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Abstract

Background The majority of coronavirus disease 2019 (COVID-19) symptom presentations in adults and children appear to
run their course within a couple of weeks. However, a subgroup of adults has started to emerge with effects lasting several
months or more after initial infection, which raises questions about the long-term physical, mental and social health effects
of COVID-19 in the pediatric population. The purpose of this review was to determine these impacts well into the second
year of the pandemic.

Methods A search was conducted using PubMed, Web of Science, Science Direct, and Cochrane between 11/1/2019 and
9/1/2021. Search inclusion criteria were as follows: (1) COVID-19 illness and symptoms in children; (2) severe acute res-
piratory syndrome coronavirus 2 in children; (3) English language; and (4) human studies only.

Results The few studies that have documented long-term physical symptoms in children show that fatigue, difficulty in
concentrating (brain fog), sleep disturbances, and sensory problems are the most reported outcomes. Most studies examin-
ing the impact of COVID-19 in pediatric populations have focused on initial clinical presentation, and symptoms, which are
similar to those in adult populations. In addition, COVID-19 has had a moderate impact on children and adolescents’ social
environment, which may exacerbate current and future physiological, psychological, behavioral, and academic outcomes.
Conclusions There are limited studies reporting long physical symptoms of COVID-19 in the pediatric population. How-
ever, pediatric COVID-19 cases are underreported due to low rates of testing and symptomatic infection, which calls for
more longitudinal studies. Children who have experienced COVID-19 illness should be monitored for long physiological,
psychological, behavioral, and academic outcomes.
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Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) causes the novel coronavirus disease 2019 (COVID-
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lion reported cases among children in the United States
[1]. Early studies from China [2-9] and Europe [10] have
shown that COVID-19 is generally a mild disease in chil-
dren, including infants. In the U.S., and globally, fewer
cases of COVID-19 have been reported in children (age
0-17 years) compared with adults [1, 7] but recent data
suggest the delta (B.1.617.2) variant is more transmissible
among children compared to the alpha (B.1.1.7) variant.
Specifically, while children comprise 22% of the U.S. popu-
lation (novel coronavirus), recent data show that 15.5% of
all cases of COVID-19 reported to the Centers for Disease
Control and Prevention were among children [3]. Indeed,
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the true incidence of SARS-CoV-2 infection in children is
not known due to lack of widespread testing and the prior-
itization of testing for adults and those with severe illness.
In addition, hospitalization rates in children have remained
significantly lower than adult rates suggesting that children
may have less severe illness from COVID-19 compared to
adults [9]. However, a small proportion of children develop
severe disease requiring intensive care unit (ICU) admission
and prolonged ventilation [11], although fatal outcome is
rare. In addition, reports of a novel Kawasaki disease-like
multisystem inflammatory syndrome (MIS-C) necessitate
continued surveillance in pediatric patients [12—-15]. This
syndrome has also been reported as pediatric inflammatory
multisystem syndrome temporally associated with SARS-
CoV-2 (PIMS-TS) [16, 17].

Common acute symptoms of COVID-19 disease in both
adults and children include fever, cough, shortness of breath,
chills, muscle pain, headache, sore throat, and loss of taste
or smell. The most common physical symptoms reported
by adults after a SARS-CoV-2 infection are fatigue/lethargy
and shortness of breath, with on average one-third reporting
at least one persistent symptom months after recovery [18,
19]. Most patients recover within 2 weeks of initial symp-
toms. However, a subgroup of adults has been documented
to have longer-lasting symptoms, often termed “long” or
“long haulers”. One recent study has reported similar long
symptoms in children (<18 years old) previously diag-
nosed with COVID-19 from the largest hospital in Rome
[20]. A questionnaire was delivered by two pediatricians,
either online or during outpatient visit, between September
Ist, 2020 and January 1st, 2021 to the children’s caregivers.
Symptoms frequently reported up to 120 days after infec-
tion included muscle and joint pain, headache, insomnia,
respiratory issues, and palpitations [20]. While this study did
provide some insight into long-COVID-19 symptoms, the
findings were limited by a single-center design and relatively
small sample size.

The COVID-19 pandemic and its associated mitigation
strategies are expected to have significant psychosocial,
behavioral, socioeconomic, and health impacts, which are
exacerbated in populations that experience health dispari-
ties and other vulnerable groups [21-23]. Pediatric popula-
tions experiencing health disparities prior to the COVID-
19 pandemic are at increased risk of infection and other
COVID-19 related consequences (e.g., prolonged school
closings, low resources to support online learning, par-
ent job loss, high prevalence of community morbidity and
mortality due to COVID-19) [24, 25]. Preliminary reports
in the U.S. point consistently to disparities by race and
ethnicity, with African Americans, Hispanics/Latinos,
American Indians/Alaska Natives, and Native Hawaiians/
Other Pacific Islanders experiencing a greater COVID-19
burden than non-Hispanic White populations [26]. Reports
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by geographic locations indicate that cases are substan-
tially greater in economically disadvantaged census tracts
[1, 27]. These long-term effects, even if only mild in sever-
ity, can have a detrimental impact on a person’s overall
quality of life [28]. Therefore, the purpose of this review
is to gather evidence on the current state of knowledge of
potential long symptoms and consequences of COVID-
19 in the pediatric population including physical, mental,
behavioral, and social health, academic, and quality-of-life
outcomes.

Methods

PRISMA guidelines were used as the search framework.
A comprehensive search was completed via PubMed, Web
of Science, Science Direct, medRxiv, and Cochrane with
the following search terms: multisystem inflammatory
syndrome or MIS-C, pediatric inflammatory multisys-
tem syndrome temporally associated with SARS-CoV-2
or PIMS-TS, COVID-19 and/or SARS-CoV-2, and chil-
dren, adolescent, adolescence, or pediatric. PubMed filters
applied: abstract, clinical study, clinical trial, compara-
tive study, controlled clinical trial, journal article, meta-
analysis, observational study, randomized controlled trial,
review, systematic review, humans, child: birth—18 years,
newborn: birth—1 month, infant: birth-23 months,
infant: 1-23 months, preschool child: 2-5 years, child:
6—12 years, adolescent: 13—-18 years, from 11/1/2019 to
9/1/2021.

Studies were stratified by study setting and patient popu-
lation type. Group A consisted of articles specifically men-
tioning MIS-C and/or PIMS-TS in their title, and/or their
primary population diagnosed as MIS-C and/or PIMS-TS
patients. Group B was defined by studies that took place
within a hospital and/or participants having been studied
for COVID-19 infection in any hospital department such as
the emergency department, neonatal ICU, pediatric ICU, or
ICU. If a population also included outpatients or was any
study conducted outside of a hospital setting, then they were
placed in Group C (non-hospital). After removing dupli-
cates and reading title and abstract, the number of articles
was reported by articles found, those selected for literature
review, and those specifically pertaining to or considered as
relating to long-term effects, for primary review.
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Results

The total number of articles selected for review was 130,
with 34 deemed relevant or directly pertaining to long-term
effects following a COVID-19 infection and/or effects of the
COVID-19 pandemic in the pediatric population. In general,
inclusion/exclusion characteristics were not well defined, but
there were five recent studies containing “long” or “long
term” in their title.

Long-term symptoms and effects on physical health

Table 1 summarizes current studies in the literature focused
on the long physical symptoms of COVID-19 illness in the
pediatric population. To date, a few studies with limited
sample sizes, focusing on the non-hospitalized pediatric
population, found that frequently reported physical symp-
toms were reported on average 3—6 months after infection
including fatigue, muscle and joint pain, headache, insom-
nia, respiratory problems, palpitations, difficulty in concen-
tration, and sensory problems [20, 29-32]. Weight gain due
to lack of exercise and atopic dermatitis triggered potentially
by a lack of exposure to sunlight and the outdoors, have also
been reported [33].

From the many studies examining COVID-19 acute
symptoms, a few studies also reported on immunological
findings such as long-term viral shedding, or longer dura-
tion of viral particle expulsion through daily activities such
as talking, exhaling, and eating. Two retrospective studies,
one from the U.S. and one from China, both reported long-
term viral shedding [34, 35]. There are also many studies
regarding immunoglobulin G (IgG) levels and immunologi-
cal responses following COVID-19 infection. For example,
one cross-sectional study found that the SARS-CoV-2 IgG
rate was double in the children population compared to the
adult population [36]. Conversely, another study found simi-
lar antibody rates across all age groups [37].

Long-term effects on mental health

Studies pertaining to the long-term effects on mental health
are included in Table 2. The most common mental health
issues reported in the pediatric population throughout the
COVID-19 pandemic were anxiety and depression, and
these were only reported in papers looking at the COVID-19
pediatric patient groups [39, 40]. From two non-hospitalized
cross-sectional studies in China, one examined mental health
effects in primary schools and the other in junior and senior
high schools, with both studies reporting anxiety and depres-
sion during home confinement during the first few months
of 2020 [39, 40]. Conversely, a study in the U.S. examined

the experiences of children within households identifying as
Chinese—American. The authors found poorer mental health
statuses as associated with higher levels of perceived racial
discrimination [26].

The daily moods of children were more frequently
reported as negative during the pandemic as compared to
before [24]. However, children that engaged in more physi-
cal activity during the pandemic reported less states of anxi-
ety [21, 41]. A non-hospitalized, cross-sectional study in the
Netherlands found significantly worse Patient-Reported Out-
come Measure Information System (PROMIS) T-scores on
all domains, when comparing data from 2017 to 2018 to data
collected during April and May 2020 [28]. Mental health
effects associated with the COVID-19 pandemic included
depressive symptoms, severe anxiety, and patient-specific
mental and social health complaints [28].

Long-term effects on social and behavioral health

Studies pertaining to the long-term effects on social and
behavioral health are included in Table 3. For hospitalized
neonates, the only long-term effects on behavioral health
reported by parents were feeding, such as difficulties with or
refusal to feed [23]. For older children, behavioral symptoms
reported included clinginess, distraction, irritability, and fear
of asking questions about the epidemic [22]. Other findings
related to mood and emotional status included increases in
being affectionate, restless, and frustrated [27]. The behav-
ioral health of non-hospitalized children with COVID-19
had been reported by parents to have been worsening as the
pandemic was progressing [42].

In addition, a study among adolescents aged 8—18 years
in the Netherlands has reported significant worse PROMIS
T-scores on all domains including peer relationships, anger,
sleep-related impairment, poor global health, social health
complaints, effect on atmosphere at home, and negative
impacts of the COVID-19 regulations on daily life [28].

Long-term effects on academics/child care

Although long-term effects on academic performance and
learning outcomes from COVID-19 pandemic were not
found in this review, a previous research suggested long-
term follow-up and care of survivors from natural disaster is
essential [13]. The majority of articles regarding effects on
school/childcare in general, focused primarily on changes in
the organizational environment (i.e., in-person, virtual) and
differences in COVID-19 infection rates. The locality, set-
ting, duration, and stage of the pandemic that the study was
conducted, were all limiting factors when comparing and
contrasting the studies. For example, for childcare programs,
it was suggested that findings should only be interpreted
within the context of transmission rates and the infection
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Table 1 (continued)

SARS-CoV-2 infection

confirmation

Number of

Control group

Setting Time frame Long symptoms

Age group

Authors and date

participants

1355

SARS-CoV-2 antibody

The most frequently reported  Population-

55 randomly selected ~ Prospective cohort

Children with median
ageof 11 y IQR

9-13)

Radtke et al., July

testing

based seron-

symptoms lasting more than
12 wk among seropositive
children were tiredness
(3/109, 3%), difficulty

(October and

schools in the canton
of Zurich in Swit-

zerland

15th, 2021 [30]

egative group

November 2020 to
March and April

2021)

concentrating (2/109, 2%),

and increased need for sleep

(2/109, 2%)
Persistent symptoms among

RT-PCR

518

None

Prospective cohort

Z.A. Bashlyaeva

y

Children <18

Osmanov et al. July,

which fatigue (53, 10.7%),

study (April 2nd,

Children's Municipal
Clinical Hospital

2021 [31]

sleep disturbance (36, 6.9%)
and sensory problems (29,

5.6%) were the most com-

mon

2020 to August 26th,

2020)

(Moscow, Russia)

RT-PCR reverse transcription-polymerase chain reaction, SARS-CoV-2 severe acute respiratory syndrome coronavirus 2, COVID-19 coronavirus disease 2019, IgG immunoglobulin G, IQR

interquartile range

mitigation efforts implemented by each program [43].
Throughout 2020, parents reported loss of child care along-
side worsening parental mental health and child behavioral
health [25]. In schools, there was an increase in the lack of
access to technology and internet [44]. There was also an
important precedence for developing school reopening plans
to protect students who are most vulnerable to learning loss
or reduced access to basic needs [44].

Other studies found varying associations in transmission
rates among school setting/delivery while some took into
account trends before and after school re-openings. A Florida
county-level study found a 1.2-fold increase in COVID-19
infection rates among elementary schools, 1.3 in high schools
and no effect for virtual learning, after school re-openings [45].
Conversely, a national study in Italy 1 month after school re-
openings found low transmission in schools, mainly among
younger students [46]. A U.S. state-level study found an
increased prevalence of COVID-19 in adolescents and youth
compared to adults in the summer of 2020 [25].

Long-term effects on quality-of-life and social
determinants of health

Studies pertaining to long-term effects on quality-of-life and
the social determinants of health were not outlined in a table,
as these outcomes relate more to parents and changes in
environmental settings. Many articles focused on examining
quality-of-life issues such as nutrition, home environment,
overall well-being, daily moods, and mental/emotional atti-
tudes toward the pandemic and quarantine measures. They
also analyzed effects on social determinants of health such
as insurance status, healthcare needs, food insecurity, hous-
ing, income status, and caregiving burdens. These outcomes
were mostly measured from parental surveys and question-
naires completed by parents or caregivers. In a non-hospital
study, authors found an increase in food insecurity, nutrition
barriers, homelessness or use of temporary housing [44].
Similarly, another study found an increase in moderate to
severe food insecurity, alongside changes in insurance sta-
tus [25]. One parent survey found an increase in frequency
of parent-reported daily negative mood [24]. This article
also found that the parents’ and children’s well-being was
strongly associated with the number of reported hardships
[24]. Hardships included job loss, income loss, caregiving
burden, and illnesses.

Preliminary reports found similar findings in worsening
quality-of-life issues and increased health inequities among
social determinants of health. Parents experienced anxiety,
changes and limitations to healthcare access, and overall
“collateral” damage to their well-being as a result of eco-
nomic impacts and social isolation [47]. A cross-sectional
study on children and adolescents in the Netherlands found
an increase in mental and social health complaints during
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Table 2 Studies reporting long-term mental health outcomes

&

SARS-CoV-2 infec-
tion confirmation

Number of
participants

Control group

Symptoms (long), if any

Time frame

Setting

Age group

Authors and date

Springer

Not reported

7890

None

Anxiety and depression

Cross-sectional (March 30th to

Junior and senior high schools

Adolescents

Li et al., January 19th, 2021 [39]

April 7th, 2020)
Cross-sectional (February 28th

in Wuhan
2 primary schools in the Hubei

Not reported

1780

None

Anxiety and depression

Students grades 2—-6

Xie et al., September 1st, 2020

to March 5th, 2020)
Retrospective cohort (March

province
Households in the U.S. that self-

[40]
Cheah et al., November Ist,

Not reported

None 773

Higher levels of perceived racial

Parents, and children aged

discrimination were associated
with poorer mental health

14th to May 31st, 2020)

identified as Chinese

10-18 y

2020 [26]

Not reported

Increase in parental reporting of None 645

Prospective cohort (February

Large U.S. city

Parents of a child or children

Gassman-Pines et al., October

daily negative moods
Significantly worse PROMIS

20th to April 27th, 2020)

Cross-sectional

aged 2-7y

1st, 2020 [24]
Luijten et al., November 4th,

Not reported

884

None

Two Dutch representative

Children and adolescents aged

T-scores on all domains
Depressive symptoms, severe

Before COVID-19 (December

samples of children and ado-
lescents in the Netherlands

8-18y

2020 [28]

2017-July 2018) and during
the COVID-19 lockdown

(April/May 2020)
April 22nd to July 29th, 2020

anxiety, and mental and health

complaints

Not reported

65

None

Anxiety scores more than 5

Virtual visits during “stay-at-

Children aged 9-15 y

Alves et al., October 23rd, 2020

standard deviations greater
than values from healthy

home" measures in the U.S.

[21]

pediatric populations prior to

the pandemic

COVID-19 coronavirus disease 2019, PROMIS Patient-Reported Outcome Measure Information System

the lockdown with the majority reporting a negative impact
of COVID-19 on their life [28]. Families were concerned
about the COVID-19 pandemic and quarantine measures,
especially towards negative impacts on the economy [48].
These findings also raise concern regarding stability and
safety within the home environment. The pandemic’s impact
on child abuse and claims remains hidden, underscoring the
need for further research in this field [49].

Discussion

To the authors’ knowledge, this is one of the first scoping
reviews focused on the long physical, psychological, behav-
ioral, academic, and social consequences of COVID-19 dis-
ease and the pandemic in general in the pediatric popula-
tion. From November 2019 to September 2021, our search
found that out of approximately 130 publications, roughly 34
contained relevant information, and 5 specifically examined
“long-hauler symptoms” or long-term effects in the pediatric
population. One of the largest long-COVID-19 study was a
cross-sectional study from Italy examining long COVID-19
in a small sample (n=129) of children (<18 years), with
more than half of their patients reporting at least one long-
term symptom [20]. Our search findings were also consistent
with the systematic review by Ludvigsson et al., published
March 2021 in Sweden. The authors reviewed 179 publica-
tions, deemed 19 relevant, and did not find any containing
information on long COVID-19 in children [38]. They also
included findings from their case report on five patients, who
all presented with the primary persisting symptom of fatigue
6—8 months following a clinical COVID-19 diagnosis [38].

As of March 2021 and within the scope of our review
search parameters, one study has now been published
reporting physical long symptoms in children. While all
the common acute symptoms of COVID-19 such as fever,
cough, shortness of breath, chills, muscle pain, headache,
sore throat, and loss of taste or smell were reported in
the pediatric studies reviewed, the symptoms seen con-
sistently were fever and cough (our study investigated
the acute symptoms of fever and cough from COVID-19
among children, see Figs. 1 and 2). There were additional
respiratory symptoms reported across all pediatric popula-
tion groups, such as sputum production, along with gastro-
intestinal (e.g., diarrhea), cardiovascular (e.g., cyanosis),
and neurological (e.g., apnea) symptoms [11, 12, 16, 35,
50-61]. Symptoms that commonly persisted following a
normal infection recovery period included standard symp-
toms such as fever, cough, shortness of breath, muscle
pain, and a headache. Some additional physical long
symptoms observed in children were insomnia and heart
palpitations. The persistence of these symptoms could pos-
sibly be attributed to SARS-CoV-2 triggering an abnormal



155

World Journal of Pediatrics (2022) 18:149-159

W9)SAS UOTJBWLIOU] QINSEIA SWwoNN() partoday-1usned STWOYN ‘610 3SeISIP SIIIABUOIOD 6-TIAOD

potrad 61-ATAOD
-a1d a3 03 paredwod

swojdwAs pajrodar
Apuanbaiy 3sow oY)
a1om (%1°ZS) AJouo|
pue {(%7'%5) Jur1on|ar
‘(%81S) snoAIau
(%L°09) A[wey oy jo
1591 9U) Y)1m on3Ie 0}

120T ‘WLI

A1 “(%99) Q1qearin [1dy—120g ‘WoT [udy [zel 12oe
pantodar joN 60€1 JuoN “(%G°LL) pa1oq Sureg  AoAIns [BUONDIIS-SSOID) uepiof K 11-G seSe uaip[yD  Ang “[e 19 youweyey-1y
9JI] AJTep uo suon
-e[n3a1 61-AIAQD U
Jo joedwr oAnjeSou pue
‘owoy] Je a1aydsoune
uo 309y0 ‘syurerd
-wod Y)[eay [e1oos
‘yreay reqoys zood
‘uoutiredur pajeyor (0z0z LeN/TdY)
-dooys ‘103ue ‘sdiys umopo0[ 61-AIAOD
-uonear 10od :9s10Ay 9y} Surmp pue (870¢ SPUBLISYION
surewop [e A[np-/ 107 10quIa09(]) Q) UI SJUQOSI[OpE pue
Uo $31038-1, SINOdd 61-AIAOQD dI0jog  UAIP[IYO JO sajdures oAn K 81-8 pasde [82] 0z0T ‘W
paytodar JoN 38 QUON asiom Apueoyusig [euonoas-ssor)  -ejuasardor yojng om], SIUSISI[OPE PUB UIP[IYD)  JOQUISAON Te 310 ufing
Pa9J 0} [esnyaI 10
sqems )M SONNOLYIP :SAJeu (0202 ‘pug Aoy 01 sjuounredap Aoua3 [€2] 020T 951
[ea3ukreydoseu woij YDd 0OLI JuoN -oau pazifendsoy 10 (g0Z ‘PIE YoIeIA) Hoyo) -1ow ornerpad uerreyy /| K 81—( pa3e uaIp[y) IoquIaod( “Te 19 LIed
douraoid
IXUBBYS UI 950Y) A[[ed
orwepide oYy (0707 ATeniqaq Jo Yoom -y1oads “yeaiqino ay)
jnoqge suonsonb Juryse  puodss o) Jurnp 20Ul Suump euIy) ul seare
Jo Teoy pue ‘Kiqeitir - -Aoiq IXueeygs ur Apms Pa1”xJE-61-AIAOD [zel oot
payodar joN 0Zg QuoN  ‘uonoensip ‘ssourdur))  Areurwroid € Jo ma1ady  ur suonendod otneiped K §1—¢ pade uaIp[yd ‘pig udy ‘e 10 oeIf
Wreay (ozot K81 [szl ozoe
pajrodar joN 2101 QuUON [eI0TABYQq SUTUISIOA aunr) aAnoadsonay "S’(] UI SPIOYSSNOY ey} SSO[ paSe udIp[Iy) 98T 100 “Te 10 Yored
pajensniy (ocot
SIOW pUB ‘SSINSAI ‘pLz udy 01 og [l 0zoT ‘wel
pajodarjoN LTLT QUON  QIJOW ‘9JRUONIYJE AIOJA  YOJIRJA)) [BUONIIS-SSOID) Q[IYD Ul SP[OYIsnoy K G—1 paSe uaIp[IyD) Qo4 ’[e 10 Seure-Te[Iny
uonewIyuod  syuedronred
UOT)OQJUI Z-A0D-SYVS Jo roqunN dnoid jonuo)  Aue J1 ‘(Suop) swoydwAs QureIy QwIl], 3umyeg dnoi3 a8y 9Jep pue sIoyiny

swoydwAs [ero1aeyaq/[e100s uLe)-3uol Suniodar saipmis € ajqel

pringer

a's



156

World Journal of Pediatrics (2022) 18:149-159

Han et al., January 1st, 2021 [50]
Zachariah et al., October 1st, 2020 [51]
DeBiasi et al., May 13th, 2020 [52]
Mark et al., January 1st, 2021 [53
Xiong et al., September 1st, 2020 [54
Chao et al., August Ist, 2020 [55
Parri et al., December 1st, 2020 [23

]

]

]

]

Kainth et al., October 1st, 2020 [56]
Laws et al., January 1st, 2021 [57]
Wu et al., July 1st, 2020 [30]
Docherty et al., April, 2020 [58]

Overall

0.0

Fever

—e

0.4

—

0.6

Percentage [95% CI]

0.30 [0.21, 0.40]
0.80 [0.66, 0.90]
0.66 [0.58, 0.73]
0.73 [0.60, 0.83]
0.41 [0.34, 0.47]
0.61 [0.45, 0.75]
0.48 [0.41, 0.56]

— 0.86 [0.75, 0.93]

0.22[0.13, 0.34]
0.27[0.17, 0.39]
0.69 [0.68, 0.70]
0.53 [0.43, 0.63]
1.0 1.2 1.4

Fig. 1 Forest plot for the acute symptom of fever from COVID-19 illness among children as reported in various studies. COVID-19 coronavirus

disease 2019, CI confidence interval

Han et al., January 1st, 2021 [50]
Zachariah et al., October 1st, 2020 [51]
DeBiasi et al., May 13th, 2020 [52]
Mark et al., January 1st, 2021 [53]
Xiong et al., September 1st, 2020 [54]
Chao et al., August 1st, 2020 [55]

Parri et al., December 1st, 2020 [23]
Laws et al., January 1st, 2021 [57]

Wu et al., July Ist, 2020 [30]

Docherty et al., April, 2020 [58]

Overall

0.0

I e |

0.4

0.6

Percentage [95% CI]

0.41[0.31, 0.52]
0.46 [0.32, 0.61]
0.56 [0.48, 0.63]
0.37[0.25, 0.50]
0.62 [0.55, 0.69]
0.61 [0.45, 0.75]
0.43[0.35, 0.51]
0.19[0.11, 0.30]
0.32[0.22, 0.44]
0.70 [0.69, 0.71]
0.4 [0.34, 0.55]
1.0 1.2 1.4

Fig.2 Forest plot for the acute symptom of cough from COVID-19 illness among children as reported in various studies. COVID-19 coronavirus

disease 2019, CI confidence interval

@ Springer



World Journal of Pediatrics (2022) 18:149-159

157

immunological or inflammatory response in specific areas
of the body that express the ACE2 receptor [34, 35, 62].
The invasion and persistence of SARS-CoV-2 in the cen-
tral nervous system could also potentially be associated
with the occurrence of mental health issues such as anxiety
and depression, with further research needed to understand
the mechanisms of action [63, 64]. However, many long
symptoms and their etiologies may be subjective in nature
and, therefore, additional research is needed to investigate
the pathogenesis of long-COVID-19 symptoms across all
pediatric groups, including those clinically diagnosed with
MIS-C and PIMS-TS.

The majority of reviewed studies pertaining to the long-term
effects of COVID-19 in children focused on mental health,
social/behavioral health and environmental outcomes as a
result of quarantine and social distancing. The social impact of
COVID-19, primarily the mandated stay-at-home orders in 2020
and continued social distancing protocols into 2021, continues
to contribute a larger role in the maintenance of social/behav-
ioral health and mental health disorders, or at minimum, their
individual symptoms. Social interaction including familial and
peer relationships is integral to the development, growth and
learning environment of children. The physical and emotional
interactions with other individuals, both of their own age and
older, facilitates proper neural development, especially regarding
impulse control, mood regulation and academic development.
With the potential for physical symptoms to exacerbate psycho-
logical symptoms and all child age groups awaiting COVID-19
vaccine approval, further research is needed to determine the full
course of SARS-CoV-2 in the pediatric body and any persisting
long-hauler effects that could compromise quality of life, even
if mild in severity.

Conclusions

In contrast to earlier reports suggesting that the outcomes
or physical effects of COVID-19 in the pediatric population
were milder or less severe in comparison to the adult popula-
tion, the findings from this review indicate that a subgroup
of children are still at risk to develop more severe and long-
term presentation of symptoms, even more so for children
diagnosed with MIS-C, PIMS-TS and multiple organ system
failure. In addition, COVID-19 has had a moderate impact
on children and adolescents’ social environment, which may
exacerbate current and future physiological, psychological,
behavioral, and academic outcomes. The relative lack of evi-
dence evaluating the long-term effects of the recent COVID-
19 pandemic and infections on the pediatric population, sug-
gests the need for more prospective studies examining the
long-hauler effects of an initial infection, as compared to

retrospective/cross-sectional studies examining symptom
presentation. This review serves as a continuum in which
further research is needed to thoroughly investigate and
understand the complete effects, from acute to long-term,
that SARS-CoV-2 induces in the human body, especially for
the pediatric population.
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