships. Although there are no pre-COVID-19 data for comparison, it
is expected that the COVID-19 changes will lead to increased insecurity and feelings
of poor preparation for clinical work.
Gross anatomy is a well-established tradition within the medical school curriculum and one that is conducted almost entirely in person and in close quarters
around a cadaver. Harmon and colleagues36 surveyed 67 gross anatomy educators
and found that 8% were still holding in-person sessions and 34  43% transitioned
to using cadaver images and dissecting videos that could be accessed through the
Internet.
Many third- and fourth-year medical students have seen periods of cancellation for
clinical rotations and supplementation with online learning, telemedicine, or virtual
rounds owing to the COVID-19 pandemic.37 A study from Shahrvini and colleagues38
found that an unofficial document from Reddit (a widely used social network platform
with a subgroup for medical students and residents) reported that 75% of medical
schools had canceled clinical activities for third- and fourth-year students for some
part of 2020. In another survey by Harries and colleagues,39 of the 741 students
who responded, 93.7% were not involved in clinical rotations with in-person patient
contact. The reactions of students varied, with 75.8% admitting to agreeing with the
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decision, 34.7% feeling guilty, and 27.0% feeling relieved.39 In the same survey,
74.7% of students felt that their medical education had been disrupted, 84.1% said
they felt increased anxiety, and 83.4% would accept the risk of COVID-19 infection
if they were able to return to the clinical setting.39
Since the start of the pandemic, medical schools have had to find new and innovative ways to continue teaching and exposing students to clinical settings. The use of
electronic conferencing services has been critical to continuing education. One
approach has been to turn to online applications like Google Hangouts, which come
at no cost and offer a wide variety of tools to form an integrative learning environment.32,37,40 Schools have also adopted a hybrid model of teaching where lectures
can be prerecorded then viewed by the student asynchronously on their own time followed by live virtual lectures where faculty can offer question-and-answer sessions
related to the material. By offering this new format, students have been given more
flexibility in terms of creating a schedule that suits their needs and may decrease
stress.37
Although these changes can be a hurdle to students and faculty, it might prove to be
beneficial for the future of medical training in some ways. Telemedicine is a growing
field, and the American Medical Association and other programs have endorsed its
value.41 Telemedicine visits can still be used to take a history, conduct a basic visual
physical examination, and build rapport, as well as performing other aspects of the
clinical examination during a pandemic, and will continue to be useful for patients unable to attend regular visits at remote locations. Learning effectively now how to
communicate professionally and carry out telemedicine visits may better prepare students for a future where telemedicine is an expectation and allow students to learn the
limitations as well as the advantages of this modality.41
Pandemic changes have strongly impacted the process of college applications,
medical school applications, and residency applications.32 For US medical residencies, 72% of applicants will, if the pattern from 2016 to 2019 continues, move
between states or countries.42 This level of movement is increasingly dangerous
given the spread of COVID-19 and the lack of currently accepted procedures to
carry out such a mass migration safely. The same follows for medical schools and
universities.
We need to accept and prepare for the fact that medial students as well as other
learners who require in-person training may lack some skills when they enter their profession. These skills will have to be acquired during a later phase of training. We may
have less skilled entry-level resident physicians and nurses in our hospitals and in
other clinical professions as well.
SUMMARY

The COVID-19 pandemic has affected and will continue to affect the delivery of knowledge and skills at all levels of education. Although many children and adult learners will
likely compensate for this interruption of traditional educational services and adapt to
new modalities, some will struggle. The widening of the gap for those whose families
cannot absorb the teaching and supervision of education required for in-home education because they lack the time and skills necessary are not addressed currently. The
gap for those already at a disadvantage because of socioeconomic class, language,
and special needs are most severely affected by the COVID-19 pandemic school closures and will have the hardest time compensating. As pediatricians, it is critical that
we continue to check in with our young patients about how they are coping and what
assistance we can guide them toward in our communities.
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CLINICS CARE POINTS

 Learners and educators at all levels of education have been affected by COVID-19 restrictions
with rapid adaptations to virtual learning platforms.
 The impact of COVID-19 on learners is not evenly distributed and children of racial minorities,
those who live in poverty, those requiring special education, and children who speak English
as a second language are more negatively affected by the need for remote learning.
 Math scores are more impacted than language arts scores by previous school closures and
thus far by these shutdowns for COVID-19.
 Anxiety and depression have increased in children and particularly in adolescents as a result
of COVID-19 itself and as a consequence of school changes.
 Pediatricians should regularly screen for unmet needs in their patients during the pandemic,
such as food insecurity with the loss of school meals, an inability to adapt to remote learning
and increased computer time, and heightened anxiety and depression as results of school
changes.
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KEY POINTS
 COVID-19 is predominantly a respiratory disease that affects children less commonly and
less seriously than adults.
 Neurologic manifestations, although more common in adults, are also being seen in children infected with the virus, especially those with multisystem inflammatory syndrome in
children.
 Neurologic features of the virus are highly variable, involving the central as well as the peripheral nervous system.
 Multiple mechanisms of neurologic involvement by the virus have been postulated,
including attachment to the neuronal ACE-2 receptors, via the olfactory nerve or
immune-mediated pathogenesis. These mechanisms lead individually or collectively to
an “endotheliopathy” with resultant neurologic symptoms.
 No specific treatments for the central or peripheral nervous system involvement are available to date; however, caution must be advised in administering immunotherapy where
required, as this may decrease the body’s innate immunity to fight the virus.

INTRODUCTION

In December 2019, a novel coronavirus, now designated as severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), was reported to cause a severe form of pneumonia in adults living in the Wuhan province of China in December 2019. The resultant
clinical syndrome, termed COVID-19, has since been declared a pandemic, and cases
have been reported from every country in the world.1 In this article, the authors
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describe the current state of knowledge regarding the neurologic complications of
COVID-19 in children.
EPIDEMIOLOGY

Although children were initially thought to be immune from COVID-19, it is now known
that children can indeed develop the disease and shed the virus, although a smaller
proportion of the pediatric population suffers from disease-related morbidity and mortality compared with adults.2 Children form only about 1% to 5% of all COVID-19 infections worldwide, and 80% of them are either asymptomatic or have mild infection.3
In the largest published cohort thus far, 1% of affected children were less than 10 years
of age and 1% were between 10 and 18 years of age.4 The youngest reported patient
was a 1-day-old.5 In a study of more than 700 children from China who tested positive
for the SARS-CoV-2 virus, less than 6% had severe symptoms requiring supplemental
oxygen or admission to the hospital.6
In an adult cohort in Wuhan, 36.4% of patients with COVID-19 had neurologic manifestations, including headache, dizziness, stroke, or seizures.7 Neurologic manifestations were mostly noted in those with severe underlying infection, suggested by more
deranged laboratory markers like lymphopenia, D-dimer, and therefore, neurologic features may suggest a higher disease burden and possibly a higher viral load. In a Chinese
study of 171 children, no neurologic manifestations were reported, whereas an Italian
study reported only nonspecific headaches in 4% to 28% of affected children.3,8 Incidence of neurologic manifestations in children with COVID-19 was reported as 9.2%
in a meta-analysis of 28 pediatric studies, with a total of 199 children included.9 However, with the recently described multisystem inflammatory syndrome in children
(MIS-C), which may be a postinfectious immune response to prior infection, the incidence of neurologic manifestations has reportedly increased to 34%.10
PATHOPHYSIOLOGY

SARS-CoV-2 may enter the central nervous system (CNS) through hematogenous
spread or retrograde transmission (Fig. 1).
SARS-CoV-2 appears to have neurotropic potential similar to SARS-CoV and MERS
(Middle East respiratory syndrome) viruses as well as other respiratory viruses, such as

Fig. 1. Proposed mechanisms of neuroinvasion by SARS-CoV-2.
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influenza, respiratory syncytial virus, Human Herpes Virus (HHV)-6 and -7, echovirus,
and coxsackie virus. Autopsy reports of edema in the medulla oblongata with microscopic evidence of neuronal degeneration in this part of the brain stem may explain
the depressed respiratory drive in infected patients.11 Indirect evidence of neurotropism
with resultant astrocytic and neuronal injury is provided by studies demonstrating
elevated serum levels of biomarkers such as glial fibrillary acidic protein (GFAP) and
neurofilament (nFL). GFAP is a marker of glial activation, whereas nFL is indicative of
neuronal injury.12 More importantly, in vitro replicability of SARS-CoV-2 has been
demonstrated in pulmonary, intestinal, hepatic, renal, and neuronal cells.13
Evidence for hematogenous spread is obtained from electron microscopic studies
noting the presence of viral particles in the endothelial cells of the brain capillaries.14
Angiotensin converting enzyme 2 (ACE2) has gathered interest as the binding target receptor of CoV-2 on the vascular endothelium. SARS-CoV-2 differs from SARS-CoV
because of 380 amino-acid substitutions that lead to differences in the viral spike protein (S), which forms a key part of the receptor binding domain. These changes cause
the novel SARS virus to have greater binding affinity with the ACE2 receptor, which is
expressed on a variety of cells, including neurons.15 The entry of the virus into cells is
facilitated by the interaction between the trimeric viral S protein with the extracellular
domain of the transmembrane ACE2 protein. ACE2, in turn, constitutes an important
mechanism for negative regulation of the renin angiotensin pathway (RAS). The disinhibition of the RAS pathway that is caused by binding of the virus to ACE2 leads to direct
loss of ACE2 receptors and via proteolytic processing and shedding, may drive the systemic manifestations of COVID-19, making it a far more serious disease than SARS-CoV
that primarily led to an acute respiratory distress syndrome phenotype.16
Retrograde axonal transmission predominantly via the olfactory bulb has been proposed as another potential mechanism to explain the spread of SARS-CoV-2 to the
CNS. Experiments in mice have demonstrated that intranasal infection with SARS-CoV
can lead to disruption of the nasal epithelium and subsequent neuroinvasion.17 The presence of anosmia in infected individuals may also lend credence to this theory of neuroinvasion via the olfactory cells, the only part of the CNS not protected by dura mater.
Retrograde transmission through other cranial nerves has also been postulated via the
tongue through cranial nerve VII, IX, and X to the nucleus of tractus solitarius, the thalamus,
and then the cortex, or through the corneal and buccal epithelium via cranial nerve V.18
In addition to the above proposed mechanisms, the neurologic effects of SARSCoV-2 may also be related to release of inflammatory agents that can occur with systemic viremia. These inflammatory chemicals may lead to partial break down of the
blood-brain barrier (BBB), thereby allowing peripheral cytokines to gain access to
the CNS, which in turn can exacerbate or trigger neuroinflammation.19,20 In the pediatric population, this mechanism may assume special importance as a systemic inflammatory/autoinflammatory response with multiorgan dysfunction and has been
widely reported.21,22 Therefore, in a sense, the CNS manifestations of SARS-CoV-2
may be due to an “endotheliopathy,”-either because of direct invasion of the endothelial cells in the vasculature of the BBB or because of an immune-mediated cascade
that causes swelling or inflammation of these cells.23
CLINICAL FEATURES
Central Nervous System
Manifestations described in children and adults

1. Meningitis/encephalitis/encephalopathy: In a meta-analysis of 187 children with
MIS-C, 64 (34%) were reported to have symptoms suggestive of meningitis or
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2.

3.

4.

5.

encephalitis, including headache, positive meningeal signs, and altered mental status. Of these children, only 8 had evaluation of the cerebrospinal fluid (CSF). Five of
them showed CSF pleocytosis, but none had SARS-CoV-2 isolated via CSF
reverse transcription-polymerase chain reaction (RT-PCR).10 In another study of
27 children with COVID-19 based in the United Kingdom, 4 (15%) had altered
mentation, encephalopathy, headaches, and brainstem and cerebellar ataxia.24
One of the youngest reported children with COVID-19–related neurologic involvement was a 6-week-old infant who has episodes of bilateral leg stiffening and sustained upward gaze.25 Several reported cases of adults with altered mental status,
meningismus, seizures, and occasionally focal neurologic deficits, including facial
weakness, diplopia, and oscillopsia, have also been described.26 Some of these
patients demonstrated a positive CSF RT-PCR for SARS-CoV-2.27 Apart from
the neurotropism of the virus itself, another possible mechanism of the encephalopathy may be the severe hypoxia seen in these patients, which may cause cerebral vasodilation and eventually diffuse cerebral edema.28
Seizures: In a multicenter Italian study on children with SARS-CoV-2, 3% of children were noted to have seizures, with 60% of these children having an underlying
diagnosis of epilepsy.29 The seizures were not associated with fever in all cases. A
detailed description of seizure semiology or duration was not provided in these
cases either. In a case series of 8 critically ill pediatric patients, a 10-month-old
was described who had intussusception, multiorgan dysfunction disseminated
intravascular coagulation, toxic encephalopathy, and status epilepticus.30 Seizures
were also reported along with fever, cough, and vomiting, in a 2-year-old girl with
RT-PCR–confirmed COVID-19 by nasopharyngeal swab.31
Stroke: Acute cerebrovascular disease in COVID-19 may manifest as intraparenchymal hemorrhage, large vessel occlusion, or venous sinus thrombosis. A 16year-old boy with aseptic meningitis, cavernous sinus thrombosis, followed by
left middle cerebral artery stroke and eventual death was described in the French
literature.32 However, it is not clear if arterial strokes are predominantly due to large
or small vessel disease. It is postulated that SARS-CoV-2 leads to vessel thrombosis secondary to endothelial dysfunction, stasis, platelet activation, or
inflammation.33
Possible developmental delay: Vertical transmission of the virus from mother to
fetus has not been demonstrated; however, the effects of fetal exposure to chronic
maternal viremia in utero on long-term neurodevelopmental outcomes are unknown at this time.18
Loss of sense of smell and taste (anosmia and ageusia): Anosmia is commonly seen
in the adults who have milder disease. A reported incidence of 34% to 89% has
been noted in studies involving adults. Anosmia and ageusia have also been occasionally reported in the pediatric population.34,35 The incidence in children was estimated to be about 0.5% in a meta-analysis of 199 children.9 Another case series
reported children presenting solely with anosmia and ageusia in the absence of
any other manifestations of the disease.36

Manifestations described only in adults so far

6. Acute disseminated encephalomyelitis (ADEM) and myelitis: Two case reports have
described adults with encephalopathy and focal neurologic deficits (one with
dysphagia and dysarthria; the other with seizures), normal CSF, and hyperintensities on MRI.37,38 Both patients improved with immunotherapy (steroids and intravenous immunoglobulin [IVIg], respectively). A case report from Wuhan, China
described the only case of COVID and myelitis with acute flaccid paraparesis,
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incontinence, hyporeflexia, and a sensory level in the thoracic spine.39 MRI was not
performed in this case because of high infectivity during the pandemic.
7. Acute necrotizing hemorrhagic encephalopathy: A single case of symmetric, multifocal involvement of the brain parenchyma, including the thalamus, in an adult patient has been described.40 This is a known, rare entity seen postviral infections,
usually in the pediatric age group and is thought to occur secondary to a cytokine
storm with breakdown of BBB.
8. Neuropsychiatric disorders (including neurocognitive) and dementia-like syndrome:
Presenting as altered mental status, this manifestation was described in a surveillance study of 153 patients with neurologic features from the United Kingdom.41
Peripheral Nervous System
Manifestations described in children and adults

1. Guillain-Barré syndrome (GBS): Several case reports have been published
describing classic GBS a few days to weeks after a severe infection with SARSCoV-2. Common presenting symptoms included lower limb/all limb weakness,
paresthesia, and ataxia.42 Electrophysiological studies were consistent with demyelinating disease or axonal disease. Two such cases have also been described in
children.43,44 These children were 11 and 15 years old, respectively, and developed
weakness about 3 weeks after upper respiratory infection symptoms, and both
cases had nerve conduction velocity studies consistent with GBS.
2. Nonspecific peripheral nervous system: Global proximal muscle weakness and hyporeflexia were described in 15% and 7% of the children, respectively, in a small
UK-based study.24
3. Muscle injury and rhabdomyolysis: There have been 2 case reports of adolescents
presenting with rhabdomyolysis as one of the initial symptoms, one presented with
isolated rhabdomyolysis and later developed other symptoms, while the other had
associated fever and shortness of breath from the onset of the disease. There has
been at least 1 pediatric case of rhabdomyolysis albeit a 16 year old.45 Cases with
rhabdomyolysis with elevated creatine kinase resulting from muscle injury have
also been described in adults as a late manifestation of COVID-19.46,47
Aside from the clinical manifestations of the disease itself, it should also be recognized that the features and impact of the disease may be different in patients with underlying comorbidities. Patients with neuromuscular disease should be considered at
a higher risk of complications, because of possible involvement of breathing and swallowing muscles.48 Infection with SARS-CoV-2 may also cause exacerbation or progression of underlying myasthenia gravis and spinal muscular atrophy.49 A French
study described a 17-year-old girl with underlying severe neonatal encephalopathy
and epilepsy, who presented with severe respiratory distress secondary to COVID19. The decision to withdraw care and not intubate was made because of underlying
severe comorbidities and poor quality of life.32
INVESTIGATIONS
MRI of the Brain

MRI of the brain in children with neurologic manifestations of COVID-19 has been reported to demonstrate acute lesions in the splenium of the corpus callosum.24 Such
lesions may be representative of intra-myelin edema and as such may occur in a variety of disorders, including other forms of viral encephalitis, demyelination, or CNS
malignancies, such as lymphoma.50 Larger case series in adults who have
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involvement of the CNS in COVID-19 point to the presence of acute/subacute infarcts,
leukoencephalopathy involving the subcortical and deep white matter, cortical abnormalities on fluid-attenuated inversion recovery sequences, microhemorrhages, and
leptomeningeal enhancement as the more common features. Posterior reversible encephalopathy syndrome–like features, acute hemorrhagic necrotizing encephalopathy, and dural venous sinus thrombosis were less frequently reported, and only
15% patients had normal imaging.51 However, because large case series of this nature are lacking in children, it cannot be stated with certainty if similar findings are likely
to be present in the pediatric age group. It is possible that certain radiological findings
may only be present in adults with COVID-19. For instance, although a temporary increase in the size of the olfactory bulbs, signal changes, and contrast uptake has been
reported in certain adults with COVID-19–related anosmia, no such changes could be
documented in children with anosmia.52 A few reports commenting on the use of other
imaging modalities, such as PET, are emerging in adults but not yet in the pediatric age
group.53
Electroencephalography

EEG features of COVID-19 appear to be nonspecific and consist of generalized
slowing.24
Cerebrospinal Fluid Studies

CSF has been reported to be acellular in most reported cases, with negative SARSCoV-2 cultures and no other evidence of inflammatory disease process, such as
presence of oligoclonal bands. RT-PCR presence of SARS-CoV-2 in CSF has been reported to be positive in rare cases of adults with encephalitis, but no such cases have
been reported yet in children.42
Histopathology

Histopathological correlates are now emerging, and cases with ADEM-like pathologic
condition are being reported with axonal injury, perivascular lymphocytic infiltration,
neuronal loss, and interstitial inflammatory changes.54
TREATMENT OPTIONS
Treatment of Neurologic Complications of COVID-19

No specific treatment exists for the neurologic manifestations, and the treating physician must depend on symptom-based management. IVIg and plasmapheresis have
been used in the treatment of ADEM and GBS, as they are in non-COVID–based situations. Antiepileptics must be used for the management of seizures. Critically ill children may require management of airway and circulation issues in a critical care unit.
Treatment of Other Neurologic Conditions During the COVID-19 Pandemic

Medications used for migraines in pediatric patients are considered safe for use during
the pandemic, with the initial reservations regarding the use of nonsteroidal antiinflammatory drugs, including ibuprofen, having been dismissed by the World Health
Organization and European Medicines Agency.55,56
Treatment of Patients with Underlying Neuroimmunologic Disorders

An important consideration is the treatment of patients with underlying neuroimmunologic diseases, including multiple sclerosis and neuromyelitis optica spectrum disorder. It is not entirely clear if these patients are at a higher risk of severe COVID-19
infection and complications compared with the general population and depending
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on the specific medications they are on. Alemtuzumab, cladribine, fingolimod, and
B-cell–depleting agents (used in individuals with multiple sclerosis) may increase
risk of infection, whereas glatiramer, dimethyl fumarate, and teriflunomide should
not.45 In general, it has been proposed that steroids, IVIg, and plasmapheresis are
safe to administer during the pandemic in the case of an exacerbation of the underlying condition. Patients who are already on immunosuppressive therapy should
continue the same therapy during the pandemic and even if they develop mild symptoms. Those with a severe COVID-19 infection may need to stop immunosuppressants, but this is best determined based on the specific situation and underlying
factors.
Drug Interactions Between COVID-19 Therapy and Drugs Used in Neurologic
Conditions

Treatments for the COVID-19 disease are constantly evolving, and several medications have been suggested and studied. In general, they include anti-inflammatory
agents (usually corticosteroids), antivirals (remdesivir, favipiravir), and in most cases,
anticoagulation drugs (usually aspirin or clopidogrel).57 Other medications, like
hydroxychloroquine and ivermectin, were also suggested at the beginning of the
pandemic, but their efficacy in this infection is not well proven. Some patients on chloroquine have been shown to have seizures.58 Chloroquine and hydroxychloroquine
have also been shown to prolong QTc and should be used with caution in patients
on tricyclic antidepressants (used in children with migraine or depression), which
have the same side effect.
Hydroxychloroquine, chloroquine, and remdesivir carry the risk of drug interactions
and enzymatic induction/inhibition when combined with carbamazepine, phenytoin,
phenobarbital, and primidone, which are commonly used antiepileptic agents.28 Ritonavir, also used in some cases, can lead to induction of CYP450.59 Azithromycin
should be used with caution in patients with myasthenia gravis, as it may exacerbate
symptoms or cause new-onset myasthenia gravis.60 Tocilizumab and anakinra have
not been associated with any CNS side effects or interactions with any drugs. Patients
with preexisting neurologic conditions requiring infliximab can generally be continued
without significant adverse effects or increased risk for COVID-19. However, enough
data are not available, and registries are required to collect more information.1
DIFFERENTIAL DIAGNOSIS

There is an extensive list of differential diagnoses for the neurologic complications of
the virus. It includes several other respiratory viruses, as well as noninfectious causes
that may be associated with each symptom. It is important, however, to consider
COVID-19 or a COVID-19 postinflammatory syndrome, such as MIS-C, when evaluating a patient with any of the manifestations described above. It is important to
note that the sensitivity and specificity of the testing process are not 100%, leading
to possible missed diagnoses. In addition, case reports of different and novel findings
are being published on a daily basis.
SUMMARY

The COVID-19 pandemic has affected upwards of 93 million people worldwide,
causing more than 2 million deaths so far (as of January 15, 2021). It has affected
adults more than children; however, the disease affects people of different age groups
in a dissimilar manner, resulting in protean manifestations. The proportion of children
with CNS and peripheral nervous system involvement in those infected with COVID-19
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may be low; however, the sheer number of patients infected with the virus could make
the absolute number of patients with these complications exceptionally large. Therefore, continued collection of accurate data, detailed descriptions of various neurologic
manifestations, along with efforts to isolate the virus from CSF and autopsy samples
will provide more answers in the future. Up until that point, management decisions will
have to be made according to available evidence on a case-by-case basis.
CLINICS CARE POINTS

 Management of neurologic complications of COVID-19 is similar to that of non-COVID-19–
affected patients, including intravenous immunoglobulin and plasmapheresis for
inflammatory demyelination and antiepileptic drugs for seizures.
 Medications for migraines are generally considered to be safe. There are no limitations to
using nonsteroidal anti-inflammatory drugs in severe acute respiratory syndrome
coronavirus 2–infected patients.
 In those with underlying neuroimmunologic conditions, steroids, intravenous
immunoglobulins, and plasmapheresis are safe to administer during the pandemic in the
case of an exacerbation of the underlying condition. Patients who are already on
immunosuppressive therapy should continue the same therapy during the pandemic and
even if they develop mild symptoms of COVID-related disease. Those with severe COVID-19
infection may need to temporarily suspend immunosuppressants, but this is best determined
based on the specific situation and underlying factors.
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KEY POINTS
 During the COVID-19 pandemic pediatric patients with new-onset diabetes often presented with more severe diabetic ketoacidosis (DKA).
 Most pediatric patients with type 1 diabetes (T1D) who developed COVID-19 had mild disease or were asymptomatic similar to children without diabetes.
 Stay-at-home initiatives and school closures often resulted in improved glycemic control
for children with diabetes secondary to closer parental monitoring.
 Improved telemedicine adaptations for pediatric diabetic teams will likely continue to support care for these children after the pandemic.

CORONAVIRUS DISEASE 2019 AND DIABETES

The coronavirus disease 2019 (COVID-19), which is caused by the severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), created a pandemic in March 2020
with now more than 120 million cases and more than 2.5 million deaths worldwide.
Early observations from studies in China, Italy, England, and the United States reported that adults with diabetes were more vulnerable to developing severe complications of COVID-19 including severe acute respiratory syndrome (SARS) with
multiorgan failure and death.1–3 As type 2 diabetes (T2D) is the more common form
of diabetes in adults, it was unclear during the early phase of the pandemic if there
was a similar increased risk of morbidity among individuals with type 1 diabetes
(T1D) and COVID-19. One study of hospitalized adult patients with COVID-19 in the
United Kingdom reported that of the 23,698 patients who died, one-third had diabetes
with 31.4% T2D compared with 1.5% T1D.4 Observations in adults with T2D and
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COVID-19 reported higher morbidity in individuals with a history of microvascular and
macrovascular complications associated with diabetes.5 Therefore, early during the
COVID-19 pandemic diabetes was one of the major pre-existing conditions associated with increased morbidity and mortality.
It was important to further understand factors that contributed to lower rates of hospitalization among individuals with T1D during the COVID-19 pandemic. First, T1D is
more common in younger individuals, whereas higher rates of hospitalization and mortality were seen in elderly patients with COVID-19. Second, individuals with T1D typically receive ongoing education about management of diabetes when ill to help avoid
hospitalization. Third, the immune system in patients with T1D may provide an advantage to decrease disease severity from SARS-CoV-2. T1D and COVID-19 are both
associated with inflammatory changes. The destruction of the pancreatic b-cells in
T1D is mediated by Th1 immunity, which may protect against pathogens like SARSCoV-2.6,7 On the other hand, diabetic ketoacidosis (DKA), a well-known complication
frequently seen in T1D that can result in significant morbidity and mortality, may be
associated with Th1-type cytokines. DKA is characterized by hyperglycemia with
metabolic acidosis and ketosis. DKA causes inflammatory changes that increase cytokines, including interleukin (IL)-6, tumor necrosis factor-a, and IL-b, that together
exacerbate the cytokine storm associated with COVID-19 that is mediated by high
levels of IL-6. IL-6 is one of the cytokines that is involved in Th1 autoimmunity of T1D.8
SARS infection is associated with glucose dysregulation. Review of historical data
from individuals without diabetes who were infected with SARS showed a transient
fasting hyperglycemia.9 One proposed mechanism through which SARS coronavirus
may impair insulin secretion is by damaging the pancreas by binding to angiotensinconverting enzyme-2 (ACE2) receptors in the pancreatic b-cells. However, this proposed mechanism is based on limited data showing detection of ACE2 protein in
the pancreas from single donor and ACE2 mRNA expression in a pooled pancreas
sample from 3 donors.9,10. An additional study showed that SARS-CoV-2 binds to
ACE2 and infects pancreatic b-cells derived from human pluripotent stem cells.11
Therefore, these observations together support a direct effect of SARS-CoV-2 in the
pancreatic b-cell that may contribute to impairment of insulin secretion, which can
lead to hyperglycemia and increase morbidity among patients with diabetes.
INITIAL CONCERNS ABOUT CORONAVIRUS DISEASE IN PEDIATRIC PATIENTS WITH
TYPE 1 DIABETES

Owing to increased morbidity among adult patients with diabetes and COVID-19, concerns were raised about whether children with T1D could become very ill from COVID19 as well. One study collected data on children living in 4 areas affected early by the
COVID-19 pandemic: (1) Wuhan, China; (2) Catalonia, Spain; (3) Italy; and (4) San
Francisco-Bay Area in the United States.12 Although these 4 locations included large
populations, there was only one patient who required hospitalization, a 20-year-old female from Spain with uncontrolled T1D (hemoglobin A1C [HbA1C] 11%) developed
bilateral pneumonia and was intubated but was subsequently discharged from the
hospital within 2 weeks. Wuhan reported no cases of children with T1D and COVID19, whereas San Francisco reported 2 pediatric patients with T1D and COVID-19,
but they did not require hospitalization. The Italian Society of Pediatric Endocrinology
and Diabetes registry collected data on 15,500 pediatric patients with T1D from March
1, 2020, to August 31, 2020. Only 11 patients with T1D tested positive for COVID-19,
and 5 of these patients had mild symptoms including fever, cough, conjunctivitis,
anosmia, and transient hyperglycemia. Three patients with COVID-19 were admitted
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to the hospital: 2 required extensive education for new-onset T1D and one of these
patients also had DKA without any COVID-related complications. The third patient
who was admitted to the hospital had moderate DKA but recent glycemic control as
close to target goal (HbA1C 7.8% with target less than 7.5%). Therefore, this early
observation on the effects of COVID-19 in pediatric patients with T1D showed that
most children have mild disease compared with adults with diabetes.
A survey conducted by the T1D Quality Improvement Collaborative (T1DX-QI) along
with 49 other endocrinology clinics in the United States identified 33 patients with
COVID-19 early in the pandemic.13 In this group of patients, the mean age was
24.8 years with the youngest patient aged 7 years and most patients had hyperglycemia and mild symptoms including fever, cough, fatigue, and shortness of breath. The
most common comorbidities among these patients were obesity and hypertension/
cardiovascular, and one death was reported in a patient with DKA. Overall, the study
concluded that children and adolescents with T1D and COVID-19 had a similar disease course as other children with COVID-19 who did not have diabetes. Taken
together, these studies show that most pediatric patients with T1D do not become
severely ill with COVID-19, unlike adults with diabetes and COVID-19.
THE IMPACT OF CORONAVIRUS DISEASE 2019 IN PEDIATRIC PATIENTS WITH NEWLY
DIAGNOSED TYPE 1 DIABETES

Although the clinical course among pediatric patients already diagnosed with diabetes
and COVID-19 was not as severe as expected, some reports examined whether
COVID-19 had any impact on the initial diagnosis of T1 in pediatric patients. It is
well known that there is a seasonal variation associated with new-onset T1D with
increased cases during the fall and winter when exposure to viruses increase.14–17
One study examined the effect of the COVID-19 pandemic on the new diagnosis of
T1D in pediatric patients in Italy.18 A cross-sectional analysis of pediatric diabetes
centers in Italy examined data from children diagnosed with new-onset T1D or established patients with T1D presenting with DKA during 2 time periods: February 20,
2019, to April 14, 2019, and February 20, 2020, to April 14, 2020. In 2020 there
were 160 newly diagnosed patients compared with 208 patients in 2019. The 23%
decrease in new cases of T1D during the pandemic was attributed to effects of social
distancing requirements and school closures, which together reduced exposure to
seasonal viruses. The study also, however, reported a significantly higher proportion
of patients presenting with severe DKA (pH < 7.1 and bicarbonate < 5 mmol/L) during
the COVID-19 pandemic compared with the previous year (44.3% compared with
36%, P value < .03). Eight patients were diagnosed with COVID-19, 4 had mild symptoms, and the others were asymptomatic. The investigators concluded that several
factors may have contributed to fewer cases of new-onset T1D but increased number
of patients with severe DKA during the COVID-19 pandemic. First, lockdown restrictions implemented during the pandemic decreased exposure to seasonal viruses,
which are associated with new-onset T1D. Second, families were more hesitant in
seeking medical care early when children became ill due to fear of exposure to
COVID-19. Finally, other reports highlighted the impact of unintended consequences
of the pandemic on routine care at clinics and acute care in emergency room, which
together contributed to a delay in diagnosis of diabetes causing more severe DKA in
children in several countries.19–21
Two other studies also examined changes in pediatric T1D during the COVID-19
pandemic. First, a study that included 30 pediatric patients in the United Kingdom reported an increase in the number of new cases of T1D by 80% compared with
Downloaded for Anonymous User (n/a) at Egyptian Knowledge Bank from ClinicalKey.com by Elsevier on September 19,
2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.

1095

1096

Buggs-Saxton

previous years.22 This observation was limited to only patients admitted to 2 of 5 inpatient units included in the study. Furthermore, there was no evidence that the increase
in new cases of T1D was statistically significant or directly linked to exposure to SARSCoV-2. Similar to observations in Italy during the COVID-19 pandemic, most patients
with new-onset T1D presented with DKA (70%), of which 52% had severe DKA. Only
21 patients were screened for SARS-CoV-2 and 3 of 5 patients who tested positive
presented with severe DKA complicated by refractory hypokalemia. One of these patients with severe hypokalemia had a cardiac arrest but survived. Although hypokalemia is the common electrolyte abnormality seen during DKA, the investigators
proposed that SARS-CoV-2 might exacerbate hypokalemia by modulating the
renin-angiotensin system (RAS).23 SARS-CoV-2 enters the cell by binding to ACE2,
which also plays an important role in decreasing RAS activity to limit the effects of
angiotensin II and aldosterone. In patients with COVID-19 decreased regulation of
RAS activity by ACE2 contributes to prolonged effects of angiotensin II and aldosterone, which increases potassium excretion, which is the major cause of hypokalemia.24 An increase in the prevalence of hypokalemia was also reported in adults
who were critically ill with COVID-19.24
A study conducted in Germany also examined the impact of COVID-19 on the incidence of pediatric T1D. This study included patients from 216 centers diagnosed with
T1D between March 13 and May 13 yearly from 2011 to 2020 and estimated the incidence per 100,000 patient-years.25 Although the incidence of pediatric T1D increased
significantly from 2011 to 2019 (16.4–22.2, respectively, P value 5 .04), there was no
significant change in the incidence of T1D among 532 patients in 2020 compared with
predicted incidence (23.4 vs 22.1). This study concludes that during the COVID-19
pandemic there was no significant increase in the incidence of pediatric T1D among
children in Germany, which is similar to observations in Italy but not those in the United
Kingdom.
CORONAVIRUS DISEASE 2019 IN PEDIATRIC PATIENTS WITH A HISTORY OF TYPE 1
DIABETES

Studies in Italy and the United Kingdom reported no significant increase in hospitalization among pediatric patients with a history of T1D, although there were some reported cases of DKA.18,22 Others had also reported overall fewer cases of severe
illness among pediatric patients with diabetes.12 Patients with a history of T1D receive
extensive education regarding management of diabetes during illnesses. These specific instructions called sick day guidelines provide important tools to help patients
avoid hospitalization, which may have contributed to decreased disease severity
among these patients during the pandemic. In addition, stay-at-home orders and
school closures likely promoted more engagement among patients and their caregivers with diabetes management at home. Therefore, parents had more time to supervise their children with testing blood glucose, monitoring food intake, and
administering insulin, which together may have helped to decrease emergency
room visits and hospitalizations in patients with a history of T1D.
Although most pediatric patients with T1D and COVID-19 had mild disease, some
patients required hospitalization and had significant morbidity. Two studies provided
early characteristics of pediatric patients with COVID-19 admitted to pediatric intensive care units (PICUs). The first study reported 48 children admitted to 14 PICUs in
the United States of which 83% had pre-existing health conditions and 8% had
T1D with 75% of T1D patients presenting with DKA.26 The second study reported
that among pediatric patients admitted to PICU with COVID-19, those with T1D had
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increased need for respiratory support including use of high-flow nasal cannula as well
as mechanical and high-flow frequency ventilation.27
As COVID-19 hospitalizations increased in the United States, reports showed that socioeconomic factors contributed to worse health outcomes, and some ethnic minorities
had more severe outcomes.28,29 A cross-sectional multisite study of patients with T1D
and COVID-19 in the United States examined differences in DKA presentation among
different ethnic groups.30 Of the 180 patients, 44% were non-Hispanic (NH) white,
31% were NH black, and 26% were Hispanic with 42% patients being in the pediatric
group (age  19 years). NH blacks and Hispanics had significantly elevated HbA1c
compared with NH whites (11.7% and 9.7%, compared with 8.3%, P value 5 .001
and .01, respectively) and were more likely to present with DKA compared with NH
whites (55% and 33% compared with 13%, respectively). After adjusting for age,
sex, glycemic control, and insurance status, NH blacks were 3.7 times more likely
than NH whites to present with DKA during the COVID-19 pandemic, but there was
no statistical difference between Hispanics and NH whites. The study suggests that
multiple factors may contribute to ethnic disparities in DKA: social determinants of
health, inadequate access to health care services, inability to self-manage diabetes
especially when ill, and delay in seeking medical assistance if condition worsens.
This study also highlights that health disparity that existed among patients with T1D
and DKA before the COVID-19 pandemic persisted and became more evident among
patients with COVID-19. Although the study highlights the need to provide more targeted approach to vulnerable patients with T1D, no new insights were identified that
could be immediately implemented especially during the pandemic.
CHALLENGES WITH OUTPATIENT MANAGEMENT OF PEDIATRIC TYPE 1 DIABETES
DURING THE CORONAVIRUS DISEASE 2019 PANDEMIC

During the COVID-19 pandemic, the implementation of social distancing and stay-athome orders or lockdown in many countries directly impacted how health care providers interacted with their patients to provide routine care, which was particularly
challenging for pediatric patients with T1D. Most clinics had to implement changes
quickly to accommodate the needs of patients and their caregivers while simultaneously redefining roles and responsibilities of health care team members to navigate
the complexity of shifting from in-person clinic visits to a telemedicine platform as the
primary mode of care. Many pediatric patients with T1D use advanced diabetes devices including continuous subcutaneous insulin infusion (insulin pumps) and continuous glucose monitors (CGMs). Both insulin pumps and CGMs use Web-based
management software to collect and store data that can be shared between patients
and their health care team members. This remote monitoring aspect of diabetes is
used routinely throughout pediatric clinics even before the COVID-19 pandemic allowing for frequent insulin dose adjustments in the growing child. In addition, remote access to data is particularly helpful to assist with management of emergencies including
hypoglycemia and hyperglycemia. Although this remote technology was used in many
pediatric diabetes clinics before COVID-19, several adaptations were needed to provide ongoing care for patients during the pandemic. Before the pandemic families
were not always expected to upload data from diabetes devices before coming to
clinic and therefore needed assistance from the health care team as well as technical
support from the diabetes device company. Families also needed access to the
Internet and a computer at home to upload data that could be reviewed by their health
care team. Finally, owing to limitations with in-person clinic visits during the COVID-19
pandemic, many patients and their families had to participate in virtual visits
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(telemedicine) to receive ongoing care for diabetes management. Several studies have
examined the impact of telemedicine visits on glycemic control in pediatric patients
with T1D, and the results are promising and indicate that telemedicine may become
an important component of routine care for outpatient management of diabetes
(see following paragraphs).
Some studies examined the use of telemedicine in pediatric diabetes clinics during
the COVID-19 pandemic. One study conducted a survey analyzing the impact of
changes in pediatric diabetes clinics on the patients and their providers from different
countries.31 There were several major concerns about telemedicine visits. Accessing
patient data was challenging for providers who often had to help guide family with specific instructions to share data from insulin pumps and glucose monitoring devices.
The ability to retrieve data often depended on good Internet connection as well as access to electronic devices. Providers were initially concerned about the increased risk
of DKA in children with T1D during the COVID-19 pandemic, but many clinics did not
report any significant morbidity among their patients. Providers observed more health
care disparities among vulnerable patients who had limited access to the Internet to
connect with the health care team virtually as well as lack of close follow-up by social
worker and assistance with diabetes care by school nurses. This study also identified
some benefits of telemedicine that included the following: educating families about
data sharing, improving efficiency during patient interactions, and improving adherence to diabetes management plan. Overall, the COVID-19 pandemic forced health
care team to quickly implement changes to use telemedicine as a tool to provide
ongoing care for pediatric patient with diabetes.
Several other studies examined the impact of telemedicine on metrics used to
assess improvement in glycemic control in pediatric patients during the COVID-19
pandemic. A study in Italy examined changes in glycemic control 3 weeks before
and after the lockdown was implemented during the pandemic.32 A total of 62 pediatric patients with T1D using the Dexcom G6 CGM device (Dexcom, Inc) were followed
via telemedicine during 2 time periods: November 26, 2019 to February 23, 2020, and
February 24, 2020, to May 18, 2020. Although patients were more sedentary, there
was a significant increase in the median time that glucose levels were in the target
range (60.5% to 63.5%) and a decrease in the time that glucose levels were above
the target range (37.3% to 34.1%) and below the target range (1.85 to 1.45%). A multicenter study conducted in Israel among 195 children with T1D (mean age
14.6  5.3 years) examined changes in time in range 2 weeks before and after telemedicine visits during the Israeli lockdown from March 15, 2020, to April 12, 2020.33
Among the 121 patients who completed the telemedicine visit, time in range improved
(62.9% compared with 59%) during the 2-week period after the telemedicine visit.
Therefore, the use of telemedicine together with remote monitoring of diabetes during
the COVID-19 pandemic showed positive changes in metrics that directly impact glycemic control.
Finally, pediatric endocrinologists at the University of Pittsburgh Medical Center in
the United States provided some recommendations and insights for using telemedicine services to provide ongoing patient care during the COVID-19 pandemic.34 First,
a representative from each member of the health care team should always be part of
the development and assessment of telemedicine services that will be offered to patients. Second, different telemedicine platforms may be required to communicate with
patients/families effectively and when possible choose one that can integrate with the
electronic medical record. Third, one should remember to address any concerns
about billing requirements when conducting telemedicine visits. Fourth, administrative
staff will need to provide clear instructions for patients to use during the telemedicine
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visit. Fifth, it is important to continue to integrate different members of the health care
team during the telemedicine visit including pediatric endocrinologist, trainees on
team, diabetes nurse, certified diabetes educator, registered dietitian, and social
worker. Sixth, problems encountered with telemedicine services related to institutional
policies as well as limitations inherent to conducting virtual visits should be identified
and steps should be taken to quickly resolve them (eg, inability to perform a comprehensive examination or laboratory testing). Finally, it is important that both health care
team members and families attempt to maintain a positive attitude when implementing
telemedicine to provide ongoing care for pediatric patients with diabetes especially
during the COVID-19 pandemic.
In summary, during the COVID-19 pandemic pediatric patients with new-onset diabetes presented with more severe DKA. Most pediatric patients with a history of T1D
who developed COVID-19 had mild disease or were asymptomatic similar to their
peers without diabetes. Children with T1D and COVID-19 clearly had less severe disease than adults with diabetes and COVID-19. Telemedicine was successfully used to
provide ongoing care for pediatric patients with T1D and provide some insights about
positive changes in glycemic control during the pandemic. Lessons learned about
management of diabetes during the COVID-19 pandemic should help to provide better
care for pediatric patients with T1D and improve their health outcomes.
CLINICS CARE POINTS
 Most pediatric patients with T1D do not become severely ill with COVID-19, unlike adults
with diabetes and COVID-19.
 Delay in access to medical care during the COVID-19 pandemic contributed to an increase in
cases of severe DKA among pediatric patients with newly diagnosed T1D.
 The use of remote technology and telemedicine in pediatric diabetes clinics during the
COVID-19 pandemic had a positive impact on glycemic control.
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KEY POINTS
 Infections caused by severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) are
spread mainly by person-to-person transmission via respiratory droplets.
 Household transmission has been well documented, and spread from presymptomatic
and symptomatic individuals is a key driver for transmission.
 SARS-CoV-2–related illness has usually been mild in children, with rare complications
leading to mortality.
 Various investigations and published experiences have shown that schools and day care
centers have been safely opened with implementation of guidance of mask wearing, maintaining distance, and hand hygiene.
 Vaccination against SARS-CoV-2 offers a way to reduce rates of severe illness and mortality from the disease.

INTRODUCTION

Prevention is better than cure has been the dictum driving the public health response
to the novel coronavirus, which was first reported in China toward the end of 2019.1
Full-length genomic sequencing from virus identified from infected patients was
96% identical to a bat coronavirus. The novel coronavirus shared 79.6% sequence
identity with the severe acute respiratory syndrome (SARS) coronavirus and, therefore, was named SARS coronavirus-2 (SARS-CoV-2).2 The virus has since spread
worldwide and was declared a pandemic by the World Health Organization (WHO)
on March 11, 2020.3,4
Initial emphasis had been on containment measures to curb community spread,
with widespread lockdowns, school closures, and nonpharmaceutical interventions
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such as masking and social distancing. There have been multiple reports of familial
clusters and studies on household transmission.5–14 However, there is limited guidance on prevention measures once a household member is diagnosed with or
exposed to the virus. This article highlights available data on transmission of SARSCoV-2 and reviews preventive measures to reduce transmission of the virus both in
the community and the household setting.
Epidemiology
Transmission and incubation period

The acquisition of SARS-CoV-2 occurs when a susceptible host comes in contact with
respiratory secretions from an infected individual. Most transmission occurs through
large droplets and occasionally small droplets via airborne spread.15–18 Airborne
transmission can occur in enclosed spaces, poorly ventilated areas with improper
air handling and prolonged or higher exposure dose of respiratory particles, as with
expiratory exertion during exercise or singing.19–22 Theoretically, transmission can
occur through contaminated surfaces; however, this is infrequent. Virus has been
detected in stool specimens; however, viable virus has not been isolated from stool
samples.23 The incubation period for SARS-CoV-2 is up to 14 days from the time of
exposure, and about 50% of people exposed have symptoms by day 4 or 5 and
98% by day 12 from exposure.24–29
The window of contagiousness for a symptomatic individual starts about 2 to
3 days before onset of symptoms, peaks at symptoms onset, and declines over
the following 7 days in most cases.30–33 Therefore, presymptomatic transmission
seems to be a significant driver of spread of infection in the community and households. Early on during the pandemic, asymptomatic carriers were thought to be significant spreaders, especially in the household setting.34,35 However, recent data
from Wuhan, China, showed that there was no SARS-CoV-2 detected by polymerase
chain reaction (PCR) in 1174 close household contacts of the 300 asymptomatic persons.36 The role of asymptomatic spreaders remains controversial, with recent
modeling data suggesting that 50% of new infections were estimated to have
been acquired from asymptomatic spreaders.37 The period of contagiousness for
asymptomatic individuals is not clearly understood and, for purposes of contact
tracing, the cutoff is 48 hours before the positive test date is applied for identification
of individuals who had potential exposure.
Secondary Attack Rates and Household Transmission

Secondary attack rate (SAR) is defined as the proportion of infections that occur
among susceptible individuals following contact with an infected person within the incubation period.38 The SAR for SARS-CoV-2 varies in different contact and exposure
settings. Recent meta-analysis showed a pooled SAR for SARS-CoV-2 in diverse contact settings of 7% (95% confidence interval [CI], 3%–12%).39 This study also highlighted low SAR in health care facilities, public transport, and work settings
compared with the high SAR in households and exposures in social gatherings.
Crowded indoor environments and close contact among household members are
high-risk settings for transmission of SARS-CoV-2. Initial reports out of China
described SAR of 12.4% among household contacts when defined by close relatives
and 17.1% when they shared the same residential address.8 Recent systemic review
and meta-analysis estimated household SAR of 16.6% (95% CI, 14.0%–19.3%).40
Most published literature reports increased SAR from symptomatic index cases
compared with asymptomatic index cases as well as in spouses compared with other
family contacts.40,41
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Lewis and colleagues9 reported that 31 out of the 58 households from Utah and
Wisconsin had secondary transmission and 52 of 188 household contacts tested positive by either polymerase chain reaction (PCR) assay or serologic testing, giving a secondary infection rate of 28%. This study was done during March to April 2020 when
there was low community prevalence at the study sites to reduce risk of additional
community exposure. A higher secondary infection rate of 53% (95% CI, 46%–
60%) was detected in households in a study done in Tennessee and Wisconsin in April
to September 2020.6
Various retrospective studies have identified black ethnicity, male gender, smoking, and obesity as risk factors associated with higher risk of infection.42–44 Higher
rates of infection have been reported in older household contacts (age  60 years)
compared with younger contacts.5,8 Multiple reports described lower SAR for children compared with adults.5,8–10,40,41 Hu and colleagues45 performed a retrospective review of secondary cases and reported that secondary cases had less
severe symptoms such as fever, cough, sore throat, and myalgia compared with
the index cases.
Transmission from Children

Prolonged shedding of respiratory viruses after viral illness has been described in
children younger than 5 years compared with older participants.46 With most children having no symptoms or mild symptoms, it was thought that children could serve
as a silent reservoir for SARS-CoV-2. However, multiple studies of outbreaks in familial clusters have shown that children are rarely the index case and are often identified after an adult has tested positive. Similar findings were confirmed from
outbreaks at childcare facilities that were linked to index cases in adults.47 In a large,
multicenter, cross-sectional investigation in Germany, the estimated SARS-CoV-2
seroprevalence was low in parents and 3-fold lower in children.48 Follow-up interviews with families of children who were hospitalized for coronavirus disease 2019
(COVID-19) illness were performed 6 weeks after the child became ill and showed
there were no reported illnesses in the households and 1 case of child-to-child
transmission.49
School and Day Care Attendance

Schools across the United States were preemptively closed to in-person classes and
transitioned to virtual learning early during the pandemic to mitigate spread of SARSCoV-2. However, as months passed, certain states allowed in-person learning options
along with the remote option. With the help of the local health department and guidance from Centers for Disease Control and Prevention (CDC), there have been multiple
reports published for safe reopening of schools. A recent study showed that attending
school or childcare 2 weeks before the testing date was not associated with an
increased probability of a positive SARS-CoV-2 test.47 Parents of cases and controls
reported 64% and 76% consistent mask use respectively for both children and staff at
schools or childcare facilities. Most of the children (<18 years old) who tested positive
for SARS-CoV-2 were more likely to have attended gatherings with people outside
their households 14 days before testing positive. Similar results were reported from
North Carolina schools over a period of 9 weeks with extensive contact tracing where
there was limited secondary transmission and zero child-to-adult transmission noted
within the school.50 These studies highlight that in-person teaching at schools can be
achieved with consistent mask wearing, hand hygiene, and maintaining a distance of
2 m (6 feet) as well as screening and early detection of infection.
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Nonpharmaceutical Interventions for Prevention of Severe Acute Respiratory
Syndrome Coronavirus-2

Nonpharmaceutical interventions recommended to reduce transmission of SARSCoV-2 include mask wearing, social distancing, hand hygiene, disinfection of
frequently touched surfaces, improved ventilation, self-isolation, and quarantine.
Mask Wearing

Face masks are thought to reduce viral transmission from both the source and target
of infection; they reduce the exhalation of respiratory particles by an infected person51,52 and reduce the inhalation of these particles by a susceptible host.52,53 Evidence supporting face mask use comes from epidemiologic data, observational
studies, mathematical models, and laboratory studies.
Like SARS and Middle Eastern Respiratory Syndrome (MERS) Coronavirus, SARSCoV-2 is a member of the Betacoronavirus genus, but it resembles the 2009 H1N1
influenza virus in its high degree of upper respiratory tract shedding, its propensity
for asymptomatic and presymptomatic transmission, and the scope of its global
spread.54 The WHO sponsored a systematic review and meta-analysis that concluded
that face mask use could significantly decrease the risk of SARS-CoV-2 infection.55 In
their systematic review and meta-analysis, Li and colleagues found that mask wearing
significantly reduced the risk of COVID-19 infection, with a pooled odds ratio of 0.38
and 95% CI of 0.21 to 0.69.56 A retrospective cohort study of households in Beijing,
China, showed a 79% reduction in transmission if both the index case and family contacts wore masks before onset of symptoms in the index case.57
Epidemiologic studies support the widespread use of face masks to prevent community transmission of SARS-CoV-2. Early in the course of the pandemic, Cheng and
colleagues58 compared the epidemiology of SARS-CoV-2 in the Hong Kong Special
Administrative Region (HKSAR), where community-wide compliance with face mask
use was 96.6%, with selected countries in North America, Europe, and Asia having
similar population density but without universal masking. The incidence of SARSCoV-2 was significantly lower in HSKAR.58 A cross-sectional population-level study
in the United States showed that self-reported face mask use was correlated with
increased odds of transmission control, and that the effect of mask use was higher
with increased levels of physical distancing.59
Laboratory studies of airborne transmission provide additional evidence for the role
of mask wearing in preventing the spread of COVID-19. Ueki and colleagues52 examined the efficacy of cotton, surgical, and N95 masks in blocking the transmission of
infectious droplets and aerosols of SARS-CoV-2 using an airborne transmission simulator. All types of masks were protective against transmission of infectious particles,
with a stronger effect noted when the mask was worn by the source of the virus.52
A study of the aerosol filtration efficiency of cloth masks showed that snugly fitted
masks could provide good protection from a range of aerosol particle sizes. Filtration
efficiency was significantly higher in masks made from multiple layers of tightly woven
fabric, particularly when different types of fabric were combined in the same mask. Of
note, filtration efficiency in poorly fitted masks was found to decrease by more than
60%, highlighting the importance of proper mask fitting to reduce transmission of respiratory particles.53
Current evidence-based guidelines from the CDC emphasize the importance of
consistent and correct face mask use to decrease transmission of SARS-CoV-2 in
the community. The CDC recommends using fabric masks made with 2 or 3 layers
of tightly woven, breathable fabric (such as cotton), or disposable, single-use
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nonmedical masks. Regardless of the type of mask used, it should be snugly fitted
around the nose and chin, without large gaps at the sides or top. Masks with exhalation valves or vents should not be used, because they may allow passage of respiratory particles. In order to prevent critical supply shortages, surgical masks and
respirators should be avoided in the community setting. Outside the home, face
masks should be worn while indoors in public places, and in crowded outdoor areas
where interpersonal distance is less than 2 m.60
Physical Distancing

Studies of COVID-19 outbreaks occurring in community settings outside the home
have shown that increased infection risk is associated with close contact with other
members of the community, particularly in enclosed spaces.60 A contact tracing study
of train passengers in China found that risk of SARS-CoV-2 transmission increased
with spatial proximity to the index case, as well as increased duration of shared travel
time.61
Epidemiologic studies lend support to public health guidance on physical distancing
to slow the spread of the pandemic. The WHO’s systematic review and meta-analysis
of nonpharmaceutical measures to prevent SARS-CoV-2 transmission found that the
risk of viral infection decreased as interpersonal distancing increased, and concluded
that physical separation of at least 1 m was beneficial, but separation of 2 m might be
more effective in decreasing the risk of infection.55
The COVID-19 Pandemic Pulse Study evaluated self-reported movement patterns
and nonpharmaceutical intervention use with SARS-CoV-2 positivity in Maryland in
June of 2020. Although this study failed to show a statistically significant effect for indoor mask use, it did show a significant association between strict social distancing
and decreased risk of SARS-CoV-2 infection. Of note, after adjusting for social
distancing and demographic variables, the types of movement that significantly correlated with increased infection risk were use of public transportation and visiting a place
of worship within the previous 2 weeks.62
Physical distancing to reduce the spread of SARS-CoV-2 has reduced the incidence
of other respiratory viruses. A Mayo Clinic study that reviewed community transmission of respiratory viruses in Arizona found that enactment of distancing policies coincided with a marked reduction in both the overall number of respiratory panel tests
and the percentage of positive test results for common respiratory viruses during April
through July of 2020, compared with the equivalent time frame in 2017 through
2019.63
Based on the available evidence regarding transmission patterns, unnecessary interactions with persons outside the household should be limited while SARS-CoV-2
is circulating in the community.60 When outside the home, physical distance of at least
2 m should be maintained from nonhousehold members. Unnecessary exposure to indoor environments should be avoided, particularly those associated with increased
transmission risk, such as indoor restaurant dining, worship services, and exercise
classes. Nonessential use of public transportation should be avoided whenever
possible. Because there is emerging evidence of SARS-CoV-2 transmission occurring
in large outdoor gatherings, exposure to crowded outdoor venues should also be
avoided.60,64 Limiting contact with other members of the community is especially
important for persons at high risk for severe COVID-19 illness, and those who share
a household with someone at high risk. With the advent of widespread immunization
for COVID-19, the CDC has issued revised guidelines for indoor visits or small gatherings in private residences. Fully vaccinated people do not need to wear masks or
maintain physical distancing during indoor visits with other fully vaccinated people,
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or with unvaccinated people from a single household who are at low risk for severe
COVID-19. If any of the unvaccinated people or their household members are at
increased risk of severe COVID-19, or if the unvaccinated people come from multiple
households, fully vaccinated people should continue to wear masks, maintain physical
distance of at least 2 m, and visit outdoors or in a well-ventilated indoor space.65 Unvaccinated individuals should continue to limit the number of unvaccinated visitors
allowed inside the home, ensure that masks are worn by unvaccinated visitors and
members of the household alike, maintain at least 2 m of separation from unvaccinated visitors at all times, and limit the amount of time spent visiting indoors.66 All people, regardless of their immunization status, should continue to avoid medium-sized or
large gatherings, regardless of their immunization status.65
The CDC recommends that people postpone travel while SARS-CoV-2 is prevalent
in the community. Those who do travel should be tested for SARS-CoV-2 from 1 to
3 days before departure and retested 3 to 5 days after arrival. On return, travelers
should self-isolate and monitor for symptoms at home for 7 days if tested, even if
test results are negative, and for 10 days if not tested. If other members of the household did not accompany the traveler, both the traveler and other members of the
household should wear masks in shared household spaces for 14 days.67
Hand Hygiene

Although there are several case reports of suspected transmission of SARS-CoV-2 via
contact with contaminated surfaces, there is currently no definitive evidence of transmission via direct contact or fomites.68 Studies of nonpharmaceutical interventions to
prevent the spread of respiratory viruses have shown mixed results on the efficacy of
hand washing alone. A systematic review and meta-analysis of influenza virus transmission in the community found that frequent hand hygiene plus mask wearing significantly decreased transmission of influenza, but hand hygiene alone did not.69
However, these reviews considered the impact of hand hygiene on transmission of
respiratory viruses but not SARS-CoV-2. These results may not correspond with the
real-world transmission dynamics of SARS-CoV-2, which is significantly more stable
than influenza virus.70 A modeling study by Przekwas and Chen71 described how
SARS-CoV-2 might be inoculated onto respiratory epithelium via deposition of viral
particles on the face by contaminated hands, and concluded that washing of the
face and hands might prevent infection.
Because SARS-CoV-2 is a lipid-enveloped RNA virus, it is susceptible to inactivation by agents that disrupt the integrity of its lipid envelope, such as alcohol and
hand soap.72 A review of commonly used hand sanitizers found that most alcoholbased hand sanitizers were successful at inactivating enveloped viruses, including
coronavirus, but that washing with soap and water was superior to sanitizers in
removing pathogens and debris from hands.73 A laboratory study by Hirose and colleagues70 determined that hand sanitizer containing 80% ethanol completely inactivated SARS-CoV-2 on skin within 15 seconds of exposure.
Disinfection of Frequently Touched Surfaces

Although less likely, transmission by fomites remains a possibility, and disinfection of
frequently touched surfaces may help to decrease the risk of infection. A retrospective
cohort study of households in Beijing, China, found that daily use of a disinfectant containing chlorine or ethanol was 77% effective in decreasing household transmission of
SARS-CoV-2.57
A literature review that examined the effectiveness of various cleaning products in disinfecting surfaces contaminated by human coronaviruses concluded that the virus was
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successfully inactivated by solutions of 62% to 71% ethanol, 0.5% hydrogen peroxide,
or 0.1% sodium hypochlorite within 1 minute. For household disinfection, the investigators recommend a 1:50 dilution of standard household bleach; alternatively, a solution of
62% to 70% ethanol may be used for disinfection of small surfaces.74 Current guidance
for prevention of COVID-19 from WHO recommends the use of 0.1% sodium hypochlorite solution or 70% to 90% ethanol for household disinfection.75
Ventilation

Respiratory particles emitted by humans span a continuum of sizes, from large droplets to tiny aerosols. Conventional wisdom holds that droplets more than 5 mm in diameter fall to the ground within 1 to 2 m of the source, whereas smaller aerosols remain
suspended in the air; however, this is now understood to be a false dichotomy. The
duration of time that a particle remains suspended in the air depends not only on its
diameter but also on the velocity at which it is emitted, and a host of environmental
factors, including the temperature, humidity, speed, and direction of ambient airflow.76
Therefore, both proximity and ventilation have emerged as key determinants of transmission risk for SARS-CoV-2.68 A mathematical model of indoor transmission found
that increasing ventilation rate was correlated with decreasing infection probability.
Of note, the model also predicted that mask wearing indoors significantly decreased
infection probability, even at lower rates of air exchange.77 Using the principles of fluid
mechanics, Bhagat and colleagues78 assessed the impact of ventilation on the movement of infectious particles in an enclosed space, and concluded that displacement
ventilation was most effective in removing contaminated air and decreasing the exposure risk. Displacement ventilation consists of exhaust fans or vents installed on or
near the ceiling of the room, as can be found in the kitchens and bathrooms of
most modern homes.
Preventive Measures When Household Member Has Been Diagnosed with
COVID-19 and Is at Home

Given the high secondary attack rate of SARS-CoV-2 in households, special care must
be taken to reduce the risk of transmission to household contacts when an infected
person is quarantined at home. The CDC provides detailed recommendations for preventive measures when a member of the household is symptomatic with COVID-19
and is cared for at home. The same recommendations apply when a household member has tested positive for the virus but remains asymptomatic or presymptomatic.
Affected persons should be isolated from other members of the household and, if
possible, should use a separate bedroom and bathroom, and eat meals in their rooms.
Caregivers should limit exposure to the individual and try to maintain at least 2 m of
interpersonal distance. The affected persons and their household contacts should
wear masks whenever they are near each other; however, masks should not be
worn by children less than 2 years of age, people who are unable to remove them
without assistance, or anyone with respiratory distress.79 Prevention of airborne transmission is particularly important in household settings. Current CDC guidance emphasizes the importance of good ventilation to decrease the concentration of potentially
infectious airborne particles in shared indoor spaces. Recommendations for
improving household ventilation include the following80:
 Open doors and windows as much as possible to introduce fresh air from
outside.
 Increase air circulation in the home using portable fans, ceiling fans, or central
heating, ventilation, and air conditioning fan setting.
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 Install high-efficiency pleated filters in central heating, ventilation, and air conditioning systems. Filter indoor air using a portable air cleaner or high-efficiency
particulate air filter.
 Turn on exhaust fans in kitchen and bathroom, or place portable fans blowing
outward near open doors and windows, to move stale air outdoors.
To decrease transmission through direct contact and fomites, the CDC advises that
household members wash their hands frequently with soap and water for at least
20 seconds, or use hand sanitizer containing at least 60% alcohol, and avoid touching
the eyes, nose, or mouth with unwashed hands. Frequently touched surfaces, such as
light switches, doorknobs, desks, tables, electronics, sinks, faucets, and toilets,
should be cleaned and disinfected daily. If the affected person uses a shared bathroom, the person should clean and disinfect it after use if are able to do so; if not,
the caregiver should wait as long as possible before entering the bathroom to clean
and disinfect it. Caregivers should wear gloves to prevent contact with the affected
person’s secretions, bodily fluids, or stool. Gloves should also be worn when handling
contaminated items, washing dishes, or doing laundry. Dishes should be washed with
soap and hot water, or in a dishwasher. Dirty laundry may be combined with laundry
from other household members but should be washed and dried on the hottest settings possible. Used gloves, masks, and other contaminated items should be discarded in a trash can with a disposable liner, preferably one set aside for use by the
affected person, and gloves should be worn when handling and disposing of contaminated trash. Caregivers should wash their hands after removing gloves.79
Because the estimated incubation period of SARS-CoV-2 can last up to 14 days, the
CDC recommends that caregivers and close household contacts of the affected person quarantine at home for 14 days after their last exposure to the affected person, or
14 days after the affected person meets criteria to end isolation. Close contact is
defined as being within 2 m of the infected person for a total of 15 minutes or more,
direct physical contact such as hugging or kissing, sharing the same utensils for eating
or drinking, or direct exposure to respiratory droplets from coughing or sneezing.
Caregivers and close household contacts with a history of laboratory-confirmed
COVID-19 infection and recovery within the past 3 months or fully vaccinated contacts
are exempted from the quarantine requirement, and do not require repeat testing unless they become symptomatic.81 Public health departments establish quarantine
guidelines within their jurisdictions based on local circumstances and resources,
and may recommend alternative guidelines to shorten the duration of quarantine.81
Pharmaceutical Interventions

Throughout the pandemic, there have been ongoing efforts to evaluate the antiviral
properties of medications that could prevent SARS-CoV-2 infection following exposure. Examples include antiparasitic drugs such as ivermectin, antimalarials such as
hydroxychloroquine, antiviral medications such as amantadine, and antiretroviral
medications.82 None of the therapeutics have shown a clear benefit and none have
been approved/recommended for early prevention of COVID-19 infection.
In addition, there are various ongoing clinical studies to understand the role of early
therapeutic interventions to prevent progression of disease in the early phase of
illness. Anti–SARS-CoV-2 monoclonal antibodies such as bamlanivimab and the combination of casirivimab and imdevimab received an emergency use authorization
(EUA) by the US Food and Drug Administration (FDA) as preventive management for
nonhospitalized patients at high risk of disease progression who have mild to moderate illness. The interim results of a phase 2, randomized, placebo-controlled trial
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showed that a single infusion of bamlanivimab increased the viral RNA clearance and
decreased rates of hospitalization compared with a placebo group.83 The current
EUAs for both bamlanivimab and the combination of casirivimab and imdevimab
include pediatric patients at least 12 years of age who weigh at least 40 kg.
Vitamin D and vitamin C have been studied as potential immunomodulatory agents
to prevent infection with SARS-CoV-2. However, data on prevention of COVID-19 with
supplements containing vitamin D and vitamin C are limited to observational studies.
Vitamin D increases innate immunity by secretion of antiviral peptides, which improve
mucosal defenses. Various systematic reviews and meta-analyses of observational
data have shown that low levels of serum vitamin D are associated with increase in
respiratory tract infections, including influenza and pneumonia. A recent study evaluated the association between average levels of vitamin D and mortality caused by
COVID-19 and number of cases of COVID-19. This study was limited to European
countries and found a negative correlation between levels of vitamin D and number
of cases of COVID-19 as well as mortality caused by COVID-19, showing that low
vitamin D level may be associated with COVID-19 infection and complications.84
Another study of patients in European countries found a significant negative correlation between average vitamin D levels and COVID-19 cases, but not with death.85
Because of the limited ability to generalize from these trials and lack of studies in pediatric patients, supplementation with vitamin D to prevent SARS-CoV-2 infection is
currently not recommended. However, vitamin D supplementation may be warranted
in pediatric patients with known vitamin D deficiency.
Ascorbic acid, or Vitamin C, has been studied as potential immunomodulatory
agent. Vitamin C has been evaluated in patients with serious infections and sepsis
with inconsistent results.86,87 Although there are many ongoing clinical trials evaluating its place in therapy, it is currently not routinely recommended for prevention of
SARS-CoV-2 in pediatric patients.
Zinc supplementation has also been studied as a preventive as well as for management of COVID-19 in ongoing clinical trials. In vitro studies have shown that increased
intracellular zinc concentrations decrease replication in RNA viruses such as rhinoviruses and coronaviruses.88,89
Topical Agents

The nose and mouth are significant entry portals for the virus, because infection is primarily transmitted by inhalation of, or contact with, infected droplets. In addition, the
nasal cavity and nasopharynx contains the highest viral load. Therefore, topical nasal
irrigations and oral rinses have been identified as potential options to prevent SARSCoV-2 infection.
There is currently limited evidence regarding the use of topical therapies in the prevention of SARS-CoV-2 infection specifically. However, available data to support
these agents in other viral illnesses may help guide preventive measures for SARSCoV-2.90 Regular use of saline nasal irrigation in children has been shown to prevent
symptoms of rhinitis and associated complications.91 In addition, use of hypertonic
saline nasal irrigation and gargling was associated with decreased duration of illness,
over-the-counter medication use, transmission within household contacts, and viral
load of many viruses, including rhinovirus, enterovirus, influenza A virus, and coronavirus (not SARS-CoV-2).92
Povidone-iodine (PVP-1) is another topical agent identified for potential use in the
prevention of SARS-CoV-2 infections. PVP-1 is a solution that disrupts microbial
metabolic pathways, destabilizes structural components of cell membranes, and
leads to irreversible damage to pathogens. PVP-1 has been shown to achieve almost
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100% virucidal activity against SARS-CoV-2 within 30 seconds of contact in the laboratory.93 Another in vitro study found that PVP-1 at diluted concentrations of 0.5%,
1.25%, and 2.5% completely inactivated SARS-CoV-2 within 15 seconds of contact.94 Although neither of these studies was done in humans, a review of PVP-1
use in sinonasal and oral cavities found that PVP-1 is safe to use in the nose up to
a strength of 1.25% for 5 months and in the mouth up to a strength of 5% for
6 months.95 However, the over-the-counter product is commercially available at a
strength of 10%, so this product should not be used in the nose or mouth. Until a
commercially available diluted solution is available and clinical trials have been
completed, PVP-1 should not be used to prevent SARS-CoV-2 infections in children.
There is currently insufficient evidence to support the use of topical therapies to prevent COVID-19 in children. Risks associated with these therapies include irritation,
loss of smell, and destruction of microorganisms in the nose or mouth that are useful
in preventing infection. In addition, if nasal spray solutions are used on multiple children without sterilizing the bottle or product, spread of disease may increase. There
are currently multiple trials underway to determine the safety and efficacy of topical
agents in prevention of COVID-19 infection and transmission.
Vaccines

Vaccines offer the best preventive strategy to contain the SARS-CoV-2 pandemic.
Several vaccines using different methodologies are being developed across the world.
Recently, 2 nucleoside-modified RNA vaccines encoding the SARS-CoV-2 spike protein
were shown to be efficacious in preventing COVID-19 illness, including severe disease.96,97 These 2 vaccines received an EUA by the FDA and are being used across
the United States to vaccinate health care workers and people at high risk of severe disease. The Pfizer-BioNTech COVID-19 vaccine and MODERNA COVID-19 vaccine also
received an interim recommendation for immunization of individuals greater than or
equal to 16 years and greater than or equal to 18 years of age respectively.98,99 However, there are clinical trials being done to evaluate safety and efficacy in younger children.
There are limited data on the effect of vaccine on asymptomatic transmission, and
therefore the current recommendation is to continue practicing masking and social
distancing until most the population is immunized.
SUMMARY

Prevention of exposure to SARS-CoV-2 and, most recently, vaccination against the virus have been the mainstay of efforts to control the spread of the virus. Children have
been reported to have mild illness, with few developing complications and having poor
outcomes. Children have also been noted to not spread or acquire the virus as much
as adults. Childcare settings and schools have been safely reopened with minimal
transmission noted among children with safety measures of masking, maintaining distance, and hand washing. Transmission in outdoor settings is low and indoor transmission can be reduced in the household setting by increasing ventilation along
with other mitigation strategies. Pharmaceutical interventions other than vaccination
have not been shown to prevent infection with SARs-CoV-2.
CLINICS CARE POINTS

 Nonpharmaceutical interventions such as social distancing, masking, and hand hygiene have
been the primary preventive strategies to avoid infection with SARS-CoV-2.
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 Early and rapid identification of infected individuals and tracing of contacts, as well as
isolation and quarantine, are effective measures to curb the spread of infection.
 Systematic development of effective vaccines to prevent severe illness caused by COVID-19
offer a path forward to containing the pandemic and reducing the burden of severe
disease Other pharmaceutical interventions are still under investigation and so far have not
shown benefit in preventing COVID-19.
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KEY POINTS
 The COVID-19 pandemic caused morbidities and mortalities of historic proportion and
disrupted health-care delivery in the United States.
 The elderly and patients with chronic illnesses including asthma are at increased risks of
poor outcomes.
 Limited data in the United States indicate children with asthma have done well despite
multiple challenges to health-care delivery.
 It is important to adhere to asthma treatment guidelines to maintain asthma control in children during the pandemic.

INTRODUCTION

Coronaviruses are a common cause of upper respiratory infections in children.1 A
novel human coronavirus, severe acute respiratory syndrome coronavirus 2 (SARSCoV-2), mutated in bats in Wuhan, China, and has been attributed to be the cause
of a global pandemic leading to illness and death in 2020.2 Initially, asthma was
thought to be a risk factor for poor clinical outcomes in adult patients with coronavirus
disease 2019 (COVID-19). However, limited data currently available have not shown
significant COVID-19 illness or increase in asthma exacerbations in children during
the pandemic. In this article, we aim to outline impact of COVID-19 on pediatric
asthma in the United States and current recommendations for asthma care.
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IMPACT OF COVID-19 IN THE UNITED STATES

The United States has become an epicenter during the pandemic, reporting the highest number of cases and deaths due to COVID-19. In the United States alone by
December 31, 2020, a total aggregate count of COVID-19 cases of 19,663,976 and total deaths of 341,199 were reported by states and territorial jurisdictions to the Centers
for Disease Control and Prevention (CDC). These numbers continue to increase. In the
age-group of 0 to 17 years, the total number of reported COVID-19 cases was
1,500,972 (10.5% estimated from the age reported in 14,226,540 cases) and the death
count was 211 (<0.2% estimated from the age reported in 237,889 deaths) during the
same period.3 The CDC had listed asthma as a risk factor for COVID-19 outcomes,
particularly morbidity and mortality.4 Asthma is the most common chronic respiratory
disease in children, affecting about 6 million children in the United States in ages 0 to
17 years. Every year, one in 6 children with asthma visits the ED and about 1 in 20 children with asthma is hospitalized for the same condition (https://cdc.gov.asthma).
Practitioners and parents alike anticipated and rapidly prepared for the significant
impact of SARS-CoV-2 infections in children with asthma. The reality was not what
was anticipated.
RESPIRATORY VIRUSES AND ASTHMA

Asthma in children is often triggered by respiratory viruses. It is theorized that the type
I interferon production, which is important for defense against viruses, is decreased in
asthmatic individuals and is inhibited by Th2 inflammation seen in allergic asthma.5
Studies also suggest that in atopic individuals, certain respiratory viruses such as respiratory syncytial virus (RSV) or human rhinovirus (RV), owing to the formation of specific IgE, may cause exacerbations.5 RSV and RV have actually been implicated in the
development of asthma. Other viruses such as influenza, coronavirus, adenovirus,
parainfluenza virus, and metapneumovirus are considered risk factors for asthma exacerbations. At the advent of the COVID-19 pandemic, there was a concern that
SARS-CoV-2 infection may also result in increased asthma exacerbations in children,
which surprisingly did not occur.
PATHOPHYSIOLOGY OF SEVERE ACUTE RESPIRATORY SYNDROME CORONAVIRUS-2

COVID-19 is caused by the novel coronavirus SARS-CoV-2. It is a single-stranded
RNA virus (ssRNA) that contains a spike protein (S protein) that binds to
angiotensin-converting enzyme 2 (ACE2) receptors found on human cells. The ssRNA
is inserted into the airway epithelial cells, where it replicates causing local inflammation, tissue damage, and cytokine release. The majority of these ACE2 receptors
are located on type II alveolar epithelial cells. There are other associated receptors
such as type II cellular transmembrane serine protease (TMPRSS2) that activate S
protein and allow for the fusion of the viral membrane into the host cell.6
POTENTIAL ASTHMA-PROTECTIVE FACTORS AGAINST COVID-19

The pathophysiologic hallmark of asthma is chronic airway inflammation. Generally,
two types of inflammatory asthma are described: type 2-high (T2) asthma and type
2-low (T1) asthma, based on the expression of T helper cell type 2 (TH2) cytokines.
Type 2-high asthma is characterized by eosinophilic airway inflammation, elevated
levels of cytokines such as interleukin (IL) 4, IL-5, and IL-13, and elevated levels of
IgE. This is also known as allergic asthma that appears earlier in life, is responsive
to corticosteroids, and is a common phenotype in children. The type 2 low asthma
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phenotype is more common in adults, has later disease onset, has less allergic comorbidities, and is less responsive to corticosteroids.
ACE2 receptor expression appears to vary with asthma phenotype. A study of two
large adult asthma cohorts identified increased expression of the ACE2 gene in the
bronchial epithelium of patients with type 2-low or T1-high asthma.7 Interestingly,
these patients also tended to have higher known risk factors for COVID-19 including
hypertension, lymphopenia, and male gender.7,8 This suggests that the T2-low phenotype is likely associated with higher risk of COVID-19. Another study of cohort of children with asthma, the Urban Environment and Childhood Asthma (URECA) cohort,
revealed that allergic sensitization in children (positive IgE tests for allergens, either
skin or serum testing) with asthma was associated with decreased ACE2 expression
in children.9 The type 2-high asthma phenotype characterized by the elevated serum
IgE level, fractional exhaled nitric oxide (FeNO), and IL-13 expression was associated
with decreased ACE2 receptor expression in this URECA cohort.9 It suggests that T2
high-asthma and allergic sensitization is associated with decreased ACE2 receptor
expression and may be a cause of decreased SARS-CoV-2 infection in these patients.
This may be important to pediatric patients with asthma who tend to have the T2-high
asthma phenotype. Children, when compared to adults, have lower ACE2 receptors in
their nasal epithelium. This may account for the decreased incidence of COVID-19 in
children.10
The use of inhaled corticosteroids (ICSs) may also provide a protective role for
asthma from COVID-19. Cultures of human nasal and tracheal epithelial cells reveal
that the combination of glycopyrronium, a long-acting muscarinic antagonist, formoterol, a long-acting beta-2 agonist, and budesonide, an ICS, inhibits replication of
HCoV-229E, a virus that causes common cold by preventing receptor expression
and decreases virus-induced airway inflammation.11 When gene expression of
ACE2 and TMPRSS2 was analyzed in sputum cells from patients with severe asthma,
it was found that the use of ICSs was associated with lower expression of these receptors.12 These studies suggests patients with asthma who are adherent to their ICSs
thus may have decreased risk of COVID-19.
COVID-19 AND ASTHMA PREVALENCE

The number of adult patients with asthma hospitalized owing to COVID-19 across the
world is low, with incidence reported from 1% to 2.7%.13 An online questionnaire sent
to 91 pediatric practitioners in 27 countries attempted to estimate the incidence of
clinically relevant COVID-19 in pediatric patients with asthma. They noted that incidence is 12.8 times less frequent in children than in adults.14 A retrospective study
of a large cohort in Israel also showed that patients with asthma have a lower susceptibility for COVID-19 in pediatric and adult patients. The study did not find any difference in the rate of hospitalization in patients with COVID-19 with or without asthma.15
A nationwide study in Japan examining asthma during the COVID-19 outbreak found
decreased asthma admissions in 2020 compared with previous years for children and
adults.16 A study of 212 children with allergic asthma in Spain found no significant difference in asthma control or severity between patients with and without COVID-19.17
In the United States, adult data suggest that there is no significant increased risk of
mortality associated with a history of asthma. A matched cohort study of adult patients
with asthma admitted to Massachusetts General Hospital with COVID-19 found that
patients with asthma were less likely to require intensive care and mechanical ventilation and did not have increased risk of mortality.18 A large COVID-19 registry with
11,405 patients from the Mount Sinai Health System in NYC revealed that of the
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54.8% of patients who were COVID-19 positive, only 4.4% had asthma, suggesting
there was no significant association between asthma history and disease.19
The early data from Wuhan regarding hospitalized pediatric patients and those with
severe COVID-19 do not list asthma as a risk factor.20,21 As per the CDC, in the United
States, as of January 2021, 10.8% of 16,212,877 COVID-19 cases are found in children. However, these data are changing and not necessarily accurate of the true incidence in children owing to lack of prioritization of testing in this population.
Hospitalization is reported to be low among children when compared with adults
(CDC). Owing to a paucity of data, there has been an urgent call for further studies
in childhood asthma in the current pandemic.22
Asthma exacerbations have a seasonal pattern, generally have increased prevalence in the late fall and spring, and are seen across North America and known as
the September peak or asthma epidemic.23,24 This is attributed to viral upper respiratory infections (URI), air pollutants, weather changes, and increase in aeroallergens.25
Viral infections particularly account for asthma exacerbations in children during the
start of school in early fall. Although respiratory viruses are a risk factor for asthma exacerbations, this did not seem to pertain to the current SARS-CoV-2 infection
outbreak. Previously, SARS-CoV infection, which caused the first SARS outbreak in
2002, did not appear to be associated with an increase in asthma exacerbations in
children.26 However, there are very few studies published evaluating incidence,
trends, hospitalization, and mortality related to pediatric asthma with COVID-19 in
the United States. Some of the published studies in the US population are summarized
in Table 1.27–31
IMPACT ON PEDIATRIC ASTHMA: MORBIDITY AND MORTALITY

Various studies from around the world, including China, Brazil, Italy, Switzerland, and
the United States, reveal that asthma is not associated with increased risk of mortality
in adult patients with COVID-19.13 The Morbidity and Mortality Weekly Report from
October 2020 that evaluated COVID-19 trends among school-age children
(N 5 277, 285) noted that 1.2% were hospitalized, 0.1% had intensive care unit
(ICU) admissions, and less than 0.1% died. Of those patients (hospitalized, ICU admissions, died owing to COVID-19), each had at least one underlying medical condition,
and 55% of the underlying conditions were accounted for by chronic lung disease
including asthma, emphysema, and chronic obstructive pulmonary disease
(COPD).32 The final determination of COVID-19 impact toward pediatric asthma
morbidity and mortality remains to be seen owing to lack of sufficiently powered
studies providing significant data.
IMPACT ON PEDIATRIC ASTHMA: CLINICAL CARE

As the pandemic surged worldwide, international and governmental agencies of countries across all the continents responded by implementing control measures to contain
the spread of virus. In the United States, federal, state, and local governments passed
many unprecedented regulations including stay-at-home orders; the closing of local
businesses, universities, and schools; social distancing; and face mask mandates.
In the initial surge of disease, health resources were targeted toward the care of seriously ill patients with COVID-19, and nonurgent care was deferred to the alternate delivery model. The federal government declared a public health emergency and also
allocated resources to provide medical care. The Health Insurance Portability and
Accountability Act was relaxed, which allowed physicians to use their personal electronic devices to communicate with their patients during the pandemic.33 The Centers
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Study

Timeline

Asthma Findings

Kenyon et al,27 2020
Initial ED impact of COVID-19 in pediatric asthma
 Retrospective chart review
 Compared daily ED visits for asthma for the January–
April period in 2020 to years 2016–2019

January to April from years 2016 to 2020

 ED utilization for asthma decreased by 3 standard
deviations below the mean in year 2020 as compared
with years 2016–2019.
 Decreased ED visits by 76% in March–April 2020
(COVID) as compared with January–March 2020 (pre–
COVID-19)

Taquechel et al,28 2020
Asthma health-care utilization during COVID-19
 Retrospective chart review
 Compared outpatient, inpatient, and ED visits for
asthma for the January to May period from years
2015–2020

January to May from years 2015 to 2020

Until March 17, 2020, similar visits (when compared
with 2015–2019)
After March 17, 2020:
 Outpatient in-person asthma encounters decreased
by 87%.
 Hospital encounters decreased by 84%.
 Telephone encounters increased by 19%.
 TM visits increased by 61%.
Other findings:
 Decreased asthma-related steroid prescriptions.
 Decreased frequency of rhinovirus infections.

Bandi et al,29 2020
Risks of COVID-19 in asthma in children aged <18 y
evaluated by the TM clinic
 Tested for SARS-CoV-2 (PCR)
 Documented asthma status

March 12, 2020, to April 20, 2020

474 patients tested/ 5.2% tested positive for SARSCoV-2
 Rate of asthma in SARS-CoV-2–positive cases: 12%
 Rate of asthma in SARS-CoV-2–negative cases:10%
 No significant difference
 Asthma not a risk factor for infection

Bailey et al,30 2020
SARS-CoV-2 testing in US children
 Retrospective cohort study

January 1, 2020, to September 8, 2020

135794 patients tested for SARS-COV-2/ 4% positive
 7% had severe illness (ICU care, increased length of
stay, ventilation).
 0.2% died.
 Asthma had a negative association with SARS-CoV-2
positive test results (SR, 0.86 [95% CI, 0.80–0.91]).
(continued on next page)
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Study

Timeline

Asthma Findings

Secord et al,31 2021
ED visits for pediatric asthma
 Retrospective chart review

March 15 to May 31 in 2019 and in 2020

Asthma ED visits significantly decreased during school
closure from March 15 to May 31, 2020, when
compared with the same period in 2019.
 Average daily ED visits for asthma of 17 in 2019 vs 3.5
in 2020
 Total ED visits for asthma of 1304 in 2019 vs 260 in
2020 (P 5 .001)

Abbreviations: ED, emergency department; PCR, polymerase chain reaction; SR, standardized ratio.
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for Medicare & Medicaid Services also promoted telemedicine (TM) by waiving previous restrictions of patient qualification for TM visits, by permitting office-based and
home-based video encounters on personal devices with patients, and by improving
reimbursements.34
In the United States, practitioners actively responded by establishing virtual clinics
and using telehealth tools in all medical specialties to curb the pandemic.35 An ad hoc
expert panel of allergy/immunology specialists from the United States and Canada
developed a consensus document to guide specialists in lieu of reduced services
due to the pandemic.36 The guidelines on COVID-19 and allergy contingency planning
noted “If the allergy/immunology office does not have personal protective equipment
available, it would be recommended that no patients with co-potential for asthma
exacerbation and COVID-19 be seen at the office; the patient should instead be
seen at a facility capable of isolation and equipped for asthma care.” These recommendations are expected to be adjusted based on disease prevalence. Most ambulatory allergy services in the country restricted new patient appointments and
procedures. The established patients were evaluated in virtual platforms. Sick patients
were referred to facilities equipped with personnel protection, laboratory testing for
SARS-CoV-2, and high acuity care treatments. Diagnostic testing and therapeutic interventions for allergic disease and asthma were restricted owing to concerns of the
spread of the virus. This included testing for allergic sensitization, lung functions,
FeNO, and nebulized treatments and allergy injections.36,37 Clinicians considered
health-care delivery during the pandemic to be suboptimal and are eager to resume
face-to-face encounters as soon as possible. Parents were also unwilling to bring their
children to hospitals and clinics for fear of contracting the virus during the pandemic.
Many raised concerns about inhaled or oral steroids and risks of COVID-19 infections.
Despite the multiple challenges of wildly spreading disease and misinformation, the
patient outcomes with asthma were not worse and have been better than expected,
generally. This is likely due to initial fear of susceptibility to severe COVID-19 with
asthma, which prompted families to adopt health safety measures and improve adherence to asthma medications. A study at a health system in Wisconsin using electronic
medication monitors noted a 14.5% relative increase in asthma controller adherence
across all age-groups from January to March 2020.38 The increased adherence is due
to parental concern about asthma control during the outbreak.39 School closures in
particular also reduced exposures to allergens and viruses among children, which
are important triggers of asthma, thus enabling improved asthma control.
COVID-19 AND ASTHMA TREATMENT GUIDELINES

There were some initial concerns about continuing ICSs and oral corticosteroids for
asthma owing to fear of contracting the virus because steroids can impair immune responses. A meta-analysis of 39 trials revealed that ICS use was not associated with
higher risk of pneumonia or respiratory infection due to COVID-19.40 A study of
RNA expression in bronchial brushes of a cohort of adult patients with asthma in
the United Kindgom found that there was no significant difference in expression of
ACE2 receptor and TMPRSS between healthy controls and patients with moderate
and severe asthma undergoing varying corticosteroid treatment.41 There was no
greater risk for asthmatics than the general population for risk of COVID-19, regardless
of the severity of asthma and various corticosteroid treatment intensities. This supports the use of inhaled steroids in the management of asthma.
In response to the pandemic, the Global Initiative for Asthma (GINA) updated guidelines on asthma care during the pandemic.42 The guideline emphasized the
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importance of optimal asthma management and medication adherence in reducing
the risk of asthma exacerbations. The guidelines also recommend continuing prescribed medications including daily ICSs and biologic therapy.42 The American Academy of Allergy, Asthma, and Immunology also reiterated that patients with asthma
should continue to use their medications and aim for good control.43 Both recommended the controller medication dose not be reduced or discontinued during the
pandemic unless there is clear-cut benefit after careful consideration of risk/benefit
for the child.36,42,43 Systemic or oral steroids are recommended for use in moderate
to severe asthma exacerbations that are unimproved with bronchodilators.42,43 There
is no evidence to suggest impairment of immune response to COVID-19 in patients
treated with biologics for asthma. It is reasonable to continue administration of these
agents during the pandemic.42–44 Allergen immunotherapy used as an adjunct is also
recommended to be continued with adjustment in doses and duration.43
COVID-19: USE OF NEBULIZERS AND SPIROMETRY

Many national and international societies including the GINA, National Asthma Council
Australia, and American College of Allergy, Asthma and Immunology recommend
against using nebulizers to reduce the risk of spreading the virus, with a preference
for pressurized metered dose inhalers (MDIs).42,43 SARS-CoV-2 is transmitted via
droplets and aerosols. Owing to aerosol treatments, SARS-CoV-2 may persist in the
air for up to 2 hours and may be recirculated and remain on dependent surfaces, promoting virus spread.45 There is also concern that the particles that are generated with
nebulization may stimulate cough in patients, which can spread the pathogen.46 Use
of the albuterol MDI (90 mcg/puff), 4 to 8 puffs every 20 minutes for 3 doses and then
inhalation using the valved holding chamber every 1 to 4 hours, has shown to be as
effective as nebulized therapy for mild to moderate asthma exacerbation in children.47
MDIs with spacers have comparable efficacy with nebulizers, take shorter time for delivery, are more portable, and are less likely to spread the virus during the pandemic.
Nebulizer treatments may still be necessary in very young or sick children and are

Box 1
Guidelines for minimizing risk of SARS-CoV-2 transmission42
Follow CDC guidelinesa
Follow state and local directives on public health measures to control disease.
CDC guidelines for schools and childcare program.
Social and physical distancing measures
 Avoid close contact from other people—remain six feet away from others at all times.
 Practice self-isolation if you are in a high-risk group or if you are sick.
 Stay home and avoid large crowds and indoor spaces.
Face mask and personal protection measures:
 Wash hands using a sanitizing handwash containing at least 60% alcohol.
 Refrain from touching your face.
 Cover your mouth/nose when coughing with your elbow or a tissue.
 Dispose of your tissue immediately afterward.
 Wear a face mask or face covering in public settings (now recommended by the CDC).
 Clean and disinfect surfaces regularly.
a

https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/prevention.html.
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preferred in settings equipped with infection control measures. Most hospitals and
clinics have rapidly adapted to the change of using MDIs to help control the pandemic
without compromising asthma outcomes.
Spirometry is an important tool of asthma management but poses a considerable
risk for the spread of infection to individuals and the surrounding surfaces within
and around the test areas. The American Thoracic Society recommends prioritizing
patients’ clinical status by screening for urgent cases, ensuring protection of the
health-care worker, and using in-line filters for spirometry.48 The full operation of
lung function services can resume when virus prevalence is low.48 General guidelines
for infection control and daily asthma management adapted from GINA guidelines are
highlighted in Box 1 and Table 2. The Food and Drug Administration under the Emergency Use Authorization approved two mRNA vaccines for ages more than 18 years in
December 2020 for control of the pandemic.47 Many other vaccines are in the research
pipeline and under investigation for use in children.

Table 2
General guidance for care of patients with asthma during the COVID-19 pandemic36
Asthma Medications

 Continue daily controller (inhaled corticosteroids) as prescribed
 Step down in treatment only in cases risk/benefit is carefully
evaluated
 For severe asthma: continue biologic therapy or oral corticosteroids
if prescribed.
 Close monitoring—use control tests such as the ACT, peak flow
meter, and periodic virtual or clinic visits
 Provide all patients with a written asthma action plan
 Recommend that patients do not share inhalers and spacer
devices

Acute Exacerbations

 Use a short course of OCS when appropriate for severe asthma
exacerbations
 Avoid nebulizers where possible to reduce the risk of spreading
virus.
 Nebulizers may be required for:
- Severe or life-threatening exacerbation
- Young children (<4 y)
- Patients who are unable to use MDIs even with a valved
holding chamber.
 Strict infection control procedures if aerosol-generating
procedures are needed
 A pressurized metered dose inhaler (MDI) via a spacer is preferred
for mild to moderate asthma exacerbation.

Spirometry

 Avoid in patients with confirmed or suspected COVID-19 or if
COVID-19 cases are high in community
 Practice appropriate aerosol, droplet, and contact precautions if
spirometry is needed.
 Consider home peak flow monitoring
 Follow local public health measures to control spread of infection—
including personal hygiene and use of PPE.

Vaccination

 Recommend the annual influenza vaccine.
 Follow CDC guidelines for COVID-19 vaccination.
 After obtaining COVID-19 vaccines, continue to wear a mask and
avoid close contact with others.

Abbreviations: ACT, asthma control test; OCS, oral corticosteroid; PPE, personal protection
equipment.
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SUMMARY

The COVID-19 pandemic has had a severe economic and health impact all over the
world, including the United States, in particular. The available data, albeit limited, suggest that the initial concerns of the serious impact of COVID-19 illness in children with
asthma are not evident to date. The reduction in asthma morbidities is likely due to a
combination of improved adherence and decreased exposure to both allergens and
viral infections in children. International guidelines are updated to guide physicians
in the midst of the pandemic. In the face of unprecedented time, it is important to
be vigilant, adhere to treatment guidelines, and implement preventive measures to
eradicate the virus and improve outcomes for children with asthma.
CLINICS CARE POINTS
 The COVID-19 pandemic has caused catastrophic impact on health and well-being of humans
globally.
 Unlike children, adults with chronic illnesses and other health risk factors had poorer
outcomes.
 Current evidence suggests most children with chronic asthma were able to maintain asthma
control during the pandemic.
 It is important to adhere to recommendations of international and national asthma
guidelines for treatment of both acute exacerbation and chronic asthma.
 A multipronged measure including stepped pharmacotherapy based on asthma severity is
necessary to maintain asthma control in children during the pandemic.
 Current evidence suggests favorable outcomes with inhaled corticosteroids and biologics
used in treatment of asthma.
 It is important to implement CDC guidelines on SARS-CoV-2 infection control and
vaccinations when available.
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17. Ruano FJ, Somoza Álvarez ML, Haroun-Dı́az E, et al. Impact of the COVID-19
pandemic in children with allergic asthma. J Allergy Clin Immunol Pract 2020;
8(9):3172–4.e1.
18. Robinson LB, Fu X, Bassett IV, et al. COVID-19 severity in hospitalized patients
with asthma: A matched cohort study. J Allergy Clin Immunol Pract 2021;9(1):
497–500.
19. Lieberman-Cribbin W, Rapp J, Alpert N, et al. The impact of asthma on mortality
in patients with covid-19. Chest 2020;158(6):2290–1.
20. Zheng F, Liao C, Fan Q-H, et al. Clinical characteristics of children with coronavirus disease 2019 in hubei, china. Curr Med Sci 2020;40(2):275–80.
21. Sun D, Li H, Lu X-X, et al. Clinical features of severe pediatric patients with coronavirus disease 2019 in Wuhan: a single center’s observational study. World J Pediatr 2020;16(3):251–9.
22. Castro-Rodriguez JA, Forno E. Asthma and COVID-19 in children: A systematic
review and call for data. Pediatr Pulmonol 2020;55(9):2412–8.
23. Wisniewski JA, McLaughlin AP, Stenger PJ, et al. A comparison of seasonal
trends in asthma exacerbations among children from geographic regions with
different climates. Allergy Asthma Proc 2016;37(6):475–81.
24. Larsen K, Zhu J, Feldman LY, et al. The annual september peak in asthma exacerbation rates. Still a reality? Ann Am Thorac Soc 2016;13(2):231–9.
25. Castro CR, Tarabichi Y, Gunzler DD, et al. Seasonal trends in asthma exacerbations: Are they the same in asthma subgroups? Ann Allergy Asthma Immunol
2019;123(2):220–2.
Downloaded for Anonymous User (n/a) at Egyptian Knowledge Bank from ClinicalKey.com by Elsevier on September 19,
2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.

1129

1130

Navalpakam et al

26. Van Bever HP, Chng SY, Goh DY. Childhood severe acute respiratory syndrome,
coronavirus infections and asthma. Pediatr Allergy Immunol 2004;15(3):206–9.
27. Kenyon CC, Hill DA, Henrickson SE, et al. Initial effects of the COVID-19
pandemic on pediatric asthma emergency department utilization. J Allergy Clin
Immunol Pract 2020;8(8):2774–6.e1.
28. Taquechel K, Diwadkar AR, Sayed S, et al. Pediatric asthma health care utilization, viral testing, and air pollution changes during the covid-19 pandemic.
J Allergy Clin Immunol Pract 2020;8(10):3378–87.e11.
29. Bandi S, Nevid MZ, Mahdavinia M. African American children are at higher risk of
COVID-19 infection. Pediatr Allergy Immunol 2020;31(7):861–4.
30. Bailey LC, Razzaghi H, Burrows EK, et al. Assessment of 135 794 pediatric patients tested for severe acute respiratory syndrome coronavirus 2 across the
united states. JAMA Pediatr 2021;175(2):176–84.
31. Secord E, Poowuttikul P, Pansare M, et al. Pediatric emergency visits for asthma
drop significantly with covid 19 school closure. J Allergy Clin Immunol 2021;
147(2):AB150.
32. Leeb RT, Price S, Sliwa S, et al. Covid-19 trends among school-aged children united states, march 1-september 19, 2020. MMWR Morb Mortal Wkly Rep
2020;69(39):1410–5.
33. American Telemedicine Association. ATA commends. Congress for giving HHS
authority to waive restrictions on telehealth for Medicare beneficiaries in response
to the COVID-19 outbreak. Arlington (VA): American Telemedicine Association;
2020. Available at: www.americantelemed.org/press-releases/ata-commendscongress-for-waiving-restrictionson-telehealth-for-medicare-beneficiaries-in-res
ponse-to-the-covid-19-outbreak/. Accessed March 16, 2020.
34. Centers for Medicare & Medicaid Services. Coverage and payment related to
COVID-19 Medicare. 2020. Available at: https://www.cms.gov/files/document/
03052020-medicare-covid-19-fact-sheet.pdf. Accessed: March 15, 2020.
35. Hollander JE, Carr BG. Virtually perfect? Telemedicine for Covid-19. N Engl J
Med 2020;382:1679–81.
36. Shaker MS, Oppenheimer J, Grayson M, et al. COVID-19: pandemic contingency
planning for the allergy and immunology clinic. J Allergy Clin Immunol Pract
2020;8:1477–88.e5.
37. Cardinale F, Ciprandi G, Barberi S, et al. Consensus statement of the Italian society of pediatric allergy and immunology for the pragmatic management of children and adolescents with allergic or immunological diseases during the
COVID19 pandemic. Ital J Pediatr 2020;46:84.
38. Kaye L, Theye BA, Smeenk I, et al. Changes in medication adherence among patients with asthma and COPD during the COVID-19 pandemic. J Allergy Clin Immunol Pract 2020;8:2384–5.
39. Oreskovic NM, Kinane TB, Aryee E, et al. The unexpected risks of covid-19 on
asthma control in children. J Allergy Clin Immunol Pract 2020;8(8):2489–91.
40. Cazeiro C, Silva C, Mayer S, et al. Inhaled corticosteroids and respiratory infections in children with asthma: a meta-analysis. Pediatrics 2017;139(3).
41. Bradding P, Richardson M, Hinks TSC, et al. ACE2, TMPRSS2, and furin gene
expression in the airways of people with asthma-implications for COVID-19.
J Allergy Clin Immunol 2020;146(1):208–11.
42. GINA interim guidance on COVID-19 and asthma. Available at: https://ginasthma.
org/wp-content/uploads/2020/12. Accessed: January12, 2020.
43. AAAAI. Asthma and COVID-19 2020. Available at: https://www.aaaai.org/ask-theexpert/covid. Accessed: December 20, 2020.
Downloaded for Anonymous User (n/a) at Egyptian Knowledge Bank from ClinicalKey.com by Elsevier on September 19,
2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.

COVID-19 and Pediatric Asthma

44. Morais-Almeida M, Aguiar R, Martin B, et al. COVID-19, asthma, and biological
therapies: What we need to know. World Allergy Organ J 2020;13:100–26.
45. Cazzola M, Ora J, Bianco A, et al. Guidance on nebulization during the current
COVID-19 pandemic. Respir Med 2020;176:106236.
46. Mei-Zahav M, Amirav I. Aerosol treatments for childhood asthma in the era of
COVID-19. Pediatr Pulmonol 2020;55(8):1871–2.
47. Camargo CA Jr, Rachelefsky G, Schatz M. Managing asthma exacerbations in
the emergency department: Summary of the National Asthma Education and Prevention Program Expert Panel Report 3 guidelines for the management of asthma
exacerbations. J Allergy Clin Immunol 2009;124(2):S5–14.
48. Crimi C, Impellizzeri P, Campisi R, et al. Practical considerations for spirometry
during the COVID-19 outbreak: Literature review and insights. Pulmonology 2020.

Downloaded for Anonymous User (n/a) at Egyptian Knowledge Bank from ClinicalKey.com by Elsevier on September 19,
2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.

1131

H e a l t h D i s p a r i t i e s an d T h e i r
E ff e c t s o n C h i l d ren an d T h e i r
C a reg i v e r s D u r i n g t h e
C o ro n a v i r u s D i s e a s e 2 0 1 9
Pandemic
Lynn C. Smitherman, MDa,*, William Christopher Golden,
Jennifer R. Walton, MD, MPHc

MD

b

,

KEYWORDS
 COVID-19 pandemic  Health disparities in children  Systemic racism
KEY POINTS
 COVID-19 disproportionately affects children of color, and children considered vulnerable
due to their living situations or underlying health conditions.
 Children of color have higher rates of hospitalization and more serious disease from
COVID-19 than white children, mirroring the demographics of adult patients with
COVID-19.
 Health disparities of children uncovered during the COVID-19 pandemic are due to structural racism, underlying medical problems, limited access to care, the occupations/
employment of their caregivers, and the limited ability to minimize exposure/transmission
in their home environments.
 To reduce health disparities among vulnerable populations of children during this
pandemic and in the future, an intensified effort must be initiated and sustained to
dismantle the social determinants of health, particularly measures to provide economic
stability for families and access to health care and community infrastructure to support
technology needed for education and telemedicine to achieve health equity.

a
Department of Pediatrics, Wayne State University School of Medicine, 400 Mack Avenue,
Suite 1 East, Detroit, MI 48201, USA; b Eudowood Neonatal Pulmonary Division, Department of
Pediatrics, Johns Hopkins University School of Medicine, 1800 Orleans Street, Bloomberg 8523,
Baltimore, MD 21287, USA; c Division of Developmental Behavioral Pediatrics, Department of
Pediatrics, Nationwide Children’s Hospital, The Ohio State University College of Medicine, 700
Children’s Drive, Columbus, OH 43205, USA
* Corresponding author.
E-mail address: lsmither@med.wayne.edu

Pediatr Clin N Am 68 (2021) 1133–1145
https://doi.org/10.1016/j.pcl.2021.05.013
0031-3955/21/ª 2021 Elsevier Inc. All rights reserved.

pediatric.theclinics.com

1134

Smitherman et al

INTRODUCTION

As of the end of January 2021, there have been more than 26,000,000 infections and
more than 435,000 deaths attributable to COVID-19.1 Unfortunately, racial and ethnic
minorities have been affected most significantly by this pandemic, particularly African
Americans, Latinx Americans, and Indigenous Americans.2 For example, African
Americans compose 13.4% of the US population but represent 15.5% of COVID19-related deaths.1 In addition, although severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) affects children to a lesser extent than adults, non-Hispanic
black and Hispanic children are hospitalized at a higher rate than white children and
have more serious disease.3,4 Finally, children with underlying health conditions,
including obesity, chronic lung disease, and prematurity are hospitalized with
COVID-19 at a higher rate than those without chronic medical conditions.3 This disproportionate impact of COVID-19 in minoritized communities has been linked to preexisting health disparities.5–7
Health disparities are defined as differences among specific populations in the ability to achieve full health potential (as measured by differences in incidence, prevalence, mortality, burden of disease, and other adverse health conditions).5 Among
children, multiple factors contribute to these disparities, including economic stability,
and access to health care. According to the Annie E. Casey Foundation, before the
current pandemic, 12 million children in the United States were living in poverty in
2019, including one-third of African American and Native American children and
25% of Latinx children.8 During the same period, of the 4.4 million children without
health insurance, 14% were Native American, 9% were of Hispanic descent, and
18% were immigrants.8 At present, owing to the impact of the pandemic on job security, more than 50% of African American, Latinx, and multiethnic adults are now
without medical insurance, directly affecting the health security of their children.8
With the onset of the pandemic and the social and political upheaval felt by many disenfranchised communities, these well-documented disparities (and the importance of
addressing them) have again been brought to the attention of the medical
community.2–8
This overview will examine the effects of these health disparities in various populations of children in this country. We will first examine the historical context of health
disparities, how they developed, and why they still exist. We will then examine how
specifically the COVID-19 pandemic impacted these disparities among children and
adolescents, both directly and indirectly. Finally, we hope to provide some recommendations to reduce these disparities.
Historical Review of Health Care Disparities

Health care disparities have been described in the medical literature over the decades.
Unequal distribution of resources along with the social determinants of health (economic stability, education, social and community context, health and health care
and neighborhood) all contribute to the overall health and well-being of individuals
in our society.9
A well-established reason for inequitable distribution of resources is systemic
racism (racial bias across institutions and society), which has operated over centuries
and has impacted generations of citizens in this country. This form of racism is more
subtle than interpersonal racism and is unattributable to a particular individual or
group of individuals. Examples include “red-lining” (restricting financial services,
including loans and mortgages, to persons living in certain neighborhoods based on
race), denying land ownership to ethnic/racial minorities, and minimizing access to
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resources such as healthy foods and transportation in communities where racial/
ethnic minorities tend to live. Systemic racism has also contributed to decreased
property values in communities of color, reducing federal, state, and local services
(such as school funding and community resources) to impoverished communities.
These policies have become embedded into the fabric of our society, and over time
have become the status quo.9,10
Systemic racism has resulted in devastating effects on communities of color. Over
centuries, policies endorsed and supported by systemic racism have limited opportunities where racial/ethnic minorities live, work, and obtain an education.9 A longstanding history of the denial of basic rights and resources has burdened African
Americans with lower socioeconomic status relative to whites, along with underresourced communities, which over time has contributed to comorbid conditions leading to vulnerability to poor health outcomes.11 In addition, migrants from certain
countries were not automatically granted citizenship, resulting in diminished opportunities to improve their economic status. Citizens of Hispanic descent, particularly
those whose families emigrated from Mexico and Central America, have been denied
home ownership and have lived under the scrutiny of immigration laws and policies.12
Indigenous Americans have suffered forced migration and forced assimilation under
racist laws and policies. Therefore, based on the policies, laws, and social structure
of the United States, structural racism was successful in preventing communities of
color to thrive. Structural racism also significantly accounts for the differences in
health and well-being among ethnic and racial minorities in this country.13,14 In effect,
centuries of discrimination and racial trauma have negatively impacted the overall
health of people of color.11–14
While racism has played a major role in health disparities, poorer health outcomes
also have been demonstrated in patients with other medical and social constraints.
Homelessness,15 physical disability and/or special care needs,16–19 and geography20
all have been implicated in disparate health outcomes among adults and children.
Recent work has suggested that vulnerable populations warrant close attention to
ensure receipt of appropriate health care during the current COVID-19 pandemic.21
Health Disparities and Pandemics, Including Coronavirus Disease 2019

Historically, communities that are most impacted by new epidemics are often facing
other threats to health and overall well-being.7 Looking back at the Spanish flu in
1918 and the AIDS epidemic in the 1980s to the 1990s, marginalized communities
were hit the hardest.7
Evidence demonstrates that although whites may have higher cases of COVID-19
based on raw numbers, blacks and Hispanics have higher rates and mortality based
on percentage of the population.1 There are many reasons for these discrepancies,
most of which surround social determinants of health. Access to health care, immigration status, and language barriers all contribute to health inequity among Hispanics.
For example, currently, Hispanics have the lowest rates of medical insurance
coverage of all racial/ethnic groups in the United States (19.8% compared with
5.4% non-Hispanic whites). Compounding this statistic is that immigration status
might impede eligibility to access health care, and almost 30% of this population is
not fluent in English, thus posing additional barriers.12 In addition, underfunding of
the American Indian health system along with the additional burden of chronic disease
predisposes this population to poorer outcomes secondary to COVID-19.14
Historically, blacks and Hispanics have higher disease burdens in the case of
chronic lung disease, heart disease, diabetes, and obesity, conditions that also are
risk factors of higher risk of mortality due to COVID-19.11,12 These disparities extend
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to children as well. For children hospitalized with COVID-19-related illnesses, 45.7%
of Hispanic children and 29.8% of black children had an underlying medical condition
(obesity, chronic lung disease, or prematurity) compared with 14.9% of white children.3 However, when social determinants of health, including neighborhood conditions, employment, and access to healthy foods are superimposed on these
biological risks, the reasons for the higher case load and mortality become clear.7
Many African Americans, Hispanic Americans, and Indigenous Americans live in
dense housing (often in multigenerational families) and therefore are unable to socially
distance. Strategies to minimize risk, such as facial coverings and frequent handwashing, may not always be attainable if someone in the household tests positive for
COVID-19, making appropriately quarantining/isolation impossible.6,11–14 In addition,
essential workers typically tend to be people of color, who, despite the pandemic,
must interact daily with the public (as opposed to telecommuting), increasing their
risk of exposure.6
Impact of Health Disparities and Coronavirus Disease 2019 on Specific Pediatric
Populations
Newborns

Amid this pandemic, important attention must be directed to the medical outcomes of
neonates. The effects of SARS-CoV-2 extend across the antenatal to neonatal continuum, particularly affecting communities that traditionally have been marginalized.
Studies of pregnant and parturient women in major US cities have demonstrated
increased SARS-CoV-2 infection and/or seroprevalence among ethnic/racial minorities, and national data indicate an increased risk of death among infected Hispanic
and non-Hispanic black women.22–25 Additionally, pregnant women infected with
SARS-CoV-2 have an increased risk of preterm delivery,26,27 which may exacerbate
the known disparity in such deliveries among African American women in the United
States.28,29 Finally, Niles and colleagues30 argue that care and non–evidence-based
policies implemented during the outbreak, including early inductions and elective cesarean deliveries (to manage hospital volumes) and limiting care partners during labor
and delivery, disproportionately affect outcomes among women of color. These factors may reduce or eliminate opportunities for establishment of the maternalneonatal dyad.
Data indicate rates of neonatal acquisition of SARS-CoV-2 at approximately 2% to
7%, with newborns presenting predominately with respiratory symptoms and being
more significantly ill than older children.31,32 Intrauterine and postnatal acquisition of
SARS-CoV-2 infection in newborns has been described, although the mechanisms
and risk factors for neonatal infection are not completely clear.31,33–35 Additionally,
specific data on racial disparities among SARS-CoV-2-infected newborns still are being investigated.
Further challenges remain in hospital-based newborn care during the pandemic,
which may directly impact minoritized communities. In April, 2020, the American
Academy of Pediatrics (AAP) recommended temporary separation of SARS-CoV-2positive mothers from their newborns after birth to minimize the risk of neonatal infection.36 Subsequent data demonstrated decreased rates of immediate and long-term
breastfeeding among separated maternal-neonatal dyads.37 These results, along
with data showing no increased risk of neonatal infection with rooming-in, led the
AAP in July 2020 to endorse room sharing (with appropriate infection control practices) for healthy babies with their nonacutely ill mothers.36 However, the previous restrictions may have impaired nursing practices among African American mothers, who
are less likely to initiate and continue breastfeeding through infancy.38
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Additional stressors may occur at home and in outpatient settings. Newborn care
(and provision of discharge instructions) to nonmaternal caregivers may be required,
especially if an ill mother remains hospitalized. However, as a disproportionate number
of cases of SARS-CoV-2 occur in racial/ethnic minorities,39 these additional caretakers
may place the baby at risk for postnatal viral acquisition and illness. Furthermore, hand
hygiene and mask wearing (with breastfeeding and other components of neonatal care)
still are recommended for mothers and family members convalescing from SARS-CoV2 illness,36 which may represent an additional expense for families. Finally, routine
newborn appointments (for state newborn screening, hyperbilirubinemia monitoring,
and weight/feeding assessment) may be delayed due to limitations in physical space
(for isolating infected or at-risk patients) and personal protective equipment (for providers) in primary care offices. Telemedicine and home health nursing visits, evolving alternatives to traditional office appointments, seem to be attractive models for pediatric
primary care in the midst of the pandemic. However, minoritized communities, many
with limited financial resources and technology access, residua of racial residential
segregation, and existent language barriers, may be unable to use these opportunities,
possibly worsening disparities in short-term neonatal outcomes.
School-aged children and adolescents

Almost 60 million students have been significantly affected from school closures due
to COVID-19.40 Evidence has grown about the adverse effects on the physical, developmental, socioemotional, and environmental health of children before the COVID-19
pandemic by various social determinants of health, including poverty and racism. The
impact has exponentially increased since the pandemic’s arrival.
One example of these effects on children is the growth of the nation’s digital divide.
Before the pandemic, underserved and marginalized populations already had difficulty
accessing stable telephone and Internet connections. Per the Pew Research Center,
in 2019, 79% of white households had home broadband connection, compared with
66% of black households and 61% of Hispanic households.41 Financial disparities
also impact this divide; 92% of those who make $75,000 or more had home broadband compared with 87% who make $50,000 to $74,999, 72% who make $30,000
to $49,999, and 56% who make $30,000 or less.41 The pandemic has intensified
this inequity, and as health care systems nationwide converted to telehealth options
to continue to provide care, so did the amplification of the digital divide. Social determinants of health fostered this negative impact, in mechanisms ranging from limited or
lack of Internet access, patients’ level of literacy on use of technology, building rapport
and trust with patients, and cost.42 This divide leads to families trying to access the
Internet in not ideal ways via public spaces, such as parking lots.43 Those individuals
who come from a lower socioeconomic status, elderly, racial/ethnic minority, and/or
with disabilities, need to be considered as the digital divide is addressed.44 Cities
(such as Baltimore, Philadelphia, and San Antonio) and organizations have become
creative in delivering secure Internet connections to underserved communities. The
need for continued advocacy nationwide on this effort is imperative.43
The COVID-19 pandemic may also have impacted childhood obesity. One study using a microsimulation model of students followed from kindergarten through fifth grade
showed that mean body mass indices and childhood obesity prevalence increased as
the time of the school closure increased (based on different scenarios of school closures
due to COVID-19).45 A 0.640% change in childhood obesity was noted from a 2-month
closure alone for kindergarten students (closed April and May 2020), and a 2.373%
change was noted from closures and decreased activity from April 2020 through
December 2020.45 More of an impact on childhood obesity was noted in male, non-
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Hispanic black and Hispanic children.45 Another study demonstrated that decreased
physical activity and increased sedentary behavior were noted in children in the United
States, early in the COVID-19 pandemic, and specifically more among children aged 9
to 13 years compared with children aged 5 to 8 years.46 There is guidance from the AAP
on identifying children at risk for obesity, acknowledging and addressing the inequities
in accessing opportunities and obesity rates, and supporting families on the importance
of healthy eating and physical activity during the COVID-19 pandemic.47
Unique childhood populations

During the 2018 to 2019 academic year, more than 7 million children in the nation
received special education services in school, with the highest percentage for American
Indian/Alaska Native students at 18%.48 It was reported that 16% of Black students,
14% of white students, 14% of students of 2 or more races, and 13% of Hispanic students were reported to have disabilities requiring special education services.48 Jeste
and colleagues,49 in evaluating how access to educational and health care services
have changed since the pandemic, noted that 74% of parents of children with disabilities reported their children lost at least one therapy or educational service, 56% reported their children received “at least some” services, and 36% reported losing
access to a health care provider. These data indicate that the pandemic has adversely
affected daily functioning and routine of children with special needs. Depending on the
type of disability (for example, autism spectrum disorder), this decrease in support may
lead to an increase in challenging behaviors by frequency and/or intensity.50 Guidance
to support children with disabilities and their families receiving their educational services
exist at federal and state levels, including virtual options. Although some virtual options
have shown success for some students with disabilities, addressing the barriers to access and education (as previously discussed) to those options are vital for true equitable
academic success for students from all backgrounds.
Before the pandemic, cases of pediatric mental illness and suicide trends have been
on the rise and are concerning, as children as young as 5 years have been identified
with mental health problems.51 COVID-19 has gravely affected pediatric mental
health, both directly and indirectly. This pandemic is traumatizing, leading to children
becoming fearful of having COVID-19 or a family member becoming ill or dying. In
addition, children realize this pandemic has affected their ability to interact with peers,
celebrate birthdays (or other holidays), and attend school. Parents and caregivers are
also enduring this trauma and the difficulties navigating employment, providing for
their families, and keeping everyone healthy. These stressors have led to missed appointments with health care providers, and for some families, worsening housing and
food insecurity, significantly increasing adverse childhood experiences.
Researchers reviewed the mental health effects in children impacted by the
pandemic and noted abuse, neglect, and a variety of psychiatric disorders, including
suicidal ideations.52 Leeb and colleagues53 found that starting in April 2020, pediatric
mental health-related emergency department visits increased 24% in children aged 5
to 11 years, and increased 31% in children aged 12 to 17 years, when compared with
2019 data. Additionally, given the importance of schools as an option for health care
delivery (specifically for mental health treatment), closures significantly disrupted
these services, particularly for racial and ethnic minority students.54 Leff and colleagues55 further noted that black children were more than 50% less likely to come
to the emergency department (ED) with a mental health condition compared with
before the pandemic, possibly for a few reasons, such as unequal access to care
(especially with school closures) and COVID-19 disproportionately affecting black
communities and delaying seeking care.55

Health Disparities and Their Effects on Children

Children with medical complexity are at risk of reduced health care access during
the pandemic due to decreased care from home health aides and school closures,
where medical care was provided during the day.56 Because of the increased vulnerability of these children, parents were at risk for unemployment if they were not able to
work from home and at risk for mental/emotional stress without respite and in-home
support56; this further increases the isolation of these families and increases the
vulnerability of children with medical complexity. Medical visits may be reduced as
parents/caregivers fear exposure to COVID-19.8,56
During this time of the pandemic, children are at a higher risk for maltreatment.56,57
With school closures the number of mandatory reporters that see children on a regular
basis is significantly reduced. The more than 400,000 children in the foster care system during the pandemic are particularly vulnerable because of the shelter-in-place
and social distancing executive orders that were placed to decrease the transmission
of COVID-19.56,57 Many children in foster care have experienced adversity and
trauma, which led to their initial placement.56–58 Compounding this is that social
distancing in many areas meant that these children were not able to have face-toface visits with their birth families, which may contribute to their emotional stress.56
In some states, case workers have been either furloughed or unable to make home
visits with children in care for routine safety checks, delaying the potential for reunification with birth families. In addition, delays in court proceedings delay adoptions for
children in care.56 Furthermore, children who age out of the system during the
pandemic are left in a more vulnerable state as they try to navigate life as adults during
a public health and economic crisis.56
Homeless families with children do not have the privilege of adhering to the public
health recommendations to decrease the spread of COVID-19.56 Sheltering in place,
access to hygiene supplies, and practicing social distancing are not always possible
or practical for families with housing insecurity.55 Of those families, approximately
75% are “doubling up,” that is, living with another family; approximately 14% live in
shelters, 7% live in hotels or motels, and approximately 3% are unsheltered.56,57 During the pandemic, 78% of families experiencing homelessness are Hispanic, again in
line with the health disparities seen during the pandemic.56 Unaccompanied youth
who are homeless are more likely to be African American; identify as lesbian, gay,
bisexual, transgender, and gender or sexual orientation questioning (LGBTQ), or
have less than a high school education.57 According to the Annie E. Casey Foundation, 18% of families are concerned that they will not be able to pay for their rent on
time during the pandemic, with higher proportions of African American families
(31%) and Hispanic families (26%) compared with white families (12%).8 Families
who are doubling up are frequently under the threat of being asked to leave due to
financial or safety reasons.56 Those living in shelters use communal bathrooms and
kitchens, again making social distancing and hygiene difficult.56 In general, contact
tracing, prevention, and treatment are more difficult for families that are homeless.56
Impact of Coronavirus Disease 2019 on Caregivers

Children depend on their parents, guardians, and/or caregivers for basic needs (food,
shelter, clothing) as well as transportation, education, and health care access (ie, insurance). Any condition that impacts the caregivers’ ability to provide these needs
negatively impacts the overall well-being of the child. For example, a caregiver
employed as an essential worker during this pandemic might be unable to provide supervision of children at home as they attend school virtually. Caregivers may be at a
greater risk of exposure to COVID-19 depending on his or her employment status
and might not adequately be able to quarantine upon exposure, thus increasing the

1139

1140

Smitherman et al

risk of infection to the entire family.6 In addition, many frontline jobs do not compensate workers who have to stay home due to illness, placing workers at risk of losing
their source of income.6,8 Furthermore, many of these workers have inadequate health
insurance coverage and may delay care once symptomatic, risking their own health
and the health of their family and community.6,8
Although the percentage of whites working essential jobs was only slightly lower
than nonwhites (Hispanics, blacks, and Asians), job characteristics of essential
workers varies with race/ethnicity.6 Approximately 12% of Whites and 17% of Asians
are essential workers able to work from home, compared with 10% blacks and 9%
Hispanics.6,8 A higher proportion of blacks tend to work in health care (eg, nursing assistants, home health care aides, ambulance drivers, housekeeping) and public safety
(eg, police officers, firefighters, security guards, corrections officers, postal employees, public transportation workers, and those who work in funeral homes and crematoriums).6,59 Hispanics are overrepresented in the foodservice industry.6,60 These
occupations increase the exposure risk to COVID-19 among minorities.
Impact of Coronavirus Disease 2019 on Physicians and Other Health Care Workers
of Color

The COVID-19 pandemic has also had a significant effect on physician and skilled
health workers of color. Of the 18.6 million health care workers in the United States,
40% are people of color (16% blacks, 13% Hispanic, and 7% Asian).60,61 At present,
African Americans, Hispanics, and Native American constitute 5%, 5.8%, and 0.4% of
practicing physicians, respectively.60,61 These discrepancies in themselves have led
to some of the health disparities seen in minority communities, and one of the interventions to counteract this is to increase the pipeline to include more physicians of color
into the profession.61 However, this pandemic has caused a disparate toll on these
physicians of color. Many disproportionately practice in communities with higher rates
of COVID-19 and thus are at a higher risk of exposure.60,61 In addition, these physicians are more likely to have chronic health conditions, placing them at higher risk
for severe morbidity and mortality from COVID-19.60,61 Also, those physicians in private practice have witnessed the economic impact of the pandemic on their livelihood,
and those who serve their communities in safety net health care institutions have had
to deal with understaffed and underresourced personnel.61 Furthermore, when African
Americans enter the health care system as patients, they are at a higher risk of
receiving lower-quality care, particularly if they are treated using diagnostic criteria
and clinical pathways embedded with racial bias.61 Finally, physicians of color in general are at a greater risk of developing mental health problems including anxiety,
depression, posttraumatic stress disorder, imposter syndrome, and survivor guilt.12,61
SUMMARY
Steps to Minimize Health Disparities and Their Impact on Children, Caregivers, and
Health Care Workers During the Coronavirus Disease 2019 Pandemic and Beyond

COVID-19 has illuminated the areas of needed improvement in the delivery of equitable
child health and education. Several agencies and organizations are providing guidelines
on how to support families, schools, and health care systems in this effort. The Economic Policy Institute has highlighted the lessons learned and suggested a plan through
“relief, recovery, and rebuilding,”62 where this nation critically reviews its resources and
interest in child development. The Centers for Disease Control and Prevention created a
resource kit to support child behavioral and mental health, categorized by age groups.63
Pediatric providers must continue to check in with their families and keep open
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communication. A resource to assist providers is the Roadmap to Resilience,
Emotional, and Mental Health from the American Board of Pediatrics.64
For parents and caregivers who are unable to secure economic stability and health
care through employment, there must be mechanisms available to assist with access
to safety net resources easily and without the threat of legal action or
deportation.12–14,56–60
For children of unique populations, steps to minimize the impact of COVID-19
include:
 Providing access to telehealth visits
 Endorsing caregiver support groups
 Ensuring respite care for children with complex medical conditions and their
families
 Heightening awareness among other mandatory reporters
 Providing paid leave and economic assistance to foster families
 Enhancing technical support and connectivity for parents for telemedicine visits
and resource acquisition
 Increasing state funding for family preservation services for children in foster care
 Offering emergency rental assistance and upholding a moratorium on evictions
and foreclosures for homeless children55–58
Whatever obstacle may come, be it COVID-19 or another global disaster, steps
must be taken to ensure the resilience of children and adolescents and their families.
In addition to those efforts, we must also ensure that our health care system has the
resources and personnel needed to ensure the equitable delivery of health care services to everyone. Policies to promote the overall health and well-being of children,
adolescents, and their families, including the promotion and sustaining of safety net
resources, access to health care, safe living environments, and economic security,
should continue to be this nation’s top priority.
CLINICS CARE POINTS

 Compared with the general population, non-Hispanic blacks, indigenous Americans/Alaskan
Natives, and Hispanics have higher rates of COVID-19 infection and deaths, because of
several factors including:
 Timely access to medical care
 Poverty
 Occupation
 Systemic racism
 Although children in general have lower rates of COVID-19 infection and hospitalization,
non-Hispanic black and Hispanic children have higher rates of hospitalization due to
COVID-19 infection.
 In addition to people of color, unique populations of children at higher risk of medical
complications of COVID-19 due to health disparities include:
 Children who are immigrants
 Children who are obese
 Children with chronic illnesses and/or disabilities
 Children who are homeless
 Children who are impoverished
 Children who are in foster care
 Health disparities during the COVID-19 pandemic have also been demonstrated in education,
safety net programs, and mental health support services.
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 Recommendations to decrease these disparities include addressing social determinants of
health:
 Education: providing schools and families with appropriate resources to stabilize and
enhance virtual learning, offering individualized instruction for students falling behind,
and redesigning the educational system to focus on the whole child
 Health and health care: monitoring and addressing the physical and mental health of
patients and families during the pandemic, advocating for the elimination of barriers to
COVID-19 testing and vaccines, and recommending appropriate compensation for
telemedicine care
 Economic stability: providing personal protective equipment (PPE) for all essential
workers, supporting fair housing practices (rental assistance, eviction moratoria) during
the pandemic, and promoting affordable/free PPE supplies to families with high-risk
household members.

DISCLOSURE

Dr L.C. Smitherman and Dr W.C. Golden have no disclosures relevant to the material
presented.
REFERENCES

1. Center for Disease Control. Available at: https://covid.cdc.gov/covid-datatracker/#cases_casesper100klast7days. Accessed January 17, 2021.
2. Abedi v. Olulana O, Avula V, Chaudhary D, Khan A, Shahjouei S, Li J, and Zand R.
Racial, Economic and Health Inequality and COVID-19 Infection in the United
States. J Racial Ethn Health Disparities 2020;1–11.
3. Kim L, Whitaker M, O’Halloran A, et al. Hospitalization Rates and Characteristics
of Children Aged <18 Years Hospitalized with Laboratory-Confirmed COVID-19COVID-NET, 14 States, March 1-25, 2020. MMWR Morb Mortal Wkly Rep 2020;
69:1081–8.
4. Lee EH, Kepler KL, Geevarughese A, Paneth-Pollak R, Dorsinville MS, Ngai S,
Reilly KH. Race/Ethnicity Amoung Children with COVID-19-Associated Multisystem Inflammatory Syndrome. JAMA Netw Open 2020;3(11):e20302800.
5. Baciu A, Negussie Y, Geller A, et al, editors. The state of health disparities in the
United States in communities in action: pathways to health equity. National Academies of Sciences, Engineering, and medicine; health and medicine Division;
board on population health and public health practice; Committee on
community-based Solutions to promote health equity in the United States. Washington (DC): National Academies Press; 2017.
6. Selden TM, Berdahl TA. COVID-19 and Racial/Ethnic Disparities in Health Risk,
Employment, and Household Composition. Health Aff 2020;39(9):1624–32.
7. Gravlee C. Systemic racism, chronic health inequities, and COVID-19: A syndemic in the making? Am J Hum Biol 2020;e23482.
8. Kids, Families and COVID-19: Pandemic Pain Points and the Urgent Need to
Respond. Annie E. Casey Foundation. December 2020;14.
9. Jones CP. Confronting Institutional Racism. Phylon 2002;50(1–2):7–22, 1960.
10. Johnson T. Intersection of Bias, Structural Racism and Social Determinants with
Health Care Inequities. Pediatrics 2020;146(2). e2020003657.
11. Yancy CW. COVID-19 and African Americans. JAMA 2020;323(19):1891–2.
12. Gil R, Marcelin JR. Zuniga-Blanco, Marquez C, Mathew T, Piggott D. COVID-19
Pandemic: Disparate Health Impact on the Hispanic/Latinx Population in the
United States. J Infect Dis 2020;222(10):1592–5.

Health Disparities and Their Effects on Children

13. Fingling MG, Casey LS, Fryberg SA, Hafner S, Blendon RJ, Benson JM,
Sayde JM, Miller C. Discrimination in the US: Experiences of Native Americans.
Health Serv Res 2019;54:1431–41.
14. Hatcher SM, Agnew-Brune C, Anderson M, et al. COVID-19 Among American Indian and Alaska Native Persons-23 States, January 31-July 3, 2020. MMWR Morb
Mortal Wkly Rep 2020;69:1166–9.
15. Oppenheimer SC, Nurius PS, Green S. Homelessness history impacts on health
outcomes and economic and risk behavior intermediaries: new insights from
population data. Fam Soc 2016;97(3):230–42.
16. Na L, Singh S. Disparities in mental health, social support and coping among individuals with mobility impairment. Disabil Health J 2021;14(2):101047.
17. Minnaert J, Kenney MK, Ghandour R, et al. CSHCN with hearing difficulties: Disparities in access and quality of care. Disabil Health J 2020;13(1):100798.
18. Jolles MP, Thomas KC. Disparities in self-reported access to patient-centered
medical home care for children with special health care needs. Med Care
2018;56(10):840–6.
19. Acharya K, Meza R, Msall ME. Disparities in life course outcomes for transitionaged youth with disabilities. Pediatr Ann 2017;46(10):e371–6.
20. Morales DA, Barksdale CL, Beckel-Mitchener A. A call to action to address rural
mental health disparities. J Clin Transl Sci 2020;4(5):463–7.
21. Verduzco-Gutierrez M, Lara AM, Annaswamy TM. When Disparities and Disabilities Collide: Inequities during the COVID-19 Pandemic. PM&R 2021;13(4):412–4.
22. Emeruwa UN, Spiegelman J, Ona S, et al. Influence of race and ethnicity on severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection rates and
clinical outcomes in pregnancy. Obstet Gynecol 2020;136(5):1040–3.
23. Sakowicz A, Ayala AE, Ukeje CC, et al. Risk factors for severe acute respiratory
syndrome coronavirus 2 infection in pregnant women. Am J Obstet Gynecol MFM
2020;2(4):100198.
24. Flannery DD, Gouma S, Dhudasia MB, et al. SARS-CoV-2 seroprevalence among
parturient women in Philadelphia. Sci Immunol 2020;5(49):eabd5709.
25. Zambrano LD, Ellington S, Strid P, et al. Update: characteristics of symptomatic
women of reproductive age with laboratory-confirmed SARS-CoV-2 infection by
pregnancy status - United States, January 22-October 3, 2020. MMWR Morb
Mortal Wkly Rep 2020;69(44):1641–7.
26. Marı́n Gabriel MA, Vergeli MR, Carbonero SC, et al. Maternal, perinatal and
neonatal outcomes with COVID-19: a multicenter study of 242 pregnancies and
their 248 infant newborns during their first month of life. Pediatr Infect Dis J
2020;39(12):e393–7.
27. Allotey J, Stallings E, Bonet M, et al. Clinical manifestations, risk factors, and
maternal and perinatal outcomes of coronavirus disease 2019 in pregnancy:
living systematic review and meta-analysis. BMJ 2020;370:m3320.
28. Johnson JD, Green CA, Vladutiu CJ, et al. Racial disparities in prematurity persist
among women of high socioeconomic status. Am J Obstet Gynecol MFM 2020;
2(3):100104.
29. Kistka ZA, Palomar L, Lee KA, et al. Racial disparity in the frequency of recurrence of preterm birth. Am J Obstet Gynecol 2007;196(2):131.e131–6.
30. Niles PM, Asiodu IV, Crear-Perry J, et al. Reflecting on equity in perinatal care during a pandemic. Health Equity 2020;4(1):330–3.
31. Barrero-Castillero A, Beam KS, Bernardini LB, et al. COVID-19: neonatal-perinatal
perspectives. J Perinatol 2021;41(5):940–51.

1143

1144

Smitherman et al

32. Liguoro I, Pilotto C, Bonanni M, et al. SARS-COV-2 infection in children and newborns: a systematic review. Eur J Pediatr 2020;179(7):1029–46.
33. Naz S, Rahat T, Memon FN. Vertical transmission of SARS-CoV-2 from COVID-19
infected pregnant women: a review on intrauterine transmission. Fetal Pediatr
Pathol 2021;40(1):80–92.
34. Wang W, Xu Y, Gao R, et al. Detection of SARS-CoV-2 in different types of clinical
specimens. JAMA 2020;323(18):1843–4.
35. Kimberlin DW, Stagno S. Can SARS-CoV-2 Infection be acquired in utero?: More
definitive evidence is needed. JAMA 2020;323(18):1788–9.
36. American Academy of Pediatrics. FAQ: Management of Infants Born to Mothers
with Suspected or Confirmed COVID-19. Available at: https://services.aap.org/
en/pages/2019-novel-coronavirus-covid-19-infections/clinical-guidance/faqsmanagement-of-infants-born-to-covid-19-mothers/. Accessed January 18, 2020.
37. Popofsky S, Noor A, Jill Leavens-Maurer J, et al. Impact of maternal severe acute
respiratory syndrome coronavirus 2 detection on breastfeeding due to infant separation at birth. J Pediatr 2020;226:64–70.
38. Beauregard JL, Hamner HC, Chen J, et al. Racial disparities in breastfeeding
initiation and duration among U.S. infants born in 2015. MMWR Morb Mortal
Wkly Rep 2019;68(34):745–8.
39. COVID-19 Racial and Ethnic Health Disparities. Available at: www.cdc.gov/
coronavirus/2019-ncov/community/health-equity/racial-ethnic-disparities/
increased-risk-illness.html. Accessed January 18, 2021.
40. Masonbrink AR, Hurley E. Advocating for Children During the COVID-19 School
Closures. Pediatrics 2020;146(3):e20201440.
41. Internet Broadband Fact Sheet. Pew Research Center Internet & Technology.
2019. Available at: https://www.pewresearch.org/internet/fact-sheet/internetbroadband/#who-has-home-broadband. Accessed January 17, 2021.
42. Ramsetty A, Adams C. Impact of the digital divide in the age of COVID-19. J Am
Med Inform Assoc 2020;27(7):1147–8.
43. Flaherty C, Wood SM, Chen K. Broadband Internet Access, Education & Child
Health: From Differences to Disparities, Part 1. PolicyLab Blog post September
2020 Notes. Available at: https://policylab.chop.edu/blog/broadband-internetaccess-education-child-health-differences-disparities-part-1. Accessed January
17, 2021.
44. Gray DM, Joseph JJ, Olayiwola JN. Strategies for Digital Care of Vulnerable Patients in a COVID-19 World—Keeping in Touch. JAMA Health Forum Published
Online 2020. https://doi.org/10.1001/jamahealthforum.2020.0734.
45. An R. Projecting the impact of the coronavirus disease-2019 pandemic on childhood obesity in the United States: A microsimulation model. J Sport Health Sci
2020;9:302–12.
46. Dunton GF, Do B, Wang SD. Early effects of the COVID-19 pandemic on physical
activity and sedentary behavior in children living in the U.S. BMC Public Health
2020;20:1351.
47. Supporting Healthy Nutrition and Physical Activity During the COVID-19
Pandemic. American Academy of Pediatrics; 2020. Available at: https://
services.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/clinicalguidance/supporting-healthy-nutrition-and-physical-activity-during-the-covid-19pandemic/. Accessed January 27, 2021.
48. The Condition of Education: Students with Disabilities. National Center for Education Statistics, May 2020. Available at: https://nces.ed.gov/programs/coe/
indicator_cgg.asp. Accessed January 17, 2021.

Health Disparities and Their Effects on Children

49. Jeste S, Hyde C, Distefano C, Halladay A, Ray S, Porath M, Wilson RB, Thurm A.
Changes in access to educational and healthcare services for individuals with intellectual and developmental disabilities during COVID-19 restrictions. J Intellect
Disabil Res 2020;64:825–33.
50. Eshraghi AA, Li C, Alessandri M, Messinger DS, Eshraghi RS, Mittal R,
Armstrong FD. COVID-19: overcoming the challenges faced by individuals with
autism and their families. The Lancet Psychiatry 2020;7(6):481–3.
51. Bridge JA, Asti L, Horowitz LM, et al. Suicide Trends Among Elementary School–
Aged Children in the United States From 1993 to 2012. JAMA Pediatr 2015;
169(7):673–7.
52. de Figueiredo CS, Sandre PC, Portugal LCL, et al. COVID-19 pandemic impact
on children and adolescents’ mental health: Biological, environmental, and social
factors. Prog Neuro-psychopharmacology Biol Psychiatry 2021;106:110171.
53. Leeb RT, Bitsko RH, Radhakrishnan L, Martinez P, Njai R, Holland KM. Mental
Health–Related Emergency Department Visits Among Children Aged <18 Years
During the COVID-19 Pandemic — United States, January 1–October 17, 2020.
MMWR Morb Mortal Wkly Rep 2020;69:1675–80.
54. Golberstein E, Wen H, Miller BF. Coronavirus Disease 2019 (COVID-19) and
Mental Health for Children and Adolescents. JAMA Pediatr 2020;174(9):819–20.
55. Leff RA, Setzer E, Cicero MX, Auerbach M. Changes in pediatric emergency
department visits for mental health during the COVID-19 pandemic: A crosssectional study. Clin Child Psychol Psychiatry 2021;26(1):33–8.
56. Wong CA, Ming D, Maslow G, Gifford EJ. Mitigating the Impacts of the COVID-19
Pandemic Response on At-Risk Children. Pediatrics 2020;146(1):e20200973.
57. Annie E. Casey Foundation. Foster Care. Available at: https://www.aecf.org/
topics/foster-care/?gclid5Cj0KCQiAmL-ABhDFARIsAKywVafrrw_UzGo3vVK7wiDLkeYCl7xnGDkenDz4LX4Ge3Lli8kfNx5SCUaAgc_EALw_wcB.
Accessed
January 26, 2021.
58. Hilavinka E, Firth S. CCOVID-19 Strips Safety Net for Foster Youth “Aging Out’
During Pandemic. Medpage Today 12/8/20. Available at: https://www.
medpagetoday.com/special-reports/exclusives/90072?vpass51.
Accessed
January 24, 2021.
59. Beharry MS, Christensen R. Homelessnes in pediatric populations: strategies for
prevention, assistance and advocacy. Pediatr Clin North Am 2020;67(2):357–72.
60. Artiga S, Rae M, Pham O, Hamel L, Munan C. COVID-19 Risks and Impacts
Among Health Care Workers by Race and Ethnicity. 2020. Available at: https://
www.kff.org/racial-equity-and-health-policy/issue-brief/covid-19-risks-impactshealth-care-workers-race-ethnicity/. Accessed January 17, 2021.
61. Filut A, Carnes M. Will Losing Black Physicians be a Consequence of the COVID19 Pandemic? Acad Med 2020;95(12):1796–8.
62. Garcia E, Weiss E. COVID-19 and student performance, equity, and U.S. education
policy. Economic Policy Institute. 2020. Available at: https://www.epi.org/publication/
the-consequences-of-the-covid-19-pandemic-for-education-performance-andequity-in-the-united-states-what-can-we-learn-from-pre-pandemic-research-toinform-relief-recovery-and-rebuilding/. Accessed January 17, 2021.
63. COVID-19 Parental Resources Kit. Center for Disease Control and Prevention.
2020. Available at: https://www.cdc.gov/coronavirus/2019-ncov/daily-lifecoping/parental-resource-kit/index.html. Accessed January 17, 2021.
64. Roadmap to Resilience. Emotional, and Mental Health. The American Board of
Pediatrics. 2020. Available at: https://www.abp.org/foundation/roadmap. Accessed January 17, 2021.

1145

