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Long coronavirus disease (COVID), also known as postacute
sequelae of severe acute respiratory syndrome coronavirus
2 infection, has been defined as signs and symptoms which
persist for 4 weeks or even lasting for 6 months after the initial
infection. Although the prevalence of long COVID in children
is currently unknown, epidemiological investigations have re-
ported cases in pediatric populations. Clinical manifestations
of long COVID in children include respiratory symptoms,
such as cough and dyspnea, as well as neuropsychiatric and
general conditions, including fatigue, headache, and muscle
weakness. The pathophysiology of long COVID in children
is still being investigated, but potential mechanisms include
viral persistence, autoimmunity, and neuroinflammation. Risk
factors for long COVID in children are not yet well under-
stood, but studies have suggested that children with a history
of severe acute COVID-19 infection or comorbidities may be
at increased risk. Evaluation for respiratory symptoms of long
COVID in children is essential, including spirometry and imag:
ing studies to assess lung function and any potential damage.
Furthermore, long COVID in children has been associated with
a higher prevalence of mental health problems than in adults,
emphasizing the importance of monitoring and addressing
these aspects in pediatric patients. Although our understanding
of long COVID in children and adolescents is still evolving, it
is clear that the condition can have significant impacts on their
health and well-being. The aim of this review is to synthesize
the current knowledge on the prevalence, risk factors, and
pathophysiology of long COVID in children and adolescents,
and to discuss potential management strategies based on exist
ing evidence.
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Key message

- Current definitions of long coronavirus disease (COVID) in

children and adolescents vary in duration, ranging from 4 to

12 weeks or more.

- The clinical spectrum of long COVID in children and adole-
scents comprises a wide range of symptoms and might be a
multisystem disorder.

- Persistent health problems with a prevalence of 1%-66.5%
were reported in children and adolescents after COVID-19,
with a higher incidence of persistent single or multiple
symptoms.

Introduction

Long coronavirus disease (COVID) is a long-lasting condition
persisting for weeks or even months, affecting individuals
who had experienced or recovered from acute COVID 2019
(COVID-19).Y This condition, also known as postacute sequelae
of severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) or long-haul COVID, raised much concern as the ongoing
COVID-19 transmission and new variants emerge.”? Long
COVID encompasses clinical manifestations beyond the period
of acute infection that cannot be explained by an alternative
diagnosis. While COVID-19 was generally asymptomatic or mild
in children, greater susceptibility was presented to having long-
lasting consequences in health. Considering that COVID-19 and
related illness continues to exude major public health in children,
knowledge of long COVID in this population is essential to guide
in recognition and management.” Current data on long COVID
prevalence in children is inconsistent, varying from 0% to 27.0%
in different studies, and there is a lack of information in the
pediatric population.*” Moreover, there is a lack of consensus
regarding the definition of long COVID, including the type,
number, and duration of symptoms. Furthermore, while previous
literature has discussed the mental and neuropsychiatric aspects
of long COVID in children,'®'V) there is a paucity of studies
focusing on the respiratory aspects.

Therefore, our study aims to provide a comprehensive over-
view of long COVID in the pediatric population, including the
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Long COVID in Children and Adolescents

S

Clinical manifestations

- Respiratory symptoms

- Neuropsychiatric conditions
- General conditions

4-12 weeks .
*
Pathophysiology and mechanism
- Viral persistence
- - Autoimmunity ——

- Neuroinflammation

*
*
»
*
*

Persistent health problems reported in 1-66.5% of children/adolescents after COVID-19.

Graphic abstract. COVID-19, coronavirus disease 2019.

Table 1. Recognition of long COVID in Children by Health organizations

Organization Terms Duration of symptoms Criteria
National Institute of Health and Care Excellence’  Long COVID 4 Weeks or more After acute COVID-19
Persistence of symptoms

Center for Disease Control and Prevention'? Post COVID  Over 4 weeks After SARS-CoV-2 infection

condition Physical and mental health consequences present
World Health Organization® Post COVID ~ Minimum duration of 12 week History of confirmed SARS-CoV-2 infection

condition At least one persisting physical symptom
International Child Health Group and the Royal Long COVID At least 4-8 weeks After SARS-CoV-2 infection confirmation

College of Paediatrics and Child Health’”

lliness with symptoms lasting

COVID-19, coronavirus disease 19; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

prevalence, clinical manifestations, and management strategies,
to enhance our understanding of this condition. Additionally, we
will focus specifically on the epidemiology and management of
respiratory aspects of long COVID in children to better address
the health needs of this population.

Definition of long COVID in children

The severity of acute SARS-CoV-2 infection in children is
lower compared to the older population but children suffering
from persistent symptoms after SARS-CoV-2 infection are raising
concern. The Centers for Disease Control and Prevention defined
of long COVID as illness beyond 4 weeks after initial infection.'?
The World Health Organization defined long COVID as conti-
nuation or new onset of symptoms 2 months after the initial
SARS-CoV-2 infection, with no other explanation.'® The Na-
tional Institute for Health and Care Excellence recently identified
long COVID including postacute and post COVID-19, with
symptoms persisting for 4 to 12 weeks or for more than 12 weeks
after onset of acute symptoms.'” However, a definition for
children or adolescents has not yet been established (Table 1).

Several studies have investigated symptoms of long COVID
in children with persistent symptoms present 8-12 weeks after
COVID-19 diagnosis.>!>19 The symptoms might or might not be
related to the acute symptoms, but not present before infection.

Atleast one persisting physical symptom that cannot be explained
by an alternative diagnosis affects patients with this condition.
The symptoms may interfere with daily functioning, or wax and
wane over time.

The definition of long COVID in children is much less precisely
defined than in adults. Meanwhile, the true prevalence of long
COVID in children and adolescents is not well determined, with
studies ongoing. According to previous literature and guidelines,
evaluating the presence of symptoms between 4 and 12 weeks
after the acute COVID-19 infection is suggested appropriate.
Children and adults are differently affected by the COVID-19
pandemic. Short-term complications were less severe in children,
while long-term ones were worse such as impairing mental and
physical activity, and daily well-being.!” Thus, the impact of long-
time imbalances related to COVID-19 affecting the pediatric
population should not be underestimated.'® The estimated
incidence of children reporting COVID-related symptoms varies
widely, mostly including symptoms such as fatigue, dyspnea,
concentration difficulties, and headaches.'$1)

Estimation prevalence of long COVID
The earliest description of Long COVID was 5 children with

Long COVID in Sweden. All 5 experienced mild symptoms
during COVID-19 but suffered from persistent symptoms for
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6-8 months after the infection.”**") A longitudinal cohort study in
Swiss consisting of children with serology results conducted from
October or November 2020 (Ciao Corona) reported that 4%
of the seropositive children and 2% of the seronegative children
reported any symptoms lasting beyond 12 weeks.?? Another
study in Italy examining children at 60 days from COVID-19
diagnosis from March to November 2020, evidenced symptoms
present in 42.6% of the cases, and the most common symptom
was insomnia followed by respiratory symptoms.” In January
2021, the Office for National Statistics (ONS) of England
estimated that 129%-15% of children had symptoms at 5 weeks,
and 11.79% at 12 weeks after COVID-19 diagnosis, suggesting
long COVID.?® Recent studies that examined children at 4 weeks
from COVID-19 diagnosis estimated symptoms present in 4%—
9% of the cases,*****> showing lower prevalence. The ONS
soon updated the prevalence of long COVID in April 2021,
estimating approximately 79%0-8% of COVID-19 pediatric cases.
Meanwhile, the estimated prevalence of long COVID have been
widely variable among studies, reporting significantly higher
prevalence rates of long COVID. A report from a retrospective
cohort study during the month of July 2020 in Latvia identified
that 30% reported persistent symptoms after COVID-19 reco-
very.2® A prospective cohort study of children hospitalized with
COVID-19 diagnosis between 2 April 2020 and 26 August
2020 diagnosed long COVID in 24.3% of the children assessed
at 12weeks and common symptoms present included fatigue
(10.7%) and sleep disturbances (6%0).2” These discrepancies
of these results may be attributed to analyses performed using
pediatric long COVID definitions that are not yet drawn."
While the real-world prevalence remains uncertain and studies

were also different in design, populations, follow-up durations,
and methodology, emerging data suggest that there was an
increase in health burden in children related to long COVID.
The main findings of recently published epidemiological studies
that examined the health burdens experienced by children after
COVID-19 are presented in Table 2. The CLoCk Study,*® a
large national study consisting of SARS-CoV-2 positive children
between September 2020 and March 2021 in England, estimated
that 66.5% of SARS-CoV-2 test positives and 53.3% of test
negatives had at least one symptom at 3 months after SARS-
CoV-2 testing suggesting long COVID. Among these children,
30.3% and 16.2% had 3 or more symptoms, respectively. In
Denmark, epidemiological analyses (conducted on COVID-19
diagnosed children between January 2020 and July 2021
(LongCOVIDKIidsDK), estimated that 61.9% of SARS-CoV-2
test positives and 57.0% of test negatives had at least one
symptom at 2 months after SARS-CoV-2 testing. Participants in
the case group reported better quality of life scores compared to
the control group; however, they also reported a higher number
of sick days and school absences. These studies reported that
participants with SARS-CoV-2 test positives had more long-
term symptoms with more burden of illness, while participants
in the control group had more short-term symptoms and worse
quality of life.">??) According to the estimates calculated by this
cohort, 36.4%, 34.0%, 42.1%, and 45.2% of SARS-CoV-2 test
positives aged 0-3,4-11, 12-14, and 15-18 years had symptoms
821215 weeks after SARS-CoV-2 infection, respectively. Based
on a large retrospective study which includes a matched control
group, found that more than half of the children experienced
long-term mental health consequences after COVID-19. These

Table 2. Epidemiologic studies of health burdens after COVID-19 in children

Author/country/ . cOVID-19 Follow-up o :

. Study period  confirmed cases ) Main findings of persistent symptoms related to COVID 19
published year period
(controls)

Kikkenborg et al,’  January 2020~ 2,997 (21,640) 2Months At least one symptom lasting more than 2 months in 61.9% in the case
Denmark, 2022 July 2021 group (vs. 57.0% in the control group) Odds ratio 1.22 (95% Cl, 1.15-1.30).
(LongCOVIDKidsDK) COVID-19 cases had longer-lasting symptoms and sick leave, while controls

had shorter-lasting symptoms and poorer quality of life.

Stephenson et al.*®  January 2021~ 3,065 (3,739) 3Months  Any symptoms observed in 66.5% (vs. 53.3%in the control group); Multiple
UK, 2022 (CLoCk) March 2021 symptoms observed in 30.3% (vs. 16.2% in the control group).

Risk ratio of having multiple symptoms versus very low prevalence of most
physical symptoms comparing those who tested positive to those who
tested negative was 1.53 (95% Cl, 1.35-1.70)

Borch et al.*? January 2020- 15,041 (15,080) >4 Weeks  Long COVID symptoms observed in 15%-38%

Denmark, 2022 March 2021 Children aged 6-17 years in the case group reported symptoms more
frequently than the control group, percent difference 0.8%).

Concentration difficulties, headache, muscle/joint pain, cough, nausea,
diarrhea, and fever observed more frequently in controls.

Roessler et al, > January 2019- 11,950 (11,950) 3 Months Incidence rate ratios for all health outcomes in cases compared to the
Germany, 2022 December control cohort: 1.30 (95% Cl, 1.25-1.35).

2020 Medical conditions documented by a physician; Incidence rates per 1,000
person-years were significantly higher in 10 health outcomes charac-
terized by diagnosis/symptom complexes in the COVID-19 cohort

Magnusson et al.,®”  August 2020- 706,885 (275,859) 1-6 Months The increase in primary care visits after 1-3 months was primarily due to
Norway, 2022 February respiratory and general or unspecified conditions.

2021 Minor increase in primary care use for up to 6 months in 1-5 years children.

COVID-19, coronavirus disease 19; Cl, confidence interval.
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consequences were significantly higher than those seen in the
control group, and persisted even after 12 months.>? Another
nationwide study that utilized register data from Norway and
investigated 1.3 million children and adolescents, there was an
increase in primary care utilization following COVID-19 infec
tion, particularly for respiratory complaints and general or non-
specific conditions. This increase was most common within 4
weeks of infection but persisted for up to 6 months in children
aged 1-5 years.’!

Measures of long COVID were limited to self-reported ques
tionnaires, not clinically confirmed or validated.”?22%2732 A
meta-analysis conducted on studies up to July 2021 has inves-
tigated the prevalence, risk factors, types, and duration of long
COVID symptoms in children.3¥ However, there is a need for
reliable studies that compare the consequences of COVID-19
to those of other viral infections* in order to draw specific con-
clusions. Furthermore, the virus variants at the time of infection
might affect the patterns of long-lasting symptoms, and also
should be considered.

Clinical manifestations of long COVID in
children

The clinical symptoms of long COVID in children varies, with
one or more system involved (Table 3). As mentioned above,
symptoms first reported 4-12 weeks after the acute infection
are considered to be related to long COVID. The most common
complaints of these children were fatigue, dyspnea, heart palpi-
tations, and chest pain. The duration when children were assessed
after a SARS-CoV-2 infection varies by studies, ranging from
4weeks to 6 months,20:2433,35-37)

The most common complaints of the children first reported as
long COVID were fatigue, dyspnea, heart palpitations, and chest
pain, and subsequent studies have identified other symptoms
such as cough, headache, and myalgia, as well as neurocognitive
problems such as memory and concentration difficulties that
can affect their daily life. Prevalence and severity of long COVID
symptoms in children might differ within children by acute
COVID-19 symptoms and age. Long COVID symptoms are
more common in children with symptomatic or severe COVID-
19; however, they are also described in asymptomatic patients.>”)

1. Respiratory symptoms

Long-term respiratory symptoms after severe viral infection are
limited to COVID-19, and postviral syndrome has been noticed.
Despite that respiratory symptoms were not as frequent as in
long COVID in adults, it is clear that they are frequently reported
in children as well Previous studies have indicated that dyspnea
and cough are common symptoms in children who test positive
for SARS-CoV-2."%3%) In a recent prospective Cohort study con-
ducted in Australia with a 3- to 8-week follow-up period, half of
the symptomatic children experienced cough after being infected
with SARS-CoV-2.9 Additionally, the most commonly reported

persistent symptom in children with postacute sequelae of SARS-
CoV-2 infection, according to a nationwide study in England
(the CLoCk study), was sore throat.>> Overall, dyspnea (13.8%—
50%), cough (0.5%-5%), nasal symptoms (12.4%), sore throat
(5.7%-80%), and chest pain (1.4%-31.1%) were identified as
the commonly reported respiratory symptoms that lasted for an
extended period after COVID-19.

2. Neuropsychiatric and general conditions

Fatigue is one of the most common problems as in adults, and
one study reported that up to 87% children with suspected long
COVID suffered from this symptom.' Studies conducted against
children demonstrated that common complaints in school-
age children with long COVID were fatigue and headaches,
while younger children were more affected by respiratory pro-
blems.?**? Compared to adults, children were less likely to
complain long-term complaint after COVID-19 diagnosis.

Early reports of long COVID including a case series in children,
reported that COVID-19 suspected patients developed long-
term symptoms after acute infection, including fatigue, muscle
pain, headache, concentration difficulties, palpitation, cough,
and shortness of breath.®2% In 2020, a cohort study in Latvia that
investigated symptoms of 9 children with long COVID reported
that prolonged low-grade fever (22.22%), swollen lymph glands
(11.11%), joint pain (11.11%), headache (11.11%), anosmia
(11.119%), ageusia (11.11%), and microhaematuria (11.11%)
was observed when assessed 101 (standard deviation, 17)
days after the SARS-CoV-2 infection.?® A Swedish study that
assessed the persistent symptoms in 12 children 3 months after
hospitalization due to COVD-19, fatigue (66.67%) was the
most common symptom, followed by gastrointestinal (25%)
and respiratory symptoms (25%); which all resolved after 6
months.*) However, these studies of long COVID symptoms
depended on self- or parent-reported symptoms, limited with
restrictive measures, and absence of controls. Recently published
studies that compared COVID-19 confirmed cases with controls
showed higher rates of long-lasting symptoms, suggesting long
COVID.

In an England study that matched 1,734 long COVID children
with a same number of controls for age, sex, week of testing,
fatigue (84.49%0), headache (77.9%), and anosmia (77.9%) were
shown 28 days after COVID-19 illness. In this study, school-
age children and adolescents were more affected by mental and
neurological disorders than preschoolers and younger children.?”

Similarly, fatigue was the most common symptom in a Latvian
cross-sectional study that investigated persisting long COVID
symptoms after 73.5 days (interquartile range, 41-110 days),
with reported complaints 25.2%. Other neurocognitive sequelae
were markedly frequent, such as irritability (24.3%), mood
changes (23.3%), and headaches (16.9%).3")

Fatigue (17.9%), concentration troubles (11.3%), and head-
ache (9.1) and were also the most frequent symptoms in the
case group of the LongCOVIDKidsDK (the Long COVID Kids
Rapid Survey) study; a Danish survey investigating long COVID
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Table 3. The frequency of persistent symptoms in pediatric patients after COVID-19

Patients with

Reported conditions symptom (%)* References
1. Respiratory symptoms 41-25  Borch®! Miller®, Stephenson®!, Sterky“", Eitner’>
Dyspnea 13.8-50  Kikkenborg', Ashkenazi-Hoffnung'®, Brackel'?, Mizrahi’*"*
Cough 0550  Kikkenborg'™" Mizrahi’?", Say®¥ Roge®”, Katsuta®?
Nasal symptoms 12.4-16.1  Buonsenso®, Roge*?
Sore throat 57-80  Kikkenborg'" Molteni?”
Chest pain 1.4-31.1  Borch*®! Mizrahi”", Stephenson>", Kikkenborg'®!, Ashkenazi-Hoffnung'®
2. Neuropsychiatric conditions:
A. Neurological symptoms
Fatigue (tiredness) 0.7-71.1  Borch“®*, Stephenson*", Sterky*", Ashkenazi-Hoffnung'®, Brackel'®, Say®, Roge®,
Buonsenso”, Molteni?®, Osmanov?”, Radtke??, Katsuta®?, Eitner’®, Petersen’®
Headache 6.9-80 Brackel'®, Molteni?®, Smane?, Borch*?!, Stephenson®*!, Roge®”, Kikkenborg'®",
Ashkenazi-Hoffnung'®
Confusion 56-65  Zavala®!, Stephenson®!
Dizziness 3-89 Borch*?!, Stephenson®', Brackel'?, Kikkenborg'", Ashkenazi-Hoffnung'®
Memory loss 13-17.8  Brackel'?, Ashkenazi-Hoffnung'®
Brain fog 2 Brackel"?
B. Neurosensory symptoms
Anosmia (loss of smell) 1.1-84 Borch“?, Stephenson®', Sterky*", Molteni?®, Smane?®, Zavala®®!, Katsuta®?,
Petersen’®, Ashkenazi-Hoffnung'®
Ageusia (loss of taste) 10-16.7  Borch*?!, Sterky*", Ashkenazi-Hoffnung'®, Smane?, Katsuta®?, Petersen’®
Eye pain 2.8-59  Stephenson®*, Zavala®!
Ear pain 6.2 Stephenson®>*
Sensory problems (i.e., cold feet) 5.6-31 Osmanov?”, Eitner’?, Ashkenazi-Hoffnung'®
C. Psychiatric problems
Sadness 41 Zavala®¥t
Mood changes, swings 7.8-25  Roge® Sterky*" Zavala*!
Anxiety 7.8 Zavala®¥!
Difficulty sleeping (insomnia) 6.9-33.3  Ashkenazi-Hoffnung'®, Osmanov?”, Buonsenso®, Zavala*¥!
Increased need for sleep 2 Radtke?
Concentration difficulties 2-25 Sterky®”, Brackel'®, Buonsenso®, Radtke??
3. General extrarespiratory symptoms
Weight loss 2.0-189  Ashkenazi-Hoffnung'®, Brackel'®
Persistent fever 0.8-22.2  Brackel'?, Katsuta®®, Smane?
Chills 8.8 Stephenson®*!
Gastrointestinal symptoms 20.0-25  Sterky“™ Ashkenazi-Hoffnung'®, Brackel'®
Stomach ache 33 Brackel"
Arthralgia 14.4 Ashkenazi-Hoffnung'®
Myalgia 5.4-28 Stephenson®®"', Ashkenazi-Hoffnung'®, Brackel'?, Mizrahi’"*
Unspecified pain 9 Eitner”
Muscle weakness 2.4-16 Borch®?, Miller?”, Eitner”, Mizrahi’*
Skin irritation/lesions 16-7 Stephenson®*"', Brackel'®
Loss of appetite 2 Brackel"
Vasomotor complaints 144 Ashkenazi-Hoffnung'®
Admitted to the hospital (due to long COVID) 18 Brackel"
Microhaematuria 1.1 Smane?
Palpitations 9.3-18 Kikkenborg'® Brackel'

COVID-19, Coronavirus disease 2019.

*Cases (%) of persistent symptoms/cases diagnosed as COVID-19. 'Common persistent symptoms that were significantly different between cases and

controls mentioned only.

in children.">*? Results in line were reported in a controlled
study investigating mental and physical health among English
adolescents with long COVID (The CLoCk study). In this study,
headache (39%) and tiredness (23%) were significantly reported

in longCOVID cases after 2 months after testing positive for
SARS-CoV-2, while differences in mental health and well-being
scores were insignificant.

Another English study that used a national data, 9 symptoms
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were higher among the children after recovery from symptomatic
SARS-CoV-2 infection. The significantly prevalent symptoms
were: difficulty sleeping (8.8%), mood swings (7.8%), anxiety
(7.8%), sadness (6.9%), confusion (5.6%), depression (4.1%),
ageusia (5.3%), and anosmia (6.9%), and eye pain (2.8%). No-
tably, mental health problems were prevalent among all children
in this study, despite negative test results, which implies the effect
of the COVID-19 pandemic on the mental health of children.*

Additional research is needed to determine whether the afore-
mentioned long COVID symptoms observed in children are
attributed to the viral infection itself or to the absence of social
support resulting from school closures and lockdowns.

Pathophysiology and mechanism of long
COVID in children

Studies provided clinical evidence that long COVID in children
is pathological; however, the mechanism of this condition re-
mains unclear. Long COVID's pathophysiology can be attributed
to several factors, such as acute organ damage during the infection
phase, lengthy organ recovery time, persistence of chronic inflam-
mation, the nonspecific effects of hospitalization, sequelae of
critical illness, postintensive care syndrome, complications arising
from comorbidities, or adverse medication effects. The factor of
chronic inflammation, which can lead to persistent symptoms in
long COVID, can be explained as follows.

1. Viral persistence

Persistent reservoirs of the virus in tissue or the persistence
of viral genetic material as previously documented is one of the
potential mechanisms underlying long COVID.* Possibility of
viral persistence associated with long COVID symptoms even
after severalmonths of infection has been reported in longitudinal
studies.**) SARS-CoV-2 RNA can persist in nasopharyngeal
swabs for from 14 to 63 days after initial diagnosis.*” There have
been instances of extended gastrointestinal viral shedding in
COVID-19 patients detected in the feces for up to 3 months.*
Studies have documented that prolonged SARS-CoV-2 shedding
in children is longer in the gastrointestinal tract than in the
respiratory tract.*) Furthermore, it is supposed that SARS-CoV-
2 could be latent in the central nervous system (CNS)*” and
immune system tissue or cell’” These studies estimated that
SARS-CoV-2 persistence might last up to even months in the
body is possible, which may induce immunopathy contributing
tolong COVID.>?

2, Autoimmunity

Immunologic response to SARS-CoV-2 has been suggested to
play a key role, possibility resulting in organ damage and long-
lasting pathological sequelae. Previous studies have documented
development of rare and uncommon autoantibodies after that
SARS-CoV-2 infection. These autoantibodies directed against
the angiotensin type 1 receptor possibly dysregulate the renin-

aldosterone-angiotensin system such as in severe bronchiolitis.’?

Other autoantibodies such as the type 1 interferons are possibility
linked with the prolonged symptoms after COVID-19.5% Pro-
inflammatory activity and inflammatory processes by the SARS-
COV-2 protein damaging the lung, brain, and heart tissue result-
ing in long COVID sequelae has been addressed.>?

3. Neuroinflammation

Recent evidence suggests that transient receptor potential
(TRP) channels may play a role in the neuroinflammation asso-
ciated with long COVID.*® These channels are responsible for
detecting various stimuli (including pain, temperature, inflam-
mation, and taste) and controlling sensory processes like cough
reflex, airflow, and mucus production.’® In addition, they are
found in different tissues throughout the body, including the
central and peripheral nervous systems, the respiratory system,
the gastrointestinal tract, the cardiovascular system, and the
skin.’” SARs-CoV-2 virus can upregulate TRP channels, either
by direct activation or through immune responses, thus promote
the release of proinflammatory cytokines and chemokines, lead-
ing to an inflammatory response.’>-*® Spices which were their
agonists and desensitize TRPV1 or TRPAL1 in afferent neurons,
can improve respiratory symptoms in patients within 1 to 2 min-
utes. Furthermore, gabapentin neuromodulators are effective
in patients with chronic cough by blocking subtypes of TRP
channels.>)

Bradykinin, a proinflammatory peptide, is thought to contri-
bute to neuroinflammation in long COVID by increasing vascular
permeability and stimulating the release of proinflammatory
cytokines and chemokines.*® The mucosal ACE2 receptor plays
a crucial role in regulating the metabolism of bradykinin. When
SARS-CoV-2 viruses bind to ACE2 receptors, it can result in
a decrease in ACE2 expression and an increase in bradykinin
levels.®? The inflammation response can activate bronchopul-
monary C fibers in the vagus nerve, leading to peripheral cough
hypersensitivity.°" In addition, bradykinin may also induce gas-
trointestinal symptoms such as nausea, vomiting, diarrhea, and
abdominal pain by affecting the gut mucosa in a similar proin-
flammatory way.>® The disruption of the blood-brain barrier
due to inflammation can also lead to neuronal damage and
dysfunction in the CNS.

Last, it has been suggested that SARs-CoV-2 can affect the
brainstem, either through direct penetration into the CNS or
through an inflammatory/immune response.®” SARs-CoV-2 is
a neurotropic virus, and the brainstem has a relatively high ex-
pression of ACE2 receptors and neuropilin-1, which the virus
can use to infect cells. Autopsy studies have found evidence of
SARs-CoV-2 in the olfactory nerves and brainstem's medulla in
deceased COVID-19 patients.®® In addition, SARs-CoV-2 can
induce neuroinflammation by activating microglia and astrocytes,
as well as leukocyte infiltration. Other autopsy studies have also
identified pronounced neurodegeneration in the brainstem,
possibly due to a pathological immune response or SARs-CoV-2
invasion of the brainstem.®” As the brain stem plays a crucial
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Table 4. Possible risk factors in pediatric patients after COVID-19

Risk factors

Female sex

Age (older groups of children)

Symptoms recorded before COVID-19
Socioeconomic status (e.g., social isolation)

Severe COVID-19 (e.g., hospital admission required)
Comorbidity (e.g., allergy, neuropsychiatric problems)
COVID-19, Coronavirus disease 2019,

role in regulating various body function, including respiratory,
cardiovascular, gastrointestinal, and neurological system, persi-
stent brain stem dysfunction has associations with a range of
symptoms and conditions in long COVID.*

Itis important to note that the mechanism is still being discussed
and more research is needed to have a better understanding of the
underlying causes of long COVID in children.

Risk factors for long COVID in children

Risk factors for long COVID in children may comprise age,
sex, multiple and severe symptoms during acute illness, as well
as preexisting psychiatric and allergic disorders (Table 4). None-
theless, further research is needed to establish such risk factors
in pediatric population. Some studies suggest that older age is a
risk factor for long COVID symptoms in children, while other
studies reported conflicting results. For example, a population-
based study in Norway found that younger children (1-5 years)
experienced longer-lasting symptoms than older children (6-19
years).>" One study documented that children above 6 years of
age were at a higher risk of experiencing symptoms for more than
5 months,?” while another study reported that children over 12
years of age were more likely to have persistent symptoms for
at least 28 days.?> Nevertheless, several other studies have also
reported that older groups of children are more likely to have
severe or prolonged symptoms, indicating that age is a meaningful
factor, 18:2435.38.39)

Multiple studies have identified female sex as a risk factor for
long COVID in both children, as in adults.>**> Interestingly, in
the first published case series of 5 children with long COVID,
4 were female.””) Females were more likely to complain long-
lasting symptoms at follow-up, irrespective of their COVID-19
status.!3? However, in some studies, no difference in risk was
observed between males and females.3*® Hence, additional
studies are needed to clarify the risks by sex in children.

Long COVID symptoms were also shown to be more frequent
among patients with and severe disease and allergic comorbidity
at the time of acute infection.*?”) Underlying physical and mental
problems has also been described as a possible risk factor.>® Some
studies noted that the severity and duration during acute infection
were related with long COVID symptoms,”’® although evidence
is insufficient.

Management of long COVID in children

1. Follow-up and monitoring

Long COVID poses burden on children and public health.
Thus, caregivers and children should be educated about the
condition beyond the acute phase, even if they were asympto-
matic at the time of COVID-19 diagnosis. To date, there are
no standardized questionnaires for the pediatric population to
diagnose and monitor long COVID in children unlike in adults
and elderly.?® Detailed history and physical examination help
with the diagnosis in children after SARS-CoV-2 infection.
Symptom based investigations may be sufficient for most child-
ren with long COVID, and only a minority require further
evaluation. Management of children with long COVID requires
a comprehensive approach that takes into account their clinical
history and examination, with symptom control and psycholo-
gical support.'?

Long COVID in children may be broadly placed into differ-
ent categories upon the predominant persistent manifested
symptom: (1) respiratory symptoms (e.g., shortness of breath,
sore throat, cough and anosmia), (2) neuropsychiatric conditions
including mental, neurological problems (e.g., fatigue, headache,
and brain fog), and (3) general extrarespiratory symptoms. Cate-
gorization of symptoms according to the involved systems helps
to identifying the etiology. Peculiarly, new onset symptoms in
children after recovery from COVID-19 should be properly
addressed to rule out life threatening complications such as
Multisystem Inflammatory Syndrome in Children, as highlighted
in recent studies (Fig. 1).*” Considering the possible clinical
scenario, therapeutic strategies using biomarkers of inflammation
and tissue injury might be necessary to distinguishing this con-
dition.®®)

In addition, we should be aware that lockdown, school clo-
sures, limitations of seeing friends and even families due to the
pandemic brings emotional distress to children and adolescents.
Predisposed children or children with mental health problem
might suffer from social isolation during the pandemic. We
should not mistake children suffering from mental health pro-
blem during the pandemic for long COVID.

2, Evaluation for respiratory symptoms of long COVID

There is no standardized set of tests for persistent respiratory
symptoms in children with long COVID suitable for everyone.
However, in order to rule out other conditions or to avoid missing
the patient's serious condition, holistic and person-centered work-
ups must be performed (Fig. 1).

In a primary care, physical examinations in accordance with
the clinical history should be conducted to assess their breathing,
as well as check for any other signs of respiratory distress. Fur-
thermore, despite blood tests which include a full blood count,
kidney, liver and thyroid function tests, inflammation markers,
N-terminal pro B-type natriuretic peptide (NT-BNP) or BND,
and glycosylated hemoglobin might be suggested when an alter-
native diagnosis is suspected, these should be guided by the
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‘$‘ | COVID-191n children |
|

[
‘ Persistent or relapse symptoms ‘

‘ Long COVID | ‘ MisS-C ‘
Mild symptoms Severe serious condition
4-12weeks 2-6weeks

Respiratory symptoms
Neuropsychiatric conditions
General extra-respiratory symptoms

High, acute onset fever
Gastrointestinal symptoms
Shock syndrome
Cardiac dysfunction

Primary care

High-level hospitals

- Physical examinations and clinical

history

- Check signs of respiratory distress

- Chest x-ray

- Full blood count, kidney, liver and

thyroid function tests
- Inflammation markers

- N-terminal pro B-type natriuretic

peptide (NT-BNP) or BNP, and
HbA1c
- Asit-to-stand test

Respiratory symptoms

- Lung function test

- Chest imaging: High-resolution computed
tomography scan or computed
tomography pulmonary angiography

- Ventilation perfusion (VQ) scintigraphy

- Lung SPECT

Neuropsychiatric conditions

- Electroencephalography

- Brain MRI, brain SPECT

Other tests for differential diagnosis

- Additional blood tests (D-dimer and troponin)

- Cardiac, abdominal investigation

- Exercise tolerance test

Fig. 1. Approach to children with persistent symptoms after COVID-19. COVID-19,
coronavirus disease 2019; MIS-C, multisystem inflammatory syndrome in children;
MRI, magnetic resonance imaging; SPECT, single-photon emission computed

tomography.

person’s symptoms and used to supplement a detailed holistic
assessment. A chest x-ray might be considered, but should be used
for a holistic evaluation of further treatment as it is not a good
indicator of improvement. A sit-to-stand test has been proposed
to assess physical functions that are affected by muscle strength,
endurance, and balance. However, clinical judgement would
be needed because it is not suitable for whom with chest pain or
severe fatigue.

In high-level hospitals, additional blood tests, such as d-dimer
and troponin, and an exercise tolerance test were considered. In
addition, lung function test,’” cardiac investigation and further
chest imaging using a high-resolution computed tomography
scan or computed tomography pulmonary angiography should
be considered as appropriate. Ventilation perfusion (VQ) scinti-
graphy and VQ single-photon emission computed tomography
help to screen for ongoing lung perfusion complications.”"

Conclusion

Long COVID is a substantial health issue that affects a large
proportion of children. It may result from various mechanisms,
such as immune responses, tissue damage due to persistent
viral reservoirs, and prompted lymphoproliferative responses.
Proper clinical evaluation is crucial to identify the etiology and
tailoring treatment. The management of affected children should
comprise symptom control and psychological support. While the
prognosis of these cases is generally good, monitoring of the long-
term outlook is necessary as this disease is still new. Therefore,
relevant guidelines for medical and psychological support for

affected children during the COVID-19 pandemic are necessary.
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