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Abstract Key words
Background: The World Health Organization (WHO) declared coro- COVID-19,
navirus disease (COVID-19) a pandemic in March 2020, following its children,

rapid global spread within a few months. This review reports the respiratory system,
clinical features, diagnostic findings, and extrapulmonary effects of corona virus,
COVID-19 in children. pediatric

Aims: To summarise the effects of COVID-19 on different body sys- S el

tems in children.

Material and methods: A comprehensive literature search was con-
ducted using PubMed, Cochrane, Science Direct and CINAHL da-
tabases. Studies published between December 2019 and April 2021
were included. Data from the selected studies were extracted by
the reviewers.

Results: The studies provided a thorough analysis of the effects
of COVID-19 on different body systems in children, providing an
updated overview. They examined how COVID-19 affects different
body systems in children, including musculoskeletal, cardiovas-
cular, renal, and psychological aspects, ultimately affecting their
quality of life.

Conclusions: Children generally have fewer symptoms, milder dis-
ease, better prognosis and lower mortality. This systematic review
highlights the importance of an integrated and multidisciplinary
approach to paediatric rehabilitation after COVID-19 infection.
Physiotherapists play a crucial role in this process by providing
specialised care and support to promote recovery and improve the
quality of life of children affected by the virus.
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Introduction

Coronavirus disease (COVID-19), with its global
transmission, has recently become a major pub-
lic health crisis [1]. The virus, named 2019nCoV by
the World Health Organization (WHO), was first
identified in a throat swab sample by the Chi-
nese Centre for Disease Control and Prevention
(CCDCQ) [2]. The virus is contagious and spread-
ing worldwide, and has been declared a pandemic
disease [3]. Laboratory-confirmed cases of COV-
ID-19 have been reported at a prevalence of 1 to
1.7% among children and adolescents in Asia, Eu-
rope and North America [4,5].

Children infected with this virus have mild symp-
toms, however 15-35% may be asymptomatic.6 A
recent study on the function of respiratory vi-
ruses, children are less susceptible to infection
with SARS-CoV-1 [6] The paediatric population is
less susceptible to this virus due to the scarcity
of SARS-CoV-2 angiotensin-converting enzyme
2 (ACE2) receptor in the respiratory tract in chil-
dren [7]. Recent research suggests that children
may be less susceptible to SARS-CoV-2 infection
due to the limited presence of the ACE2 receptor
in their respiratory tract [8].

In addition, studies have highlighted differences in
the expression of key receptors involved in SARS-
CoV-2 pathogenesis, ACE-2 and transmembrane
serine protease 2 (TMPRSS2), between adults and
children. Compared to adults, children have lower
levels of ACE-2 and/or TMPRSS2 in both the up-
per and lower airways, which may contribute to
the difference in disease outcome between the
two age groups. In general, children infected with
COVID-19 either have mild symptoms or remain
asymptomatic. However, infants are at higher
risk of severe disease, and SARS-CoV-2 infection
can lead to childhood multisystem inflammatory
syndrome (MIS-C) [9]. In children under 1 year of
age, dyspnoea was the most commonly reported
symptom. Although decreased respiratory ca-
pacity or a weak cough are typical risk factors in
young neuromuscular patients, the severity may
not be as pronounced as expected. Nevertheless,
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social distancing remains an important recom-
mendation for children with neuromuscular dis-
eases and their carers to minimise the risk of viral
transmission [10].

At the beginning of the pandemic in the early
2020s, the likelihood of children being affected
was minimal. However, with the novelty and emer-
gence of different strains of coronavirus, the like-
lihood of children being affected has increased.
Due to the short duration of the SARS-CoV-2 out-
break, limited scientific evidence is available on
various aspects of COVID-19, including childhood
affection. Scoping reviews are known to be valid
tools for mapping the available evidence, clarify-
ing the characteristics of the literature, organising
key concepts and their relationships, and thereby
analysing knowledge gaps. Therefore, this scoping
review provides a clear insight into various physi-
cal, psychological and behavioural effects in chil-
dren due to COVID-19.

Material and methods

Reporting guidelines

This scoping review followed the framework pub-
lished by Arksey and O'Malley in 2005. The re-
porting of this review followed the guidelines of
the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses extension for Scoping
Reviews (PRISMA-ScR) checklist.

Eligibility criteria

All studies published between 1 December 2019
and 30 April 2021 in PubMed, CINAHL, Cochrane
and Science Direct were included. Language was
limited to English only. Studies were screened
and selected based on predefined inclusion and
exclusion criteria. Articles including human stud-
ies, children under 18 years of age with COVID-19
were included. Studies included systematic re-
views, randomised controlled trials (RCTs), pilot
RCTs, cross-sectional studies, qualitative stud-
ies, interventional studies. Articles including an-



imal studies, case studies/case series, conference
proceedings, promotional articles were excluded
from the study.

Information sources

A comprehensive literature search was conducted
in PubMed, Cochrane, CINAHL and Science Di-
rect for the period between 1 December 2019 and
30 April 2021. Language was restricted to English
and relevant full-text articles were included.

Search strategy

The search strategy consisted of 3 terms. Words
such as 'Covid-19', 'SARS-CoV-2', '2019 novel coro-
navirus', 'children’, 'effects on children' were used
with truncation. Within each concept, terms were
combined with Booleans such as 'or' 'and' for a
more defined search.

Study selection

A total of 28,205 articles were identified from the
databases based on the inclusion and exclusion
criteria. The initial search strategy yielded a large
number of irrelevant studies. Data were screened
by reading titles and abstracts. Articles selected
for review were extracted by the first reviewer
and confirmed by other reviewers. The reviewers
then carefully examined the full text of the arti-
cles. Disagreements in decision making were dis-
cussed among the reviewers.

Table 1. Study inclusion criteria using PICO structure.

Data extraction

The studies used for data extraction were com-
piled in Microsoft Word. Title, author, year of
publication, study location, type of study, study
population, objectives, methodology and results
of the study were the headings under which the
data were organised.

Critical appraisal

The methodological quality was assessed using
the Oxman and Guyatt classification for review
studies. This assessment tool was suggested by
the Cochrane Handbook for systematic reviews.
The critical appraisal of included studies was as-
sessed to determine the reliability of the study.

Data analysis

A total of 12 studies were summarised and syn-
thesised in tabular form. This method helped to
describe COVID-19 in children and the manifes-
tations of COVID-19 in children. This analysis also
allowed to identify the current gaps in the liter-
ature regarding the effects of COVID-19 in chil-
dren, thus fulfilling the objective of the review
(Figure 1).

PICO

Inclusion

Exclusion

Population

Children of age below 18 years

Adults of age above 18 years.

Intervention

Children affected with COVID-19

Adults affected with COVID-19

Comparison

None

None

Outcome

None

None

Abbreviations: PICO - international stands for patient/population, intervention, comparison and outcomes.
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Comprehensive search of peer reviewed articles

l

Data bases used:
PubMed, CINAHL, ScienceDirect

Year of publication of articles:
2019-2021

Studies was selected first by reading title and abstract,
second by preparing document of selected studies

obtained by applying search strategies in data base

Figure 1. Flow chart of the study search.

A comprehensive search for peer-reviewed arti-
cles was conducted using PubMed, Science Di-
rect and CINAHL databases. Articles included in
this review were published from December 2019
to April 2021. All studies describing the effect of
COVID-19 in children were included in this re-
view. Language was restricted to English, taking
into account the cost and time of translation. The
following search terms were used: COVID-19 in
children, clinical manifestations in children with
COVID-19, neurological manifestations, gas-
trointestinal symptoms, respiratory effects in
children with COVID-19, extrapulmonary man-
ifestations, radiological findings. After applying
search strategies within databases, data were
collected by reading titles and abstracts. The in-
itial search of articles yielded a large number of
irrelevant studies, therefore inclusion and exclu-
sion criteria were developed. The reviewers care-
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fully screened the full-text articles. After study
selection, 12 articles were included, including 3
systematic reviews and meta-analyses, 3 system-
atic reviews, 2 observational studies, 1 systematic
review and cross-sectional study, 1 descriptive
analytical study, 1 qualitative study, 1 retrospec-
tive study. Studies were selected if they met the
inclusion and exclusion criteria.

Inclusion criteria

Articles including human studies, children un-
der 18 years of age with COVID-19 were included.
Studies included: systematic reviews, RCTs, pilot
RCTs, cross-sectional studies, qualitative studies,
interventional studies.

Exclusion criteria

Articles containing animal studies, case studies/
case series, conference proceedings and promo-
tional articles were excluded from the review.

Results

Of the 12 studies, three were systematic re-
views and meta-analyses with level Ia evidence,
three were systematic reviews with level III ev-
idence, two were observational studies with lev-
el II evidence, one was a systematic review and
cross-sectional study with level I evidence, one
was a descriptive analytical study and one was a
qualitative study with level V evidence, and one
was a retrospective study. Table 2 shows the
summary of studies in the scoping review.
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Discussion

A narrative synthesis of 12 studies was acquired
to identify available evidence and describe the
gaps in the literature. Findings from the current
scoping review report mild to moderate affec-
tion of multiple systems in children infected with
SARS-CoV-2. In many symptomatic cases, lung
ultrasound has shown signs of lung involvement
[19]. Children may serve as reservoirs of viral
transmission [20]. Pediatric patients with comor-
bidities having SARS-CoV-2 require more ICU ad-
missions. Childhood obesity is known to increase
the risk of severe infection [21].

Respiratory symptoms such as dyspnea, cyano-
sis, and Acute Respiratory Distress Syndrome
were evident approximately 8-10 days after the
onset of SARS-CoV-2 infection in children [22].
Mild cardiac changes were observed in children
affected with COVID-19, and children with multi-
system involvement had high mortality rates [23].
Neurological issues ranging from mild headaches
to severe stroke, seizures, and encephalopathies
were reported in children affected with COV-
ID-19 [24].

Gastrointestinal symptoms like diarrhea and
vomiting were most commonly observed in chil-
dren [25]. Leukopenia was apparent to be the
most significant abnormality of white blood cells
in children, while lymphocytosis was noted in
infants and neonates [26]. Children with COV-
ID-19 are at risk of liver dysfunction due to in-
creased levels of alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) biochem-
ical markers [27]. Children with mucocutaneous
manifestations were prone to be admitted to the
pediatric intensive care unit [28].

During the COVID-19 pandemic, the usual social
life of children has been distressed due to lock-
downs, which potentially triggered infuriating
and prolonged adverse mental consequences in
children [29]. Traumatic events such as home
confinement and social distancing resulted in the
activation of biological stress response systems
in children [30].
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Diagnostic findings

Radiographical findings helped in the diagnosis
of symptomatic or asymptomatic infection [34].
Asymptomatic infections showed lung abnormal-
ities leading to evidence of ground-glass opaci-
ty [34]. COVID-19 pneumonias in children were
detected through lung ultrasound. The findings
from lung ultrasound included the involvement of
vertical artifacts, areas of white lung, subpleural
consolidations, and pleural irregularities in chil-
dren with COVID-19 pneumonia [19]. The radio-
graphic finding of ground-glass opacities (48%)
was most common [35].

Analysis of inflammatory markers aids clini-
cians in the definitive assessment and diagnosis
of Multisystem Inflammatory Syndrome in Chil-
dren (MIS-C). Compared to non-severe COVID-19
patients, MIS-C patients exhibit lower absolute
lymphocyte counts and higher absolute neutro-
phil counts, C-reactive protein, and D-dimer lev-
els. When compared to severe COVID-19 patients,
MIS-C patients demonstrate lower lactate dehy-
drogenase and platelet counts, and higher eryth-
rocyte sedimentation rate levels. Severely affect-
ed MIS-C patients exhibit elevated levels of white
blood cells, absolute neutrophil counts, C-reac-
tive protein, D-dimer, and ferritin compared to
non-severe MIS-C patients. In MIS-C, younger
children (0-5 years) tend to have lower CRP and
ferritin levels than middle-aged/older children/
adolescents [36].

Identification of the virus and/or quantification
of viral load was done by RT-PCR for detection
of genetic material of SARS-CoV-2. High priority
specimens for SARS-CoV-2 were nasopharyngeal
swabs, and low priority specimens included oro-
pharyngeal swabs, bronchoalveolar lavage, tra-
cheal aspirates, and sputum [37].

Clinical presentation

The most common symptoms in children aged
<9 years were fever (46%), cough (37%), head-
ache (15%), diarrhoea (14%) and sore throat (13%).



In children aged 10-19 years, the most common
symptoms were headache (42%), cough (41%), fe-
ver (35%), muscle aches (30%), sore throat (29%),
shortness of breath (16%) and diarrhoea (14%).
Less common symptoms included rhinorrhoea,
nausea/vomiting, abdominal pain and anosmia.
According to Yasuhara J et al [9], dyspnoea was
the predominant symptom in the diagnosis of
COVID-19 in children under 1 year of age. In ad-
dition, children reported fever, cough, nasal con-
gestion, tachypnea, wheezing, fatigue, rhinor-
rhoea, sore throat and sputum production, with
headache thought to be the most common symp-
tom in 11-18 year olds.

Gastrointestinal manifestations

Gastrointestinal manifestations of SARS-CoV-2
infection have been most commonly reported in
paediatric patients [27]. SARS-CoV-2 is known to
be spread through faeces, especially when the
viral load in stool is higher [25]. Even after neg-
ative respiratory specimens, SARS-CoV-2 RNA
has been reported to be detectable in faeces for
1to 12 days [38]. The most common symptoms in
children were diarrhoea (2%-49.5%) and vomit-
ing (6.5%-66.7%) [25]. Gastrointestinal symptoms
are exacerbated by antibiotic-induced dysbiosis
of the gut microbiota [25]. ACE-2 is highly ex-
pressed in lung cells and enterocytes in the ile-
um and colon, as ACE-2 is essential for COVID-19
infected cells. The virus binds to ACE-2 to enter
lung cells and enterocytes. Due to differences in
ACE-2 activity and immunity, children and ado-
lescents may be less susceptible to SARS-CoV-2
infection [38].

Neurological manifestations

Children with COVID-19 present with a spec-
trum of neurological problems ranging from mild
symptoms such as headache and anosmia to se-
vere conditions such as stroke, seizures and en-
cephalopathy [24]. Neurological manifestations
result from a variety of causes, including direct
viral invasion of the nervous system, endotheli-
al injury and subsequent para- and post-infec-
tious inflammation. Viral infiltration may occur
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through the olfactory nerves, and endothelial
injury may lead to thrombotic events, facilitated
by ACE2 receptors interacting with SARS-CoV-2.
This interaction triggers pro-inflammatory and
pro-coagulant states leading to vasculitis and
disruption of vascular integrity. ACE-2 receptors
also regulate the sympathoadrenal system in the
central nervous system (CNS), affecting blood
pressure regulation. In addition, pulmonary or
systemic infections can induce cytokine release
leading to neurological complications [24]. Auto-
immune phenomena such as demyelinating dis-
eases and encephalopathy may be activated by
post-infectious inflammation caused by SARS-
CoV-2. In genetically predisposed individuals,
MIS-C may result from hyperinflammatory re-
sponses, with delayed type I and type III inter-
feron responses conferring a higher risk of devel-
oping cytokine storms and MIS-C. The immune
hyperactivity associated with MIS-C correlates
with elevated levels of inflammatory markers,
contributing to severe neurological sequelae [24].

Cardiac manifestations

The presence of SARS-CoV-2 has been associat-
ed with cardiac involvement, suggesting a pos-
sible mechanism involving viral replication and
spread from the respiratory tract through the
bloodstream and/or lymphatic system. Severe
respiratory damage and subsequent profound
hypoxia are known to induce oxidative stress,
endothelial dysfunction, microvascular injury
and myocardial damage due to increased myo-
cardial oxygen demand [39]. Children with MIS-C
had ventricular dysfunction with a prevalence of
35-100%, coronary artery dilation or aneurysms
with a prevalence of 6-24% and arrhythmias with
a prevalence of 7-60% [40]. ACE2 serves as a re-
ceptor for the entry of SARS-CoV-2 into cells and
is expressed not only in the lungs but also in the
heart and blood vessels. Binding of SARS-CoV-2
can lead to changes in ACE2 expression or dys-
regulation of the renin-angiotensin-aldosterone
system (RAAS) pathway. The skewed response of
type 1 and type 2 T-helper cells to viral invasion
can trigger an exaggerated inflammatory and



immune response, resulting in a cytokine storm.
The mechanism by which cytokines damage the
myocardium remains unclear [39]. Myocardial in-
volvement is a common manifestation in children
with multisystem inflammatory disease [41].

Elevated levels of inflammatory biomarkers such
as C-reactive protein, pro-calcitonin and ferritin
were found in most cases of Kawasaki disease,
and all of these biomarkers, together with inter-
leukin-6, were elevated in myocarditis [42, 43].
Common cardiovascular adverse effects such as
decreased cardiac output due to reduced venous
return to the right heart, right ventricular dys-
function and impaired left ventricular distensi-
bility occur with mechanical ventilation in crit-
ically ill children [44]. Exacerbated hypoxaemia
and impaired tissue perfusion occur in children
with COVID-19 associated with congenital heart
disease. Severe and critical COVID-19 disease is
likely to develop in children with CHD compli-
cated by depressed myocardial contractility, pul-
monary hypertension, immunodeficiencies (i.e.
DiGeorge syndrome) and other comorbid condi-
tions [43].

Hepatic manifestations

Hepatic involvement in children has a prevalence
of 11.5% to 25%, with higher levels of transami-
nases, alkaline phosphatase (ALP), gamma-gluta-
nyl transferase (GGT) and bilirubin (BR) [45]. The
cause of liver injury may be direct viral action, an
inflammatory response of the host immune sys-
tem, or drug administration secondary to anoth-
er organ failure [45]. Liver injury occurs as a re-
sult of a "cytokine storm", which is a hyperactive
host immune response resulting in an excessive
inflammatory response [45]. Mechanical ventila-
tion may cause liver injury because PEEP leads to
congestion of the hepatic sinusoids through in-
creased right atrial pressure & retrograde blood
flow into the hepatic veins. An evaluation of 46
neonates with COVID-19 by Liu and Coll. showed
that 45.5% of them had liver dysfunction with a
low mortality rate. Acute hepatitis with cholesta-
sis is induced by SARS-CoV2 and there is no ev-
idence of biliary obstruction. Glycyrrhizin acid

26

has been reported to have anti-inflammatory
properties for liver protection [45, 46]. Recent
studies have observed diarrhoea and vomiting in
approximately 8% to 20% of cases [47].

Respiratory manifestations

The prevalence of children affected by COV-
ID-19 was found to be 1-5% of the total number
of patients [48]. Expression of the primary target
receptor of SARS-CoV-2, ACE-2, decreases with
age. The ACE-2 receptor exerts lung protective
effects by limiting angiotensin-2-induced pul-
monary capillary leakage and inflammation. The
paediatric alveolar epithelium has a remarkable
potential for lung regeneration [49].

Renal manifestations

The outcomes of 52 paediatric patients (aged 0-16
years) with severe acute respiratory syndrome
coronavirus2 (SARS-CoV-2) hospitalised at Great
Ormond Street Hospital for Children NHS Foun-
dation Trust (London, UK) since 25 March 2020
were studied. Of 52 hospitalised children, 24 (46%)
had serum creatinine levels above the upper limit
of normal and 15 (29%) met BAPN diagnostic cri-
teria for acute kidney injury. It has been suggest-
ed that COVID-19-induced kidney injury may re-
sult from the binding of the virus spike (S) protein
to ACE2, which is located on the outer surface of
kidney cells, leading to the activation of angio-
tensin II. TMPRSS2, a serine 2 transmembrane
protease, facilitates this process by cleaving and
priming the S protein, allowing the release of vi-
ral fusion peptides and promoting membrane fu-
sion. The co-expression of ACE2 and TMPRSS2 is
thought to be critical for facilitating SARS-CoV-2
entry into host cells. Transcriptome analysis re-
vealed significant co-expression of ACE2 and
TMPRSS2 in podocytes and renal tubular cells.
This suggests that SARS-CoV-2 may directly af-
fect these renal cell types through viral invasion,
potentially causing cytopathic effects [50].

Other manifestations

Children presented with rash, macules, exanthe-
ma, erythema, periorbital erythema, and peri-



toneal or facial desquamation [27]. Quarantine
resulted in a variety of psychological distress,
neuropsychiatric manifestations and psychoso-
cial stigma. Home confinement had a significant
impact on children's psychosocial well-being due
to dramatic lifestyle changes, reduced physical
activity and limited mental stimulation [51].

Study limitations

The generalisability of the recommendations for
physiotherapists may be limited by the heteroge-
neity of the included studies. The review may have
included studies with different methodologies,
populations and healthcare settings, making it
difficult to develop universally applicable recom-
mendations that adequately address the diverse
needs of paediatric patients affected by COV-
ID-19.In addition, the scoping nature of the review
may have resulted in a broad overview of the ef-
fects of COVID-19 in children, potentially sacrific-
ing depth for breadth. As a result, certain nuanc-
es or specific aspects of paediatric rehabilitation
following COVID-19 infection may not have been
thoroughly explored or adequately addressed in
the recommendations for physiotherapists.

Conclusions

COVID-19 tends to affect children less frequent-
ly, with milder symptoms and less severe dis-
ease. Children with COVID-19 generally have a
favourable prognosis and lower mortality rates.
Based on the findings of the systematic review
of the impact of COVID-19 in children, it is rec-
ommended that physiotherapists remain vigi-
lant and proactive in their approach to paediatric
care. The review highlights the significant impact
of COVID-19 on various body systems in children,
including musculoskeletal, cardiovascular, res-
piratory, renal and psychological aspects. Phys-
iotherapists should prioritise the implementation
of evidence-based interventions tailored to the
specific needs of paediatric patients recovering
from COVID-19. This may include targeted reha-
bilitation exercises to improve musculoskeletal
function, cardiovascular and respiratory condi-
tioning programmes to improve cardiovascular
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health and fitness, and psychological support
to address any mental health challenges aris-
ing from the illness. In addition, physiothera-
pists should work closely with multidisciplinary
healthcare teams to ensure comprehensive and
holistic care for paediatric patients affected by
COVID-19. Regular monitoring of functional sta-
tus, symptom progression and overall well-being
is essential to guide the rehabilitation process
and optimise outcomes for children recovering
from COVID-19.
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