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ABSTRACT
Introduction: Coronavirus disease 2019 (COVID-19) is due to severe acute respiratory syndrome 

Coronavirus-2 (SARS-CoV-2) infection, which belongs to beta-coronaviruses of the Coronaviridae family. 
SARS-coV-2 causes acute respiratory infection with varying severity in different age groups, wherein adults 
can develop severe disease, while children are relatively spared until now, with COVID-19 in children 
accounting for only 1-5% of diagnosed cases. Although COVID-19 incidence rate in children is relatively 
low, their protection from COVID-19 is still a matter of increasing concern as children constitute a large 
vulnerable population. In order to develop effective therapeutic management and preventive measures 
against COVID-19 in children, there is an urgent need for a better understanding of its pathophysiology 
at the molecular level and clinical presentation as well as possible protective mechanisms in the pediatric 
population.

Objectives: There is limited data regarding the incidence and clinical presentation of SARS-CoV-2 
infection in children. Our goal was to understand the clinical picture and presentation of pediatric patients 
with confirmed COVID-19.

Methods: A systematic literature search of popular medical databases (PubMed, Cochrane Central 
Register of Clinical Trials and Scopus), restricted to English language publications only, was conducted by 
us. We chose published peer-reviewed and cross-sectional articles as well as case series providing clinical 
signs, imaging findings and laboratory results of pediatric patients, using the following inclusion criteria: 
children aged up to 18 years who tested positive for COVID-19 and in whom SARS-Co-V-2 was detected in 
the nasal/throat swab by real time polymerase chain reaction (RT-PCR).

Conclusion: Our review revealed that, in children, COVID-19 was milder in terms of disease severity 
and clinical presentation, and it had a better prognosis and a lower mortality rate than adults.

Keywords: pathophysiology of COVID-19, clinical presentation of COVID-19,  
low incidence of COVID-19 in children, novel corona virus, mild illness. 
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) 
is due to the severe acute respiratory 
syn drome Coronavirus-2 (SARS-CoV-2) 
infection, which belongs to beta-co-
ronaviruses of the Coronaviridae fa-

mily. In December 2019, the coronavirus disease 
spread from China to other parts of the world, af-
fecting around 200 countries, and the World 
Health Organization (WHO) declared it as pan-
demic on the 11th of March 2020 (1, 2). It is the 
biggest public health crises of recent times. As per 
the WHO update from the 28th of Februa ry 2021, 
there have been 111 million confirmed cases and 
2.46 million deaths worldwide (3), and 2.59 mil-
lion new cases, 11.3 million cases and 
1,56,418 deaths due to COVID-19 in India (4) at 
the time of writing this paper. 

SARS-coV-2 causes acute respiratory infection 
with varying severity in different age groups, 
wherein adults tend to have severe disease, while 
children are relatively spared until now and ac-
count for only 1-5 % of diagnosed cases (5-7). 
Mortality in children is rarely reported. Evidence 
suggests that as much as half of children infected 
with corona virus may be asymptomatic and 
therefore not diagnosed (6, 7). National and glob-
al data indicated that only 2-3% of infected chil-
dren required hospitalization. Deaths due to 
COVID-19 in children contributes to <2 % of all 
deaths (8). There is a knowledge gap related to 
the low susceptibility of children to COVID-19 
and appearance of mild illness in the pediatric 
population. Several theories to explain the differ-
ences in the pathogenesis of COVID-19 between 
children and adults have been proposed (8, 11). 
However, there are cases of multisystem inflam-
matory syndrome in children (MIS-C) that appear 
to be associated with COVID-19 manifesting with 
high fever, rash, conjunctivitis and gastrointestinal 
symptoms with multiorgan failure (9), which is of 
concern. It has been observed that children with 
comorbid conditions such as congenital heart dis-
ease or lung and airway disease are prone to se-
vere illness with COVID-19 (10). Although the in-
cidence of COVID-19 in children is low, ensuring 
their protection from COVID-19 remains a matter 
of increasing concern as the pediatric population 
constitute a large vulnerable group (11). There is 
limited data regarding the incidence and clinical 
presentation of SARS-CoV-2 infection in children. 

To develop effective therapeutic manage-
ment and preventive measures against COVID-19 
in children, there is an urgent need for a better 
understanding of its pathophysiology at the mo-
lecular level and clinical presentation as well as 
possible protective mechanisms in the pediatric 
population. Hence, these facts gave an impetus 
to conduct a systematic review focusing on clini-
cal presentation of COVID-19 in children and 
discussing the proposed hypothesis and factors 
responsible for the mild nature of COVID-19 in 
children. q

METHODS

Search strategy and selection criteria 

Adhering to the PRISMA guidelines for 2020, we 
did a systematic literature search of medical da-
tabases (PubMed, Cochrane Central Register of 
Controlled Trials and Scopus) between the 1st of 
January 2020 and the 28th of February 2021. 
Three authors independently searched the data-
bases using the following keywords: "novel coro-
navirus", "COVID-19", "SARS-CoV-2", "low inci-
dence of covid-19 in children" and "COVID-19 in 
children OR pediatric COVID-19". The search 
terms were kept broad to encompass all possi-
bilities for the studies applicable. Some records 
were also retrieved via cross-references from se-
lected published papers. 

 Searches were limited to English language ar-
ticles only. All published articles which were in 
line with national and international guidelines 
and under recommendations of international 
committee of medical journal editors were in-
cluded in the current review. 

The following inclusion criteria were used: 
children aged up to 18 years who tested positive 
for COVID-19 and in whom SARS-Co-V-2 was 
detected in the nasal/throat swab by real time 
polymerase chain reaction (RT-PCR).

Isolated case reports, case series with a sample 
size <5 and suspected cases of COVID-19 with-
out positive RT-PCR test results were excluded. 

The remaining eligible articles were further 
analyzed. q

RESULTS

Based on our search criteria, 1 350 articles 
were identified and pre-selected for detailed 

analysis. Of these, retracted papers, editorials, 
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reviews or commentaries that did not meet our 
criteria were removed. A total of 120 articles 
were selected according to the above-mentioned 
inclusion criteria, out of which 46 were excluded 
based on their titles and abstracts as some of 
them were duplicates, their topics were outside 
the scope of the present study and some articles 
were not in English. Figure 1 is a schematic re-
presentation of our search, showing the inclusion 
and exclusion criteria used to select only relevant 
articles. A final list of 52 published articles was 
retrieved and analyzed.

The present review included case series, sci-
entific papers, published articles, peer-reviewed 
articles, altogether describing a total of 3 316 pe-
diatric patients (N=3 316) with COVID-19. 
Figure 2 shows the proportions of each selected 
study category.

All children included in our study had positive 
results with SARS-CoV-2 RT-PCR (reverse trans-
cription-polymerase chain reaction). 

Pathogenesis of COVID-19 in children 

SARS-CoV-2 is an enveloped single stranded 
RNA virus that utilizes angiotensin converting en-
zyme 2 receptors (ACE2) as its cell surface recep-
tor (12-14). The ACE2 receptors are expressed in 
epithelial cells in human lungs and also in the 
intestines, kidney and bladder (15). CD-147 and 
the 78 kDa glucose regulated protein (GRP78) 
are other newly described cell surface receptors 
of SARS-CoV-2 for their cellular entry (16, 17). 

It has been found that ACE2 receptors were 
expressed by the epithelial cells of the gastroin-
testinal tract, suggesting the virus entry through 
ACE2 receptors and its replication causing gas-
trointestinal symptoms. The cardiovascular sys-
tem is also involved in COVID-19, which may 
explain the increased level of biomarkers such as 
troponin-T and natriuretic peptides (17, 18).

Transmission of COVID-19

SARS-CoV-2 is transmitted from person to person 
through respiratory droplets and aerosols from an 
infected person's cough or sneeze and respiratory 
secretions, which occurs through exposure of the 
host's mucosal surfaces such as eyes, nose and 
mouth. Transmission of COVID -19 in children is 
the result of a child's exposure to a COVID posi-
tive adult (19). Transmission to newborns through 
infected mothers is known, but vertical transmis-
sion is not documented yet (20). A large propor-
tion of children are asymptomatic and may act as 
carriers contributing to transmission (21). A study 
by Cai et al identified the first case of pediatric 
COVID-19 and suggested that children as a source 
of adult infection (22). According to the existing 
data, 56% (n/N= 1 039/1 856) of infected chil-
dren were clearly shown to have acquired the 
infection after family gatherings. Airborne trans-
mission of COVID-19 has been a matter of de-
bate. In exceptional cases, it can occur during 
medical procedures that generate aerosols (18). 

PathoPhysiology of CoViD-19 in ChilDren

FIGURE 1. Prisma flow diagram showing a schematic representation 
of article search and exclusion and inclusion criteria 

FIGURE 2. The proportions of each selected study category included 
in the present review
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In adults, the incubation period is five days, but 
in some cases it can be as long as 14 days (16), 
during which the infected individuals can act as 
carriers and transmit the virus to healthy individ-
uals. Current studies show that the incubation 
period in children varies from 1 to 14 days (21), 
with a mean incubation period of 6.5 days, 
which is longer than in adults.

Age and sex distribution characteristics of 
COVID-19 in children  

Children of all ages can be infected with 
COVID-19, with more cases being reported 
among younger children and infants. Among 
COVID positive children, where gender distribu-
tion in the study sample was available, we found 
that 58% (n/N= 394/680) of infected children 
were males and 42% (285/680) females. Studies 
reported that COVID had a higher incidence in 
males than females. The youngest of all children 
diagnosed with COVID was one day old, while 
the oldest was 17 years old (22). The median age 
of infection in children was found to be 
6-7 years. q

DISCUSSION

Data showed that, in India, less than 12% of all 
COVID-19 patients were children, who ge-

nerally developed mild illness (5-7). Until now, 
children have been relatively spared from serious 
disease and poor outcomes. They were generally 
asymptomatic or showed mild symptoms (6, 23), 
presented with fever, cough and fatigue, some-
times accompanied by few other symptoms of 
the upper respiratory tract infection such as nasal 
congestion and rhinorrhea. Some children may 
experience gastrointestinal symptoms, including 
abdominal pain, diarrhea, nausea and vo-
miting (23). 

In our review, we found that 41.6% 
(n/N = 1 379/3 316) of the total pediatric cases 
who tested positive for COVID-19 were asymp-
tomatic and they were identified by contact tra-
cing from exposure to COVID-19 positive pa-
tients. Chang et al (45) reported that there were 
higher rates of asymptomatic and mild cases of 
COVID-19 in children. Recent evidence sugges-
ted there were no differences between asymp-
tomatic and symptomatic patients in terms of vi-
ral load, meaning that the asymptomatic ones 

could be a potential source of COVID-19 (24-26). 
Therefore, more efforts should be made to 
screen children for COVID-19 as they can be car-
riers of SARS-CoV-2.

We found that 26.4% (n/N= 875/3 316) of the 
total number of cases had mild symptoms. 
Among children with mild symptoms, 20% pa-
tients recovered following mild flu-like illness 
without progressing to a critical phase. Ludvigsson 
reported that children had milder symptoms, a 
better prognosis and lower mortality than adults 
(2). In a study conducted by Gupta N et al on the 
clinical features and epidemiological characteris-
tics of 21 patients from New Delhi, India, pa-
tients had mild illness, except for one subject 
with lung consolidation, who required inhalation 
of oxygen (27). A retrospective study by Fang 
Zeng et al (28) showed that the majority of in-
fected children had mild symptoms and upper 
respiratory tract infection. The authors classified 
the study participants according to disease seve-
rity into asymptomatic infection (no clinical signs 
and symptoms), mild disease (with typical signs 
of respiratory tract infection such as cough, fever, 
rhinorrhea, sneezing, and fatigue), moderate di-
sease (with typical signs and symptoms of pneu-
monia), severe disease (with signs of respiratory 
distress), and critical disease (characterized by 
progression to ARDS or respiratory failure).

Out of all cases, 27.1% (n/N = 898/3 316) had 
moderate disease and only 4.9% (n/N = 162/3316) 
severe disease. In a study done by Dong et al, the 
proportion of critical and severe cases was 
10.6%, 7.3%, 4.2%, 4.1% and 3% in subjects aged 
less than one year, between 1-5 years, 6-10 years 
and 11-15 years, respectively (27). These findings 
suggested that, in children with COVID-19, clini-
cal manifestations were less severe and had a 
milder course compared to adults, and the pro-
portion of severe cases decreased with age. The 
reduced number of symptomatic cases makes it 
challenging to diagnose and control the infection 
among children. 

Our literature search revealed that fever was 
the most common symptom in children, with a 
mean duration of three days, indicating that the 
illness lasted for a shorter period compared to 
10 days in adults. Cough was the second most 
common symptom in pediatric patients. Other 
presenting symptoms included sore throat/pha-
ryngitis in 12.5% (n/N = 414/3 316) of children, 
nasal congestion in 11% (n/N = 364/3 316), dysp-
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nea in 17.25% (n/N = 572/3 316), vomiting in 
29.7% (n/N=984/3 316), and  diarrhoea in 18.5% 
(n/N = 613/3 316); only 5% (n/N = 166/3 316) of 
children had fatigue. We found that children un-
der seven years of age presented with vomiting 
and diarrhea along with fever more than older 
children (23), which was supported by the fin-
dings of Chang et al, who reported that diarrhea 
and vomiting through gastrointestinal involve-
ment were the most common symptoms in chil-
dren (28). Dermatological lesions have been also 
registered as clinical manifestations in children. 
While anosmia and ageusia were described as 
early symptoms of COVID-19 in adults, they 
were not found in any of the children in our 
study. The authors have also observed that chil-
dren with COVID-19 did not require antibiotic 
and antiviral treatment with remdesivir or ste-
roids. This analysis indicated that fever and cough 
were the most frequent clinical manifestations in 
children with COVID-19.

Co-infections with other respiratory viruses, 
bacteria and fungi were observed in a smaller 
proportion of children with COVID-19, i.e, 5.6% 
(n/N = 185/3 316) (29). 

Data regarding other laboratory markers of 
COVID-19 positive children were rare, with leu-
copenia and leukocytosis being the most preva-
lent laboratory findings. Lymphopenia and CRP 
elevation are less common in children than adults 
with COVID-19s. Thus, CRP levels were found to 
be raised in 26% (n/N = 862/3 316) of children. 
Laboratory results indicated lymphopenia in 8% 
of the infected children. Data on non-specific in-
flammatory markers, including CRP, D-dimer, 
creatine kinase, and interleukin-6, were scarce. 
A single study with a small sample of only 20 chil-
dren reported elevated procalcitonin levels in 
80% of cases (n/N = 16/20) (30). In contrast, few 
studies (31-34) reported that 69.2% (n/N = 41/59) 
of children had normal leucocyte counts and 
31.8 % (19/59) neutrophilia. Han et al found ab-
normal coagulation functions in infected pedia-
tric patients and a median incubation period of 
five days (35). In another study, Jain et al reported 
that disease progression was associated with an 
increase in inflammatory markers such as D-di-
mer, IL-6 and troponin levels (36). Su et al de-
tected elevated CK-MB levels in six children with 
COVID-19, which suggested that SARS-CoV-2 
might have caused heart injury (37). The main 
mechanisms of SARS-CoV-2 induced myocardial 

injury may include direct injury by the virus, in-
flammatory cytokine storm and distribution of 
ACE2 receptors in heart (36).

Only few chest CT findings are available in 
children and most of show mild injury (37). Five 
studies included in the review described the CT 
findings in which Patchy consolidation and 
ground glass opacities were present in 29% of 
children (n/N = 47/162). 

Comorbidities were rarely found in only 1.2 % 
(n/N = 40/3 316). Children with previous history 
of congenital diseases or acquired diseases may 
be more susceptible to COVID-19 infec-
tion (29, 30, 38). In hospitalized children with 
COVID-19, the mortality rate was 0.09% 
(n/N = 29/3 316).

However, atypical presentations such as mul-
tisystem inflammatory syndrome (MIS-C) was 
found in 0.15% of hospital admitted COVID-19 
positive children (n/N = 186/2 306) in Europe 
and USA, which resembled Kawasaki disease. 
These children with fever, vomiting and abdomi-
nal pain at presentation developed cardiovascu-
lar manifestations and other atypical manifesta-
tions, including hypotension, myocarditis, 
pericardial effusion, and received treatment for 
MIS-C (39). Cardiac manifestations were pre-
dominant in MIS-C; reduced ejection fraction 
was the most common cardiac abnormality and 
it was associated with elevated troponin levels. 
Multisystem inflammatory syndrome is believed 
to be associated with post-infectious inflamma-
tory process related to COVID-19 (40). A more 
concerning finding is that even asymptomatic 
children could develop MIS-C. The literature 
supports the fact that typically, MIS-C manifests 
3-4 weeks after SARS-CoV-2 (40, 41). The under-
lying factors for some children's predisposition to 
MIS-C are unknown and more research is re-
quired to understand why some children are 
more susceptible for developing MIS-C. With 
early recognition and prompt medical treatment, 
most children with MIS-C survive, but long-term 
outcomes of this condition are not known.

Why children with COVID-19 have only  
mild illness?

Multiple reports demonstrated that children had 
a milder form of the disease compared to adults. 
Asymptomatic, mild and moderate infections 
comprise over 90% of all cases in children who 

PathoPhysiology of CoViD-19 in ChilDren
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tested positive for COVID-19 (32). With an im-
mature immune system, children in general are 
more severely affected by respiratory viruses 
such as influenza and respiratory syncytial virus 
than adults. On the contrary, the relative sparing 
of children and mild nature of COVID-19 in them 
have perturbed the epidemiologists, clinicians 
and scientists throughout the world (42). Cu-
rrently, there are no clear answers to this; so, 
only theories and hypotheses have been put for-
ward to explain the mild nature of COVID-19 in 
children, which are described below.

Decreased generation of thrombin and  
fibrin formation

Children may have a low risk of COVID-19 asso-
ciated acute respiratory distress syndrome 
(ARDS) due to decreased generation of thrombin 
and fibrin formation (43).

 
Angiotensin-converting enzyme 2 and  
renin angiotensin system 

Angiotensin-converting enzyme 2 (ACE2) is a 
regulatory enzyme of the renin angiotensin sys-
tem (RAS), which acts by converting angioten-
sin-2 to angiotensin 1-7. After entering pneumo-
cytes, SARS-CoV-2 downregulates ACE2 
ex pression, decreasing angiotensin-2 metabolism 
(44). Angiotensin-2 levels have been found to be 
increased in COVID-19 patients compared to 
healthy adults. The proposed hypothesis is that 
the cellular expression of the ACE2 receptor and 
the binding between the receptor and the spike 
protein (S) of the virus may be different in chil-
dren compared to adults (22), which may be re-
sponsible for mild illness in children. 

Effects of lung development

Good regenerative capacity could explain the 
overall less severity and early recovery of 
COVID-19 in children compared to adults. Due 
to a greater upper airway resistance in children, 
aerosol particles deposit more in tracheobron-
chial tree than alveoli. This could lead to more 
bronchiolitis-like infections and less pneumonia 
with SARS-CoV-2 infection in children (35, 43). 
From a physiological point of view, a higher fre-
quency of ciliary beating of epithelial cells of 
lungs in children might hinder the virus entry into 
lung pneumocytes (45).

Differences in immune system between adults 
and children

The immune system varies with age both in terms 
of constitution and function, particularly during 
the phenomenon of immunosenescence, which 
is defined as a gradual deterioration of the im-
mune function associated with the natural ageing 
process (46). Immunosenescence due to thymic 
involution is associated with gradual decrease in 
T cell count and activity. In children, as thymic 
activity is increased, T cell count and activity is 
also greater, which is providing protection against 
viral infection (47). Children have an immature 
and not fully developed immune system, which 
may explain why they are not mounting an in-
tense inflammatory response and therefore, the 
host-mediated damage is limited. There is a de-
cline in the number of T cells with age as a result 
of thymus atrophy, which may account for the 
mild form of the disease in children. 

Innate immunity in children

Innate immune responses, which act as first line 
of defense, seems to play an important role in 
reducing the viral infection in children. These 
res ponses are mediated by the production of 
type 1 interferons, which play a role in blocking 
the replication of the virus in early stages of in-
fection (46, 47). In addition, the function of ma-
crophages, neutrophils, natural killer cells and 
even T lymphocytes becomes impaired with age, 
which can lead to severe manifestations in adults. 
Maternal antibodies protecting neonates and 
young infants are unlikely to act against novel vi-
ruses like SARS-CoV-2 (48).

Trained immunity

Trained immunity is the functional reprogram-
ming of innate immune cells to a more activated 
state following initial antigen stimulation through 
metabolic reprogramming and epigenetic chan-
ges (acetylation and demethylation leading to en-
hanced transcription of IL-1beta, IL-6 and 
TNF-alpha genes). It can affect progenitor cells of 
myeloid and monocyte cell lines as well as local 
cells such as lung macrophages and dendritic 
cells (49). Children receive several doses of dif-
ferent vaccines as part of the universal immuni-
zation programme and it has been observed that 
in developing countries like India, with routine 
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The BCG vaccine, they have less COVID-19 re-
lated morbidity and mortality (50). BCG vaccine 
might influence the innate and T cell immunity 
by epigenetic reprogramming of immune cells 
and by altering cytokine responses (51). 

It is proposed that, following BCG vaccina-
tion, there is an enhanced pattern recognition of 
receptors expression in monocytes and elevation 
of Th1 and Th17 immune response to non-myco-
bacterial stimulation up to one year of vaccina-
tion (52). The BCG vaccine has been associated 
with a decrease in acute upper respiratory tract 
infection in elders and decreased mortality in 
children aged under five years (53). Trained im-
munity due to routine live vaccines and frequent 
viral infections could be an important protective 
mechanism against SARS-CoV-2 infection in chil-
dren. Cross reactive antibodies targeting the 
highly conserved domain of SARS-CoV-1 showed 
a low affinity for SARS-CoV-2 (54). Cross protec-
tion by antibodies generated following measles 
vaccination and cell mediated immune response 
generated by BCG vaccination needs evaluation.

Role of co-infections

The lack of co-infections and co-morbidities, 
such as diabetes, hypertension and chronic lung 
and heart disease, and less exposure to particu-
late matter and pollutants provides protection to 
children's lungs and airways. q

CONCLUSION

Our review showed that children appeared to 
be largely spared from severe symptoms of 

the disease, which generally had a milder course, 
better prognosis and less impact of mortality 
compared to adults. Although children might not 
be the face of this pandemic, special attention 
should be given to them as they risk being among 
the biggest victims. Additional care may be 
needed for children with comorbidities. They 
might be impending carriers of virus and transmit 
the disease to adults with whom they are in close 
contact. Therefore, being aware of the clinical 
presentations in children will be helpful for early 
clinical diagnosis and treatment approach of 
COVID-19 in the pediatric population. 

It is also useful to discuss the age-specific pat-
tern of coronavirus infection more accurately. 
Life-saving health services and complete vaccina-
tion of children could protect them from serious 
risk of COVID-19 and may be useful to control 
the expected third and fourth waves of the pan-
demic, which are anticipated to have a dispro-
portionately high burden in the pediatric popu-
lation. q
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