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Abstract
Introduction and Objective. COVID-19 caused by SARS-CoV 2 is a still serious danger. The disease which triggered off the 
COVID-19 pandemic and one of the biggest health crises in many years, began in the city of Wuhan, China, in 2019. The aim 
of this review is to distinguish most of the specific and non-specific manifestations of the disease among children.   
Review Methods. The literature review was based on different types of articles including reviews, meta-analyses, systemic 
reviews, and randomized controlled trials on PubMed, Web of Science, and Scopus databases. Key words featured COVID-19, 
MIS-C, SARS-CoV-2 manifestations, and specific, and non-specific manifestations of COVID-19. The literature search was 
performed until September 2023, and concerned only paediatric patients.   
Brief description of the state of knowledge. Research based on already published studies prevents the forming of firm 
conclusions. There are different symptoms of COVID-19 infection, some of them are typical, mild, and do not concern 
medical care units. There are also some non-specific manifestations, often related to multisystem inflammatory syndrome 
in children (MIS-C), which are more severe and sometimes demand involving intensive care units.   
Conclusions. A large group of infected children with asymptomatic or present mild symptoms of COVID-19. Non-
specific manifestations, such as cardiovascular, gastrointestinal, psychiatric, neurological, ophthalmic, dermatological, or 
rheumatological symptoms, can potentially be misleading and require more attention.
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INTRODUCTION

COVID-19 caused by SARS-CoV-2 is a still serious topic in 
medical care. The disease which triggered the COVID-19 
pandemic and one of the biggest health crises in many years, 
began in the city of Wuhan, China, in 2019. By January, 
the virus had spread all over China and in Februarythe 
first infections were observed in Europe [1]. SARS- CoV-
2, discovered in the 20th century, is a single-stranded 
positive-sense RNA virus classified as betacoronaviridae, 
and belongs to the subfamily of Coronavirinae [2]. Initially, 
Coronavirus was mainly virulent for wild animals although 
there were some reports about human infections [3]. The 
main symptoms to which the media played a great deal 
of attention are coughing, fever, lack of taste and smell, or 
dyspnea [4]. However, some other COVID-19 manifestations 
might be considered atypical. Among the most common oral 
manifestations of COVID-19, herpetiform lesions, aphthous-
like lesions, candidiasis, and oral lesions of Kawasaki-like 
disease can be distinguished [5]. Symptoms such as anorexia, 
diarrhea, nausea, or vomiting may be the most popular 
gastrointestinal manifestations of the disease; nonetheless, 

the appearance of more acute manifestations is possible, for 
example, bloody diarrhea [6]. There are also reports about 
some ocular manifestations of COVID-19. Conjunctival 
hyperaemia, conjunctival discharge, and epiphora are 
mentioned as the most prevalent ophthalmic symptoms 
of SARS-CoV-2 [7]. Even though the previously mentioned 
manifestations may not be considered an emergency, they 
might lead to multiple organ dysfunction.

As is well known, COVID-19 can be spread by many 
modes. Human-to-human transmission is possible by 
direct contact, droplet inhalation by sneezing or coughing, 
or even airborne [2, 8]. Every single contact with a fomite or 
belonging to an infected person may unfortunately lead to 
the sickness. [6] The virus is composed of 5 main structures: 
spike protein, membrane protein, E protein, nucleoprotein, 
and RNA [9]. Since the structure of SARS-CoV-2 includes 
spike proteins, it is possible to bind in the host cells via the 
receptor angiotensin-converting enzyme 2 (ACE2). ACE2 
receptor is localized on the surfaces of many human organs, 
such as kidneys, blood vessels, heart, and lungs [10–12].

OBJECTIVE

The aim of this narrative review was an in-depth assessment 
of the specific as well as non-specific manifestations 
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of COVID-19 in paediatric patients. The review was 
performed using the PubMed database in September 2023, 
using the following key words: COVID-19, MIS-C, SARS-
CoV-2 manifestations, and non-specific manifestations of 
COVID-19. Ultimately, the papers included reviews, meta-
analyses, systemic reviews, as well as randomized controlled 
trials. There were no restrictions regarding the year of the 
publication. The authors also chose only articles written in 
English.

TRANSMISSION ROUTES OF SARS-COV-2

Droplets and bodily fluids. Throughout the pandemic, wild 
statements were made about the possibility of droplets or 
other body fluid transmissions, because enormous quantities 
of droplets are released by coughing or sneezing. An exposed 
person is therefore in danger of infection [13]. Recently, it has 
been proven that COVID-19 patients who have dry cough or 
sneeze produce droplets of sizes between 0.6 – 100 μm. While 
speaking and breathing, asymptomatic patients might also 
produce and exhale huge amounts of blobs in size up to 1 
μm [14–16]. ACE2 receptors have expression in the intestine, 
testis, kidney, lung, liver, heart, brain, thyroid, bone marrow, 
blood vessels, urinary bladder, or adrenal glands. This is the 
point at which viruses invade organisms and may lead to 
life-threatening clinical symptoms [17, 18].

Airborne transmission. Turbulent airflow is caused, for 
example, by breathing, talking, sneezing or coughing. Humid 
and warm air prolong the lifetime of droplets from a fraction 
of a second to a fraction of a minute. A highly important 
issue is that the aerosol plumes are produced by coughing 
and sneezing at a speed fast enough to contaminate people 
nearby [14, 19, 20]. Numerous cases were reported with a 
high risk of COVID-19 infection on indoor surfaces such as 
homes or hospitals [21]. Extended exposure to polluted air 
as a result might cause potent COVID-19 forms [22].

Fomite transmission. An alternative source of contamination 
could be the gastrointestinal system. Medical studies 
presented a significant role of anal swabs in the COVID-19 
diagnosis process. After 2 weeks of testing negative by the 
nasopharyngeal swab test, the anal swabs were inherent 
SARS-CoV-2 [23]. The danger of virus transmission increases 
during lavatory sharing. It was believed that the SARS-CoV-2 
outbreak was brought on by inadequate lavatory airing, 
especially in apartments where toilet flushing transmits 
aerosols [24, 25]. Appropriate disinfection and scouring 
strategies have been suggested to cause the contamination 
to decrease. The transmission of microbes could occur 
while in contact with tainted surfaces which could cause 
the transfer of viable microbes to nasal, buccal, or ocular 
mucous membranes [26, 27].

Other routes of transmission. Another possible transfer 
form of COVID-19 is vertical transmission. Unfortunately, 
the virus can penetrate the placenta, cause vertical infection, 
and cause direct adverse effects on the foetus. However, 
such cases tend to be rare due to the low expression of 
ACE2 receptors on the placenta. As previously mentioned, 
ACE2 receptors are significantly important to SARS-CoV-2 
transmission [28–31].

Sexual SARS-CoV-2 transmission is also confirmed in 
some cases. Multiple organs have ACE2 receptors which 
enable viral infection. Sexual contact is not the only method 
of transmission and there are many different ways of 
propagating SARS-CoV-2. Kissing, caressing, and hugging 
may lead to airborne transmission during sex [32–34].

Transmission routes most common amongst children. 
Studies show that despite the majority of paediatric cases 
being classified as family clusters, children are not the 
major vector of SARS-CoV-2 infection in the community. 
Parents were the most frequent source of infection, whereas 
siblings constituted only 5 % of all cases. A huge role in the 
transmission of COVID-19 among children is played by 
schools. The risk of infection acquired in school, however, is 
lower than that in households. According to reports, 13% of 
all transmissions took place in the school [35–37].

CLINICAL MANIFESTATIONS DEPENDING ON THE AGE 
OF CHILDREN

Although the rate of incidence among children is not 
particularly high, there are some reports about children 
contracting COVID-19. The severity of the disease may be 
asymptomatic, mild, moderate, severe, or critical leading 
to death, but most children present mild or moderate 
symptoms. Referring to symptoms, the most commonly 
observed are cough, rhinorrhea, nasal congestion, tachypnea, 
and vomiting [38, 39] (Tab. 1).

SEVERITY OF COVID-19 AMONG CHILDREN

Diagnosis of paediatric patients. According to the current 
state of knowledge, Real-Time Polymerase Chain Reaction 
(RT-PCR) is the gold standard in diagnosing COVID-19 
infection. Test sensitivity is estimated to be about 62% on 
the day of first appearance of symptoms, and even up to 
80.3% three days after development of symptoms. Biological 
discharges with the highest positive rates are bronchoalveolar 
lavage (93%) and sputum (72%). Pharyngeal and nasal swabs 
give positive rates between 32% – 63%. Faeces and saliva may 
also contain viral nucleic acids. Moreover, there are some 
serologic methods of SARS-CoV-2 virus detection. Tests using 
specific characters of antibodies IgA, IgM, and IgG which are 
targeted at SARS-CoV-2 spike protein (S) and nucleocapsid 
protein (N), can bind and detect them, thus giving a clear 
sign of infection. The potential high-level effectiveness in 
detecting multisystem inflammatory syndrome in children 
(MIS-C) has been reported. Children with MIS-C present 
considerably higher antibody rates compared with those 
with asymptomatic or mild COVID-19 infection. However, 
serologic tests may be negative in an early phase of illness 
because of the developing time of antibodies [45–48].

General symptoms. As previously mentioned, the course 
of COVID-19 infection among children may differ, with 
reports indicating asymptomatic, mild, moderate, severe, 
or critical forms of the disease. The general symptoms are 
often quite similar to those presented in adults; owever, it 
depends on the age of the patients. In the group of neonates 
and infants, manifestations such as feeding difficulties or 
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apnea occur [40]. There are reports about pregnant women 
with COVID-19 infection who gave birth to sick children. 
Nonetheless, the complications mostly concerned the 
childbirth or preterm delivery rather than the course of the 
infection among children. The neonates usually presented 
symptoms similar to their mothers, such as fever, cough, or 
diarrhea [49]. Older children presented mild symptoms, or 
were even not invisible. The most common manifestations 
in children with the disease were fever, cough, rhinorrhea, 
sore throat, headache, vomiting, diarrhea, fatigue, myalgia, 
tachycardia, tachypnea and rash [39]. Loss of smell or taste 
was unusual in those under the age of 18 years; however, there 
were also reports about atypical manifestations of SARS-
CoV-2 infection among children. Croup as a manifestation of 
the illness was observed among some paediatric patients [50]. 
Other cutaneous manifestations besides rush are possible, 
but rarer. The lesions may include erythema multiforme, 
urticaria, or vesicular exanthema [51].

Radiological findings. There are different methods for 
diagnosing COVID-19. Radiology might be helpful, and chest 
CT or x-ray (CXR) could show some changes corresponding 
with symptoms presented by patients. Research has shown 
that consolidations were the most frequently observed 
lung lesions. Moreover, CT presented a higher sensitivity 
in detection compared to the CXR [52, 53]. Infected 
people usually presented bilateral lesions and some chest 
CT scans showed unilateral lesions, ground-glass opacity, 
consolidations, or crazy paving patterns in the chest CT 
imaging. Pneumonia was reported to be predominantly 
bilateral in 75.5% and unilateral in 20.4%, with most cases 
localized in the lower lobes. Ground glass patterns seen in 
the chest CT scans occurred with halo, broncho-vascular 
bundle thickening, grid‐form shadow, air bronchogram, 
and hydrothorax [54, 55]. The most commonly reported 
chest X-ray findings include ground-glass opacities and lung 
consolidations similar to chest CT. However, in some groups 
of patients, there were no visible radiological findings in CRX 
or CT although patients presented clinical symptoms [56–58].

Laboratory findings. According to diagnosing methods, 
there are also laboratory markers that may confirm COVID-19 
infection. The population of white blood cells (WBC) usually 
stays at normal level or tends to decrease. There are reports 
about lymphopenia or thrombocytopenia and patients with 
a high leukocyte count (>10 × 109/L), lower lymphocyte 
count (<0.4 × 109/L), and higher neutrophil count (>7 × 
109/L), who may present predispositions to a severe course 
of the SARS- CoV-2 infection [59,60]. Biomarkers, including 
procalcitonin, C‐reactive protein (CRP), interleukin‐6 
(IL‐6), lactate dehydrogenase (LDH), ferritin, erythrocyte 
sedimentation rate, or fibrinoge, are prone to be at higher level 
of risk. Patients presented higher alanine aminotransferase 
activity, higher aspartate aminotransferase activity, higher 
creatine kinase activity, higher creatinine level, and lower 
total protein level [53, 54, 61]. Cardiac markers which include 
N‐terminal proB‐type natriuretic peptide, troponin, and 
B‐type natriuretic peptide were reported to be elevated. Of 
interest is that patients with SARS-CoV-2 infections had a 
significantly higher rate of D-dimer and fibrin degradation 
product (FDP) [53, 54, 57,62–64].

Multisystem inflammatory syndrome in children. 
Multisystem inflammatory syndrome in children (MIS-C) 
is a post-infectious hyperinflammatory disorder due to 
the SARS-CoV-2 infection observed among a small group 
of children. It is relatively a new pathology so the precise 
definition is still changing. According to the current state of 
knowledge WHO defined MIS-C as a syndrome that includes 
age between 0–19, clinical presentation, evidence of infection 
or contact with patients who have COVID-19, elevated 
inflammation markers, and exclusion of other microbial 
inflammation causes. Multisystem inflammatory syndrome 
may be associated with age or chronic illnesses. The exact 
association between MIS-C and COVID-19 infection is still 
investigated but the possible cause might be a cytokine storm. 
Dysregulated immune response and endothelial damage 
mainly caused by proinflammatory cytokines such as IL-18, 
IL-8, IL-6, tumor necrosis factor (TNF-α), and interferon γ 
(IFN-γ) could lead to multiple organ failure. Patients presented 
higher levels of C-reactive protein (CRP), procalcitonin, 
lactate dehydrogenase (LDH) thrombocytopenia, ferritin, 

Table 1. Distribution of the frequency of an infection and manifestations 
among children in different age

Age Distribution of COVID-19 
infections among children

(%)

Most common clinical 
manifestations of COVID-19 in a 

group of children

Ref.

0–4 20.6 Fever**
Feeding difficulty*
Intussusception*

Bronchiolitis*
Apnea*
Cough

Tachypnea
Diarrhea

Rhinorrhea
Somnolence

Rash

[40–44]

5–11 37.9 Fever
Cough

Myalgia
Shortness of breath

Headache
Sore throat

Diarrhea
Nausea/Vomiting

Loss of smell /taste

[40–44]

12–15 26.3 Fever
Cough

Shortness of breath
Headache

Myalgia
Sore throat

Diarrhea
Nausea/Vomiting

Loss of smell/ taste
Runny nose

Abdominal pain

[40–44]

16–17 1.,3 Fever
Cough

Shortness of breath
Headache

Myalgia
Sore throat

Diarrhea
Nausea/Vomiting
Loss of smell/taste

Runny nose

[40–44]

** most commonly presented in infants and neonates; * most commonly presented in infants 
9 (0–1)
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D-dimer, and N-terminal pro-B type natriuretic peptide 
(NT-proBNP), [65–68]. Mild symptoms of MIS-C are mostly 
fever, cough, sore throat, abdominal pain, vomiting, diarrhea, 
conjunctivitis, and rash. Organ dysfunction symptoms may 
include tachycardia, hypotension, or breathing problems [68]. 
MIS-C could lead to heart blocks, pericarditis, valvulitis [69, 
70]. The treatment of multisystem inflammatory syndrome 
in children may be various. In most cases, the therapy 
includes intravenous immunoglobulin (IVIG), intravenous 
corticosteroids, Infliximab, Anakinra, Tociluzimab, and 
Siltuximab (both IL6 inhibitors). Thromboprophylaxis and 
Thrombosis also play an important role in the treatment. In 
emergency membrane oxygenation cardiopulmonary bypass 
(ECMO) was necessary [68, 71–74].

Gastrointestinal and hepatic manifestations. Increasing 
evidence emphasizes the role of SARS-CoV-2-mediated 
extra-respiratory manifestations, including gastrointestinal 
and hepatic symptoms. Viruses can be detected in the 
digestive system (duodenum, colon, rectum, anal region, 
and stool). These areas present expression of candidate 
coreceptors and auxiliary proteins that not only facilitate 
entry of the virus, but also have profuse amounts of viral 
angiotensin-converting enzyme 2 receptor (ACE2). They 
exhibit the expression of host transmembrane serine protease 
2 (TMPRSS2), essential for virus-cell fusion induction. 
Hence, viral replication occurring in the intestinal epithelial 
cells can be observed [75, 76]. SARS-CoV-2 creates dysbiosis 
and alternates the gut-lung axis. SARS-CoV-2 facilitates 
a clear T-cell response stimulating cytokine storm in the 
intestines and liver, which causes inflammatory bowel 
damage. Intestinal manifestations include the loss of appetite, 
abdominal pain, nausea and vomiting, and diarrhoea, which 
could act as a marker of the severity of the disease [77]. In 
children, diarrhoea constitutes the most frequently occurring 
symptom, often described as mild and self-limiting. In the 
liver, hypertransaminasaemia usually occurs in patients 
with a severe progression of the disease, with the incidence 
ranging from 40% – 60% [78]. As opposed to the respiratory 
secretions, SARS-CoV-2 remains longer in stools, which 
significantly impacts the spread of disease [79]. All this 
evidence leads to the recognition of the potential faecal-
oral route of disease transmission. A retrospective case 
series study of paediatric patients with post-COVID-19 
liver manifestations showed two distinct clinical patterns. 
One group of previously healthy infants, presented acute 
liver failure that hastily progressed to the necessity for liver 
transplantation. The liver explant revealed massive necrosis 
with lymphocytic infiltration and cholangial proliferation. 
Another group of children, aged 8 – 13 years, displayed 
cholestasis and hepatitis. A liver biopsy was performed in 
two children who showed parenchyma inflammation with 
lymphocytic portal, as well as the bile duct proliferations. 
All three children were provided with a steroid treatment, 
which resulted in liver enzyme improvement and overall 
successful therapy [80].

The case was reported of a 14-year-old non-obese boy 
with the multisystem inflammatory syndrome in children 
(MIS-C), who presented a diffusely painful abdomen, 
jaundiced skin, as well as hepatosplenomegaly. He presented 
a multiorgan failure with a compromised haemodynamic 
status and high levels of alanine aminotransferase, aspartate 
aminotransferase, as well as indications of cholestasis. 

Although fully recovered from MIS-C, during the follow-
up appointment the patient was diagnosed with hepatic 
steatosis. Hence, it is suggested that hepatic steatosis might 
be associated with the MIS-C, SARS-CoV-2 infection, or 
infection treatment. The causative factors primarily entail 
a prolonged usage of corticosteroids and their impact on 
the inhibition of fatty acid oxidation occurring in the 
mitochondria [81].

Olfactory and gustatory dysfunctions. The tissue 
distribution of ACE2, a particle that enables clathrin-
dependent viral endocytosis, shows its strong expression 
in vascular endothelial cells and the oral and nasal mucosa. 
These results suggest not only other viral transmission paths, 
but also explain various extrapulmonary manifestations 
[82]. Neurological symptoms associated with SARS-CoV-2 
infection include hypogeusia and anosmia. In a Chinese 
series of 214 patients infected with the SARS-CoV-2, 36.4% 
of them presented with neurological symptoms, including 
9% of patients with hypogeusia or hyposmia [83].

With regards to paediatric cases, SARS-CoV-2 infection 
usually causes less severe symptoms than those observed 
in adults. Unfortunately, both neurological involvement 
and symptoms, such as hypogeusia and anosmia in youth, 
have been poorly described [84]. Research performed on a 
group of 280 Spanish patients with a mean age of 10.4 years, 
concluded that even though the occurrence of either anosmia 
or hypogeusia in children infected with SARS-CoV-2 was 
lower than that observed in adult patients, it lasted longer. 
While no relationship was found between the occurrence of 
either anosmia or hypogeusia and the greater severity of the 
disease, these symptoms should be recognized to help identify 
patients with lesser clinical expression of said infection [85]. 
Another experimental group study involved 68 children 
over 6 years old, who recovered from COVID-19. Research 
methods included neurological examination, cognitive status 
verification, otolaryngologist examination, and assessment 
of smell and taste. The analysis was undertaken 6 – 8 weeks 
after COVID-19 recovery and, in some patients, after one 
year. Children who recovered from infection had a decrease 
in their smell capability compared to those who had never 
suffered from COVID-19. Both the olfactory thresholds 
and taste identification scores were identical after recovery, 
whether anosmia was reported during COVID-19 or not, 
and regardless of either hyperthermia level, occurrence of 
headache, or hyperhidrosis during COVID-19. Moreover, 
evidence suggested that in children and adolescents, there 
is a relationship between depressive symptoms and partial 
hyposmia, with the severity of symptoms varying from low 
to high, but not caused by the viral infection itself. After 
one year, a re-examination of 21 children showed that the 
sensitivity to odorants increased significantly. Furthermore, 
the thresholds of smell in children who were infected with 
SARS-CoV-2 and those who were not, revealed that olfactory 
sensitivity in children can be restored to normal values [86].

Neurological manifestations. Even though respiratory 
symptoms and multi-system inflammatory syndrome in 
children (MIS-C) are the main focus of scientific research, 
it has been observed that neurological phenomena are also 
highly associated with the COVID-19 infection. Two cell 
membrane proteins are the foremost necessities of viral 
invasion: ACE2 receptor, and TMPRSS2, both of which 
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can be expressed within the central nervous system (CNS) 
[87]. A prospective multi-centred observation study using 
the International Severe Acute Respiratory and Emerging 
Infection Consortium cohort was conducted. It included 
a total of 2,972 children, patients hospitalized due to 
COVID-19, and assessed for neurological symptoms. The 
most frequently noted neurological manifestations at 
admission included fatigue (20.4%), altered consciousness 
(6.8%), myalgia (7.6%), dysgeusia (1.9%), anosmia (2.2%), and 
seizure (5.2%). Furthermore, it was shown that among the 
children, the only neurological complication occurring more 
frequently in the intensive care unit (ICU) compared to the 
non-ICU (7.1% vs. 2.3%, P <.001) was seizures. The prevalence 
of stroke increased with age, while central nervous system 
infection and seizure were steadily decreasing. Chronic 
neurological disease, high blood pressure, as well as the use 
of extracorporeal membrane oxygenation, were associated 
with a greater risk of stroke, and impaired consciousness 
was associated with CNS infection, stroke, and seizure [88]. 
Another study reported that 28% of paediatric patients in the 
USA who suffered from COVID-19 experienced headaches. 
Among children diagnosed with MIS-C in New York, 31 – 
47% experienced neurological symptoms which involved 
impaired mental status, headache, or even encephalopathy. 
Likewise, a multi-centre study of children with MIS-C 
across the USA discovered that 5% suffered from severe 
neurological difficulties, such as coma, seizure, aseptic 
meningitis, encephalitis, or even demyelinating disorders. 
In the UK, among 27 children diagnosed with MIS-C, 
four presented new-onset neurological symptoms, such as 
dysphagia, dysarthria, cerebellar ataxia, encephalopathy, and 
peripheral. The MRI or CT changes involved the splenium of 
the corpus callosum, and all patients presented with shock, 
fever, and rash. Reversible lesions of the corpus callosum 
have been observed in Kawasaki disease, along with other 
viral and inflammatory encephalopathies [89].

The main differences between patients with a primary 
neurological disorder and those with paediatric inflammatory 
multi-system syndrome – temporally associated with SARS-
CoV-2 (PIMS-TS) – have been identified. When compared 
with patients with a primary neurological disorder, more 
patients with PIMS-TS needed intensive care, but their 
treatment outcomes were overall similar [90]. Facial nerve 
palsy has been reported as another possible complication 
associated with COVID-19. Its prevalence significantly 
increased during the pandemic, both in adult and paediatric 
emergency departments. A case of a 15-month-old infant who 
presented only right peripheral facial nerve palsy without 
any other neurological manifestations has been described. 
Serological tests for common infections were negative, but 
showed the presence of SARS-CoV-2 IgG antibodies. MRI 
revealed enhancement of the intra-auricular tract of the 
right facial nerve. Surprisingly, the patient and her family 
experienced mild respiratory symptoms quite early on, 
namely, fever, anosmia, and ageusia, but all of them were 
reported to recover spontaneously. It has been suggested, 
that along with other well-known infections that cause 
facial nerve palsy, both SARS-CoV-2 swab and serology tests 
should be carried out. Facial palsy can represent an immune-
mediated neurological complication of the SARS-CoV-2 
infection [91]. Another example of neurologic complications 
of COVID-19 is a case of longitudinally extensive transverse 
myelitis (LETM) in a 3-year-old girl who did not present 

any earlier symptoms. The patient had a positive SARS-
CoV-2 nasopharyngeal PCR and presented with the onset 
of weakness, just three weeks after her family presented 
respiratory symptoms. Such a picture of the disease might be 
an example of the post-infectious demyelinating syndrome 
[92].

Dermatological manifestations. Chilblains are one of 
the most prevalent cutaneous expressions of COVID-19 
in children. Other frequently described symptoms are 
maculopapular rash, urticaria, erythema multiforme, and 
papulovesicular eruptions [93]. Compiled incidence involved: 
chilblain-like lesions (n = 173; 88.3%), maculopapular rash 
(n = 16; 8.2%), erythema multi-form-like lesions (n = 12; 
6.1%), varicella-like exanthema (n = 1; 0.5%), and urticaria 
(n = 1; 0.5%) [94]. Acral ischaemic lesions, which are similar 
to chilblains and more common in adolescents, were 
reported worldwide during the COVID‐19 outbreak. They 
mainly affect toes and feet while being less frequent on the 
fingers and hands. The lesions, may appear as either dark 
purpuric macules, iolaceous or erythematous swellings, or 
vesiculobullous lesions with prominent vascular damage. 
Most patients have either mild general symptoms or none at 
all, as well as negative nasopharyngeal PCR and serological 
tests [95]. Urticaria, in which rates might be underrated in 
children, occurs in about 10% – 20% of patients with skin 
lesions suffering from the SARS-CoV-2 infection. Other 
forms of exanthems, which relation to the illness, remains 
unknown, and were reported during the SARS-CoV-2 
outbreak and included purpuric rashes, pityriasis rosea‐
like eruptions, maculopapular exanthems, and oral findings 
[96, 97]. A small percentage of paediatric patients develop 
severe multi-system involvement termed MIS-C, which can 
vary in its mucocutaneous manifestations [98]. MIS-C is 
characterized by laboratory markers of inflammation fever, 
multi-system involvement, and generally severe illness that 
usually requires urgent hospitalization. Skin findings, initially 
compared with Kawasaki disease, likely represent distinct 
phenomena and remain poorly characterized. ‘Rash’ is often 
the sole descriptor of skin lesions in many patients. Case 
reports provide us with more details, showing a broad range 
of various lesion morphologies (polymorphic, morbilliform, 
maculopapular, urticarial, erythrodermic, purpuric reticular, 
petechial,), as well as their variable anatomical distribution 
[99].

Psychiatric manifestations. Clinical data reveals that 
impairments in the function of one or more organs can persist 
for a long time, being characterized as a post-COVID or long-
COVID syndrome. Fatigue and cognitive dysfunctions, such 
as concentration problems, a specific decline in attention, 
short-term memory deficits, general memory loss, language 
and praxis abilities, encoding, and verbal fluency, impairment 
of executive functions and psychomotor coordination, are 
among the most common neuropsychiatric symptoms of 
the above-mentioned syndrome. Studies reporting the 
occurrence of neuropsychiatric symptoms were integrated 
into meta-analyses which included 147 studies, to estimate 
pooled prevalence. The symptoms with the highest incidence 
were depression (23.0% (95% CI 11.8% – 40.2%, n=43 128, 10 
studies), anxiety (15.9% (5.6% to 37.7%, n=42 566, 9 studies), 
as well as impaired mental status (8.2% (95% CI 4.4% – 
14.8%, n=49 326, 19 studies) [100]. Several patients were 
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also suffering from depression, anxiety, sleep deprivation, 
or even post-traumatic stress disorder (PTSD). It was shown 
that patients with long COVID-19 might present changes 
in brain functioning, such as brain hypometabolism and 
hypoperfusion of the cerebral cortex, as well as changes in 
the brain structure, and further functional connectivity.

Children and adolescents constitute rather a minority of 
COVID-19 cases; therefore, data on their long-term sequelae 
after SARS-CoV-2 infections are limited [101]. Many cross-
sectional studies have analyzed the impact of COVID-19 and 
lockdown on children and youths. The findings show that the 
nature and extent of this influence depend on various factors, 
including developmental age, education level, pre-existing 
mental health problems, economic status, and quarantine, 
which occurred due to infection or fear of the said infection. 
Studies report that young children present disturbed sleep 
patterns, experience nightmares, and clinginess, have a poor 
appetite, and also present inattentiveness and significant 
separation problems. Extended school and activity centre 
closures exposed the children and youths to severely 
hindered educational and psychological development, as 
they experience loneliness, anxiety and insecurity.

Exacerbation in symptoms and behavioural problems in 
children with mental health conditions can be observed 
because of their lack of adaptation to various environmental 
changes. The children who attend therapy are at high risk 
of being derailed from treatment and special education, 
and economically underprivileged children are prone to 
exploitation and abuse. Quarantined children are at great 
risk for developing mental health-related issues [102–105].

Ophthalmic manifestations. Ophthalmic manifestations of 
COVID-19 contagions are quite common. Various symptoms 
that may be correlated with SARS-CoV-2 were observed, with 
the most common ocular symptom in COVID-19-infected 
patients being conjunctivitis. Cases of benign COVID-19 
infection with conjunctivitis accounted for 8.66% of patients. 
All symptomatic patients reported having had previous 
redness in either one or both eyes. There has been a rise in 
the spread of a condition similar to Kawasaki’s illness, with 
a strong correlation to COVID-19. Iridocyclitis, vitreous 
opacities, papilloedoema, subconjunctival haemorrhage, 
and conjunctival injection are all symptoms of Kawasaki 
illness, a self-limiting vasculitis. The most frequent eye 
symptom detected in currently accessible material has been 
conjunctivitis. COVID-19 can cause ocular inflammation 
in multi-system inflammatory syndrome patients. Bilateral 
non-granulomatous acute anterior epitheliopathy and 
corneal punctate epitheliopathy in children with the MIS-C 
brought on by COVID-19 have both been documented 
[108,109]. Studies demonstrated a fair amount of conjunctival 
hyperaemia or conjunctival discharge as part of the present 
symptoms during COVID-19 infection among the paediatric 
population. No less severe ocular symptoms included rubbing 
the eyes, ocular pain, tearing, or eyelid swelling [107,110–112]. 
Paediatric individuals who were infected by SARS-CoV-2 
seldom reported orbital inflammatory diseases; however, 
there were some confirmed cases of sinusitis, cerebral 
abnormalities, and unilateral ocular cellulitis. Furthermore, 
the pathological changes in the retina caused by inflammatory 
processes linked to SARS-CoV-2 infection, such as cotton-
wool spots, microhemorrhages, and vein dilatation, have 
been emphasized in the past few years [110].

Cardiovascular manifestations. Cardiac manifestations 
during COVID-19 infection are a general consequence. 
Multi-system inflammatory syndromes in children (MIS-C), 
cardiovascular manifestations are more often related than 
SARS-CoV-2 infection with benign symptoms. Cardiac 
involvement is developed in children with MIS-C who 
constitute up to 67 – 80%, and it is more widespread than 
Kawasaki disease in children with MIS-C. Ventricular 
dysfunction, coronary artery aneurysms, aberrant conduction, 
and arrhythmias are some of the cardiac symptoms. In 
distinguishing coronary artery abnormalities, coronary 
artery dilation should be mentioned. Coronary artery 
dilatation – origin unknown – may cause vasculitis or systemic 
hyper-inflammation. Another significant manifestation of 
COVID-19 infections is the incidence of arrhythmias. ECG 
results show that arrhythmias occur in up to 70% of MIS-C 
patients. Low QRS amplitude and T-wave abnormalities are 
the most typical findings. There have also been reports of 
first-, second-, and third-degree heart blocks, ventricular or 
atrial tachycardia, or bradyarrhythmia occurring. In certain 
children, myocarditis is also present. Two possible etiologies 
for the cardiac damage caused by COVID-19 include direct 
viral injury to the heart and myocardial damage incurred by 
the hyperinflammatory process.

Children with COVID-19 myocarditis had higher CRP 
levels, used inotropes for a shorter length of time, and 
returned to normal left ventricular systolic function more 
quickly than those without the condition. It is reported 
that 50% of all children with MIS-C may have ventricular 
dysfunction. As mentioned above, one of the numerous 
possible causes could be myocarditis. A significant influence 
in the development of ventricular dysfunction might also 
be played by immunological abnormalities incurred by 
inflammatory processes. When MIS-C is suspected, it is 
suggested to perform an urgent electrocardiogram (ECG), 
transthoracic echocardiogram, troponin, and assessment 
of the level of brain natriuretic peptide (BNP) [113–115, 
117–119, 121, 122].

Rheumatological manifestations. The musculoskeletal 
system may be also afflicted by SARS-CoV-2, and some 
malformations related to COVID-19 infection have been 
reported. Myalgia, which is defined as muscle aches and 
pains, has frequently been noted in even 50% of COVID-19 
patients. Numerous case reports have mentioned myositis 
and rhabdomyolysis in COVID-19 patients, both as a 
presenting symptom and as a late consequence. A few cases 
of SARS-CoV-2 causing necrotizing autoimmune myositis 
have also been documented. Unknown processes underlie the 
involvement of the muscles in COVID-19. Skeletal muscles 
are directly invaded by SARS-CoV-2 because they contain 
an ACE2 receptor, through which the virus is transmitted.

The participation of immune-mediated pathways in 
SARS-CoV-2 muscle involvement is a different and better-
known idea. Arthralgia is present in 2.5% of patients in 
whom a COVID-19 symptom has been detected. Only a 
few cases of acute clinical arthritis due to COVID-19 
have been documented to date. Among other chronic 
rheumatologic conditions, Graves’ disease, systemic lupus 
erythematosus, rheumatoid arthritis, dermatomyositis, 
psoriatic spondyloarthritis, and reactive arthritis have 
been reported. Regarding a connection between the child 
population and COVID-19 rheumatological manifestations, 
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the reports are not entirely clear. More study has to be carried 
in this therapeutic area [123–129].

CONCLUSIONS

According to all the research and collected data, there are 
numerous specific and non-specific clinical manifestations 
of COVID-19 infection among children. A large group of 
infected children is asymptomatic or present mild symptoms 
of illness, depending on the age of the patients. Symptoms 
such as fever, feeding difficulty, intussusception, bronchiolitis, 
apnea, cough, tachypnea, diarrhea, and rhinorrhea are the 
most common in the group of 0 – 4-year-old children. In a 
group of older children aged 5 – 17, the most common and 
typical symptoms are fever, cough, sore throat, headache, 
myalgia, or diarrhea. Non-specific COVID-19 might present 
as gastrointestinal and hepatic abnormalities, olfactory and 
gustatory dysfunctions, such as hypogeusia or anosmia, 
neurological and ophthalmic manifestations, such as fatigue, 
altered consciousness, myalgia, dysgeusia, anosmia, seizure, 
conjunctivitis, bilateral non-granulomatous acute anterior 
epitheliopathy, and corneal punctate epitheliopathy.

Cardiovascular manifestations, which included ventricular 
dysfunction, coronary artery aneurysms, aberrant conduction 
and arrhythmias, were some of the most worrying non-
specific symptoms of SARS-CoV-2. It is also alarming there 
have been reports about some psychiatric abnormalities 
related to COVID-19, such as short-term memory deficits, 
concentration problems, general memory loss, a specific 
decline in attention, language and praxis abilities, impaired 
encoding and verbal fluency, as well as impairment of executive 
functions and psychomotor coordination. Dermatological 
and rheumatological symptoms, although quite rare findings, 
are also a part of non-specific manifestations of COVID-19 
infection.
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