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Abstract: 
 COVID-19 ongoing global pandemic is caused by the recent discovery of a novel coronavirus, 

severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), first initiated in Wuhan, China. SARS-

CoV-2 is an RNA, enveloped, a zoonotic virus with S-protein making a crown-like shape which is used 

attached to angiotensin-converting enzyme-2 (ACE-2) receptor as an entry pathway into the host cell. 

However, the case mortality rate is low in children compared to adults as children often have milder 

COVID-19 symptoms compared to adults still, neonates and young children have higher severity than 

older children. 
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I. INTRODUCTION 

Youngsters are less susceptible to SARS-CoV-2 

infection than adults(1, 2). Children from 10 to 14 

years old, on the other hand, are more vulnerable 

(48% susceptibility compare to 20 years or older). 

While adolescents have similar susceptibility to 

adults (1, 2). Nevertheless, some studies suggest 

that children may have similar infection rates as 

adults because children have a lower perceived case 

rate for COVID-19 since children are often 

asymptomatic  or too mildly infected to draw 

medical attention (3). Another factor can also be 

that children are less commonly exposed to the 

main sources of transmission such as animals, 

outdoor activities and international travels (4, 

5). Lastly, adults are the key source of transmission 

to most children which suggests that the majority of 

children have been infected by the second or third 

generation of the virus (6). The latter generation of 

SARS- and MERS-CoV have been regarded as 

having diminished pathogenicity causing children 

to have a milder illness (7). Children often have 

milder COVID-19 symptoms compared to adults 

and interestingly, a meta-analysis concludes that 

almost a quarter of children that have COVID-19 

develop gastrointestinal symptoms, for 

example,  diarrhoea, vomit and abdominal pain (8). 

However, some children experience higher severity 

of symptoms (9). This revew aims to explore the 

underlying rationales involved the severity of 

COVID-19 in children.     

 

II.DEVELOPMENTAL CHANGES IN 

IMMUNITY 
The antigen-naïve immature immune systems in 

infants and age-linked correspondtive 

immunodeficiency/malfunction in the aged 

influences these individuals toward Acute lower 

respiratory infections such as Respiratory Syncytial 

Virus and seasonal influenza (10, 11). Nevertheless, 

in most cases, children still manage better than the 

elderly. 

The predominant innate immune response to 

infectious stimuli in infants and the lesser 

noticeable adaptive immune response (12). An 

investigation of Latin American children 6-9, 22-26 

and 48-60 months, younger children had a stronger 

innate response to Toll-like receptor (TLR) 

stimulation, as younger children have higher 
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secretion of TNF-alpha and cytokines (IL -6, IL -8, 

IL -10.) (13). The rate of naive CD4+ T cells 

deteriorated with age, whereas memory T cells rose 

(12-14). Additionally, Children possess greater 

percentages regarding total lymphocytes and an 

absolute cells count of B and T cells along with 

natural killer cells (15).  The more severe COVID-

19 infection in younger children could be on 

account of an inadequate adaptive immune system 

response (16). Furthermore, maternalistic 

antibodies found in newborns and infants are 

doubly active toward emerging viruses such as 

SARS-CoV-2 (16). 

The aged are predisposed to a higher rate, as well 

as the severity of acute lower respiratory infections 

because of age-linked immune system senescence 

(15). Infection with the Respiratory Syncytial Virus 

causes extended viral replication and a delay in the 

progression of cytokine levels in older cotton rats 

compared to younger rats (17). In the elderly, 

various irregularities in immunity have been noted, 

such as a decrease in dendritic cells and their 

functions, a decline in TLR induction, upregulated 

pro-inflammatory cytokines, diminished 

macrophage, as well as neutrophil function, 

decreased NK cell activity, reduced proliferation 

and abundance of γδ-T cells (18, 19).  

These variables cause an overly pro-

inflammatory response against infections including 

a prolonged, as well as an absent conversion of 

innate to adaptive immunity (20, 21). Surviving 

SARS patients exhibited a gene expression pattern 

that suggested the emergence of an adaptive 

immune response, whereas the dead had chronically 

high levels of proinflammatory cytokines coded by 

the interferon stimulated genes (22). 

Antibodies that are not neutralising can bind to 

viruses, allowing them to penetrate granulocytic 

and macrophages cells more efficiently, this is 

known as antibody dependent enhancement (ADE) 

(23-26). Viruses coated with antibodies can 

therefore replicate with higher efficiently, resulting 

in increased viral loads in children with COVID-19 

(27-29). In comparison to adults, children that have 

COVID-19 had less neutralising antibody levels 

with lower ADE. Greater amount of  Non-

neutralising cross-reactive HCoVs antibodies may 

contribute to older adults' heightened vulnerability 

to acute COVID-19.The involvement of cross-

reactive T cells in SARS-CoV-2 infection, on the 

other hand, is uncertain (30-32). It was proposed 

that preexisting T cells with lower avidity, 

frequently found in more significant amounts in the 

aged, T-cell responses against SARS-CoV-2 

infection may be hampered. The T cell response to 

the spike protein is less strong in children with 

COVID-19 (33-35).  

 

III. DIFFERENCES IN THE 

ENDOTHELIUM AND CLOTTING 

FUNCTIONS 
SARS-CoV-2 can cause vasculitis by infecting 

endothelial cells (36, 37). Coagulation pathways are 

activated in response to endothelial damage, 

resulting in the formation of microthrombi, as well 

as angiogenesis, and both of these pathogenic 

processes are associated with COVID-19-induced 

thrombotic complications such as heart attacks and 

strokes (38). This may also explain why patients 

with endothelium-related diseases, such as diabetes 

and hypertension, are more likely to develop severe 

COVID-19 (39).  

Children's endothelium is less 'predamaged' than 

adults', and their coagulation system is also 

different, making them less prone to abnormal 

clotting. Notably, the age distribution of severe 

COVID-19 (and the increased risk in men) is 

similar to thrombotic diseases such as deep vein 

thrombosis. While stories of children presenting 

with a more severe version of Kawasaki disease 

('paediatric inflammatory, multisystem syndrome 

temporally associated with SARS-CoV-2 [PIMS-

TS]' in Europe; also known as Multisystem 

Inflammatory Syndrome in Children [MIS-C] in the 

USA) may also seem to support the concept that 

vascular function plays a vital role in the 

pathogenesis of COVID-19 (40, 41). The reports 

should be taken with a grain of salt because 

children have different physiologies from adults 

and different vulnerabilities to cardiovascular 

complications than adults. There are some 

differences between acute COVID-19 and the 

pathogenesis of PIMS-TS (42). PIMS-TS usually 

manifests 4–6 weeks after infection (42). As a result, 
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PIMS-TS is associated with a different type of 

hyper-inflammation than COVID-19, characterised 

by higher IL-7 and IL-8 and lower levels of effector 

CD4
+
 T cells (43). Another intriguing finding is that 

children and young adults who have chilblain-like 

skin lesions and are positive for COVID-19 are at 

an increased risk of developing viral endothelial 

invasion, vasculitis, or thrombotic vasculopathy 

(44).  

 

IV. EFFECTS OF ACE2 EXPRESSION 
ACE2 is a renin-angiotensin system counter-

regulatory enzyme that converts angiotensin-2 to 

form Ang-(1-7) (45). The activity of ACE2 

maintains equilibrium between angiotensin-2 

(fibrosis, inflammation, proliferation and 

vasoconstriction, ) and Ang(1-7) (anti-fibrosis, anti-

apoptotic, anti-proliferation and vasodilation) in a 

healthy condition (46). Following the pneumocyte 

invasion, SARS-CoV-2 lower the expression of 

ACE2, thereby reducing angiotensin-2 conversion. 

Increased angiotensin-2 elevates permeability and 

inflammation of pulmonary vascular, exacerbating 

lung damage (47). Angiotensin-2  in COVID -19 

patients concentrations were reported to be elevated 

compared with healthful adults. Angiotensin-2 

concentration also correlates positively 

along  SARS-CoV-2 viral load ,as well as severity 

of lung damage significantly, most likely due to 

ACE2 downregulation (48). Elevated angiotensin-2 

concentration that was observed in pneumonia 

caused by a respiratory syncytial viruses (RSV), as 

well as avian influenza virus (49). ACE2 

concentrations decline with age, as well as 

comorbidities such as diabetes or hypertension, 

which may explain poorer prognosis and lung 

damage of patients with SARS-CoV-2 (50). A 

substantial drop in angiotensin-2 levels, as well as a 

rise in Ang-(1-7) and surfactant protein-4 levels 

were reported in the second stage clinical trials with 

recombinant ACE -2 infusion in individuals with 

acute respiratory distress syndrome (ARDS). The 

high activity of ACE2 observed in youngsters may 

serve as a protecting mechanism against COVID -

19 in children resulting in a milder illness in 

contrast to older individuals because ireased blood 

levels of ACE2 may act as a virus neutraliser and 

defend upon lung injury by inactivating angiotensin 

II circualtion(51). Human ACE2 protects the lungs 

during influenza infection in mice 

(52).  Additionally, plasma ACE2 concentration are 

inversely associated with BMI (body mass index),as 

well as oestrogen concentration, suggesting a link 

between male sex or obesity and COVID-19 

severity. Because ACE2 is also a major receptor for 

entry of SARS-CoV-2, the notion of ACE2 

potential usefulness in COVID-19 lung damage is 

debatable. Several human cells, including heart, 

kidney, gut, testis, placenta, lungs, central nervous 

system, nasopharyngeal epithelial cells, blood 

vessels and liver contain ACE2 (53). While genetic 

variants encoding ACE2 have been Associate with 

an increase in the risk of severe COVID-19 (68), 

though it remains unknown whether the circulating 

level of ACE2 correlates with COVID-19 severity. 

Studies show that ACE2 knockout mice 

demonstrated more severe lung damage during 

RSV and avian influenza virus infections, but 

showed lower viral load, injury scores and 

inflammatory cell infiltration compared to wild-

type rats during SARS-CoV-1 infections (54). 

There were no differences in ACE -2, ACE and 

ACE -2 from ACE activity in acute respiratory 

distress syndrome (ARDS) patients of all ages (2, 

55).   

It was suggested that children's ACE2 receptors 

have a reduced affinity for SARS-CoV-2 and are 

distributed differently across the body, resulting as 

more challenging for the SARS-CoV-2 virus to 

enter the host cells. Nonetheless, ACE2 has not 

been demonstrated to affect COVID-19 symptoms. 

Additionally, the abundance of ACE2 receptors 

diminishes in the age range with the highest 

susceptivity to COVID-19, the elderly. 

In contradiction, ACE2 is overexpressed in 

individuals consuming angiotensin receptor 

blockers for arterial hypertension or angiotensin-

converting enzyme, enhancing their vulnerability to 

COVID-19 of higher severity. 62 63 However, the 

intricacy of the ACE2-angiotensin system's 

regulation, which is important for immune 

regulation (ARDS), contributes to the debate. 

ACE2 helps protect against SARS-CoV-2 and 

influenza correlated lungs damaged in animal 
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studies.64 65. ACE2 down-regulation in expression 

when SARS-CoV-2 enters the cell via ACE2 

receptor, impairing its anti-inflammatory effects, as 

well as ability to convert angiotensin (1–7) from 

angiotensin II. In COVID-19, an angiotensin II’s 

overabundance may lead to organ 

damage.Angiotensin II levels in the blood are 

considerably higher in individuals with SARS-

CoV-2 infection and are positively correlated to 

viral load, as well as lung injury. 67 This discovery 

is consistent with the findings that organ damage 

occurs in Mellitus diabetic individuals have low 

ACE2 expression, most probably because of 

glycosylation (56).  

SARS-CoV-2 infection of cells is also aided by 

transmembrane serine protease 2 (TMPRSS2), 

which cleaves the SARS-CoV-2’s spike proteins, in 

addition to the ACE2 receptor (57, 58). In the lungs’ 

and nasal epithelial cells, TMPRSS2 expression rise 

by age, similar to ACE2 (56). Two subsequent 

investigations, however, disputed these conclusions 

(57, 58). 

Base on the existing information, it is hard to 

determine which impact of ACE2 is more 

influential for SARS-CoV-2 viral infection, 

specifically, its protecting role against inflammation 

mediated lung damage or enhancement of lung 

damage by facilitating viral invasion. Because 

young infants are more severely affected by 

COVID19 than older kids, it's necessary to verify if 

ACE2 facilitated cell infection is to blame (58). 

Studies to determine angiotensin 2 levels in the 

blood and children with COVID-19’s lower 

respiratory tract ACE2 activities are needed (56, 

59). 

 

V. EFFECTS OF LUNG DEVELOPMENT  

With increasing age, lungs' regenerative potential 

moderately decreases (60). Younger mice (2–3 

months) and older (16–18 months) mice were used 

in a study about lungs infection. It has been shown 

that in older mice, influenza viral infection resulted 

in worse alveolar damage, delayed regeneration of 

alveolar type II cells, as well as pro-SPC positive 

bronchial epithelial cells (59). As a whole, the 

better regenerative capacity in children could justify 

the milder and faster recuperation in children with 

COVID-19 as opposed to adults patients (61). 

Available data indicate that children may have 

greater involvement with the upper airway than 

with the lower airway (62). This may be due to the 

fact that children have higher resistance in the 

upper respiratory tract, and so aerosol particles are 

more prone to deposit in the tracheobronchial trees 

than in the alveoli (63).  It might result in more 

bronchitis like infections, as well as fewer 

pneumonia-like illnesses in SARS-CoV-2 infected 

children. It would be gainful to study if the location 

of the respiratory’s epithelium has a difference in 

SARS-CoV-2 affinity along with age (64).  

 

VI. MULTISYSTEM INFLAMMATORY 

SYNDROME IN CHILDREN (MIS-C) 

MIS-C appears as a comparatively uncommon 

COVID -19 complication in children, occurring 

around 1 percent in children infected SARS-CoV-2 

(65, 66). MIS-C appears to resemble but differs 

from incomplete Kawasaki disease (KD) in that 

most MIS-C cases occurred among healthy 

teenagers as well as adolescents, particularly 

Hispanic and black children, as opposed to common 

KD (67, 68). MIS-C varies from acute COVID19 

epidemiology, which usually occurs in youngsters 

with underlying health complications. The peak of 

COVID -19 cases in different regions and the 

increase in MIS-C cases were few weeks apart in 

most studies (69). For example, in London this 3 - 4 

weeks delay is compatible with the acquired 

immunity timing suggesting that MIS-C is an after 

complication of SARS-CoV-2 viral infection 

instead of an acute infection in certain children (70, 

71). 

 

VII. IMMUNE DYSREGULATION 

Despite these resemblances to macrophage 

activation syndrome (MAS), cytokine release 

syndrome, and Kawasaki disease (KD) (72). MIS-C 

seems to be immunophenotypically distinct from 

KD and MAS (73). SARS-CoV-2 causes an 

aberrant immunological response, although the 

specific pathways are unclear. Patients with critical 

MIS-C symptoms have enduring immunoglobulin 

G (IgG) antibodies of enhanced capacity to 

stimulate monocytes, enduring cytopenias 
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(especially T-cell lymphopenia), as well as more 

elevated activation of CD8
+
 T cells, which differ 

from acute COVID -19 infection, according to 

preliminary research (74). The certainty of these 

findings is limited due to the small number of 

participants in these studies (75). The majority of 

children showed positive serology but negative 

polymerase chain reaction (PCR) to SARS-CoV-2, 

supporting the notion that MIS-C is linked to 

immunological dysregulation after the infection has 

ceased (76, 77). Nonetheless, certain children are 

tested positive PCR. In the earlier case reports, 783 

children received PCR and serology tests, 34 

percent had positive on serology and PCR, 60 

percent were positive serology but negative PCR, 

and 5 percent had the two tests negative (78, 79).  

 

CONCLUSIONS 

There are several possible explanations for 

children's relatively mild illness. Apart from their 

decreased outdoor activity, children possess several 

characteristics that make them immune to SARS-

CoV-2. The pediatric population possesses a more 

robust respiratory system and a distinct receptor 

expression pattern in the lower respiratory tract. 

Additionally, we believe that a combination of 

immune system characteristics, which includes a 

somewhat less robust adaptive immune system 

alongside an initial vigorous innate immune 

response, a constitutionally more elevated 

lymphocyte count, a trained immunity including 

cross-reactive neutralizing antibodies, an absence of 

aging deterioration, the immune system-respiratory 

tract interaction, a different ACE2 expression, 

different in endothelium and clotting function may 

protect the pediatric population. While these data 

suggest that COVID-19 is far less prevalent and 

less severe in the pediatric population than in the 

older population, children have been reported to 

have severe infections this might be due to genetic, 

underlying conditions, and blood types. Other than 

this some children develop extreme complications 

after SARS-CoV-2 infection such as  MIS-C in rare 

cases. It is unclear how frequently MIS-C develops 

after a mildly or even asymptomatic SARS-CoV-2 

infection. However, additional research remains 

essential to determine other probable reasons for 

milder SARS-CoV-2 infection in children. 
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