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Abstract 

In December 2019, a novel coronavirus, now named as SARS-CoV-2, caused a series of acute 

atypical respiratory diseases in Wuhan, Hubei Province, China. The disease caused by this virus 

was termed COVID-19. The virus is transmittable between humans and has caused pandemic 

worldwide. The number of death tolls continues to rise and a large number of countries have 

been forced to do social distancing and lockdown. Lack of targeted therapy continues to be a 

problem. Epidemiological studies showed that elder patients were more susceptible to severe 

diseases, while children tend to have milder symptoms. Here we reviewed the current 

knowledge about this disease and considered the potential explanation of the different 

symptomatology between children and adults. 

Introduction 

In December 2019, a series of acute atypical respiratory disease occurred in Wuhan, China. This 

rapidly spread from Wuhan to other areas. It was soon discovered that a novel coronavirus was 

responsible. The novel coronavirus was named as the severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2, 2019-nCoV) due to its high homology (~80%) to SARS-CoV, which 

caused acute respiratory distress syndrome (ARDS) and high mortality during 2002-2003 (1). 

The outbreak of SARS-CoV-2 was considered to have originally started via a zoonotic 

transmission associated with the seafood market in Wuhan, China. Later it was recognized that 

human to human transmission played a major role in the subsequent outbreak (2). The disease 
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caused by this virus was called Coronavirus disease 19 (COVID-19) and a pandemic was declared 

by the World Health Organization (WHO). COVID-19 has been impacting a large number of 

people worldwide, being reported in approximately 200 countries and territories (3, 4). As of 

April 7th, 2020, around 1,400,000 cases worldwide have been reported according to the Center 

for Systems Science and Engineering (CSSE) at John Hopkins University (5). 

SARS-CoV-2 virus primarily affects the respiratory system, although other organ systems are 

also involved. Lower respiratory tract infection related symptoms including fever, dry cough 

and dyspnea were reported in the initial case series from Wuhan, China (6). In addition, 

headache, dizziness, generalized weakness, vomiting and diarrhea were observed (7). It is now 

widely recognized that respiratory symptoms of COVID-19 are extremely heterogeneous, 

ranging from minimal symptoms to significant hypoxia with ARDS. In the report from Wuhan 

mentioned above, the time between the onset of symptoms and the development of ARDS was 

as short as 9 days, suggesting that the respiratory symptoms could progress rapidly (6). This 

disease could be also fatal. A growing number of patients with severe diseases have continued 

to succumb worldwide. Epidemiological studies have shown that mortalities are high in elder 

population (8) and the incidence is much lower in children (9, 10). Current medical 

management is largely supportive with no targeted therapy available. Several drugs including 

lopinavir-ritonavir, remdesivir, hydroxychloroquine, and azithromycin have been tested in 

clinical trials (8, 11, 12), but none of them have been proven to be a definite therapy yet. More 

therapies are being tested in clinical trials. A large number of countries have implemented 

social distancing and lockdown to mitigate further spread of the virus. Here we will review our 

current knowledge of COVID-19 and consider the underlying mechanism to explain the 
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heterogeneous symptomatology, particularly focusing on the difference between children and 

adult patients. 

Epidemiological data of COVID-19 

A large number of studies so far are reports based on experiences in China. At the beginning of 

the outbreak, COVID-19 cases were mostly observed among elderly people (13). As the 

outbreak continued, the number of cases among people aged 65 years and older increased 

further, but also some increase among children (< 18 years) was observed. The number of male 

patients was higher initially, but no significant gender difference was observed as case number 

increased. The mean incubation period was 5.2 days. The combined case-fatality rate was 2.3% 

(14, 15). The risk factors of in-hospital death were studied using the data of two hospitals in 

Wuhan. Older age, higher sequential organ failure assessment (SOFA) score and d-dimer > 1 

µg/mL on admission were shown to be risk factors in the multi-variable analysis (8). In the 

univariable analysis, the presence of coronary artery disease, diabetes and hypertension was 

also considered to be risk factors. The study of 85 fatal COVID-19 patients with median age of 

65 years in Wuhan showed that the majority of patients died from multi-organ failure as 

respiratory failure, shock, and ARDS were seen in 94%, 81%, and 74% of cases, respectively (16). 

As in line with the high prevalence of multi-organ failure, high d-dimer levels, fibrinogen and 

prolonged thrombin time were seen in severe diseases (17). 

Following the outbreak in China, SARS-CoV-2 has spread worldwide. As of early April, 2020, the 

reported number of COVID-19 patients is highest in the U.S., followed by Spain, Italy, Germany, 

France and China. Italy was significantly affected after the outbreak of China. Fatality rate was 

also higher in elder population as in Chinese series. The report from Italy showed the case-
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fatality rate of 7.2% (15, 18), which was three times as high as the one in China. Although the 

case-fatality rate of patients aged 70 years or older was higher in Italy, it was very similar 

between age 0 and 69 years in both countries. As 23% of Italian was aged 65 years or older, the 

high case-fatality in Italy was somewhat explained by the demographic characteristics. The data 

from US and other countries is available in the number of resources (5, 19). We expect to learn 

experiences more from individual countries in the forthcoming future. 

From the beginning of this outbreak, the percentage of children within the total COVID-19 

patients was small. According to the data of the Chinese Center for Disease Control and 

Prevention (China CDC) from February 2020, children younger than 10 years of age and within 

the age of 11-19 years occupied 1% each of the total cases (14). Considering this age group 

represents 20% of the total population, this may indicate less prevalence of COVID-19 in 

pediatric population. However, this may be underestimation of actual incidence in pediatric 

population if less tests were undertaken in children due to less symptoms. One confounding 

factor is that schools in China were closed for most of the epidemic due to the Chinese New 

Year holidays, which might have contributed to less exposure among children. In the report of 

2134 pediatric patients with COVID-19 from the China CDC, 4.4%, 50.9%, 38.8%, and 5.9% of 

patients were diagnosed as asymptomatic, mild, moderate, or severe, respectively (20). The 

definition of asymptomatic, mild, moderate, severe and critical is summarized in Table 1. In 

contrast, 18.5% of adult patients had severe diseases (20). Infants were most vulnerable to 

severe type of infection; the proportion of severe and critical cases was 10.6%, 7.3%, 4.2%, 

4.1% and 3.0% for the age group of <1, 1-5, 6-10, 11-15 and >= 16 years, respectively. The case-

fatality rate of age group 0-9 and 10-19 was 0% each. In Italy, COVID-19 patients of age 8-18 
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years occupied only 1.2% (18). The case-fatality rate of age group 0-9 and 10-19 was 0% and 

0.2%, respectively, which was similar to Chinese experience. In the data from the Korean CDC 

on late March, 6.3% of all cases tested positive for COVID-19 were children under 19 years of 

age (21). On April 6, 2020, the US CDC released the study of 2,572 COVID-19 cases among 

children younger than 18 years (22). Of all reported cases in the US, this occupied only 1.7% of 

the total cases, even though this age group makes up 22% of US population. Overall, the data 

suggested that children were less symptomatic than adults as in Chinese reports. Among the 

children for whom complete information was available, only 73% developed fever, cough, or 

shortness of breath. That's compared to 93% of adults reported in the same time frame, 

between the ages of 18 and 64 years. The estimated hospitalization rate for children aged 1 to 

17 was 14% at most (22). In contrast, infant accounted for the highest percentage of 

hospitalization (15-62%), which was again similar to the data from Chinese CDC. Despite the 

overall favorable outcome for pediatric population, a number of deaths have been reported in 

US and other countries, and further information needs to be obtained. 

Regarding the severity of COVID-19, there is a growing interest in the relationship between the 

severity of disease and gender. Although the Chinese series showed equal number of cases 

between males and females, the data suggested that more men than women suffered from 

severe disease and died (23, 24). The data from other countries demonstrated similar results 

(25). Adverse outcomes of COVID-19 were associated with comorbidities, including 

hypertension, cardiovascular disease, and lung disease. These conditions are more prevalent in 

men and linked to smoking and drinking alcohol (25). Sex-based immunological differences 

were pointed out as another potential explanation (13). In addition, the study to examine 
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factors influencing the adoption of protective behaviors, specifically within the context of 

pandemics, found that women were about 50% more likely to practice non-pharmaceutical 

behaviors, suchg as hand washing, face mask use and avoiding crowds compared to men (26), 

which may be in part responsible. 

Mechanism of SARS-CoV-2 invasion into host cells 

Coronaviruses are enveloped, positive-sense, single-stranded RNA viruses of ~30 kb. They infect 

a wide variety of host species (27). They are largely divided into four genera; α, β, γ, and δ 

based on their genomic structure. α and β coronaviruses infect only mammals (28). Human 

coronaviruses such as 229E and NL63 are responsible for common cold and croup and belong to 

α coronavirus. In contrast, SARS-CoV, Middle East respiratory syndrome coronavirus (MERS-

CoV) and SARS-CoV-2 are classified to β coronaviruses. 

The life cycle of the virus with the host consists of the following 5 steps: attachment, 

penetration, biosynthesis, maturation and release. Once viruses bind to host receptors 

(attachment), they enter host cells through endocytosis or membrane fusion (penetration). 

Once viral contents are released inside the host cells, viral RNA enters the nucleus for 

replication. Viral mRNA is used to make viral proteins  (biosynthesis). Then, new viral particles 

are made (maturation) and released. Coronaviruses consist of four structural proteins; Spike (S), 

membrane (M), envelop (E) and nucleocapsid (N) (29). Spike is composed of a transmembrane 

trimetric glycoprotein protruding from the viral surface, which determines the diversity of 

coronaviruses and host tropism. Spike comprises two functional subunits; S1 subunit is 

responsible for binding to the host cell receptor and S2 subunit is for the fusion of the viral and 

cellular membranes. Angiotensin converting enzyme 2 (ACE2) was identified as a functional 
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receptor for SARS-CoV (30). Structural and functional analysis showed that the spike for SARS-

CoV-2 also bound to ACE2(31-33). ACE2 expression was high in lung, heart, ileum, kidney and 

bladder (34). In lung, ACE2 was highly expressed on lung epithelial cells. Whether or not SARS-

CoV-2 binds to an additional target needs further investigation. Following the binding of SARS-

CoV-2 to the host protein, the spike protein undergoes protease cleavage. A two-step 

sequential protease cleavage to activate spike protein of SARS-CoV and MERS-CoV was 

proposed as a model, consisting of cleavage at the S1/S2 cleavage site for priming and a 

cleavage for activation at the S’2 site, a position adjacent to a fusion peptide within the S2 

subunit (35-37). After the cleavage at the S1/S2 cleavage site, S1 and S2 subunits remain non-

covalently bound and the distal S1 subunit contributes to the stabilization of the membrane-

anchored S2 subunit at the prefusion state (32). Subsequent cleavage at the S’2 site presumably 

activates the spike for membrane fusion via irreversible, conformational changes. The 

coronavirus spike is unusual among viruses because a range of different proteases can cleave 

and activate it (38). The characteristics unique to SARS-CoV-2 among coronaviruses is the 

existence of furin cleavage site (“RPPA” sequence) at the S1/S2 site. The S1/S2 site of SARS-

CoV-2 was entirely subjected to cleavage during biosynthesis  in a drastic contrast to SARS-CoV 

spike, which was incorporated into assembly without cleavage (32). Although the S1/S2 site was 

also subjected to cleavage by other proteases such as transmembrane protease serine 2 

(TMPRSS2) and cathepsin L (37, 39), the ubiquitous expression of furin likely makes this virus 

very pathogenic. 

Host response to SARS-CoV-2 
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The symptom of patients infected with SARS-CoV-2 ranges from minimal symptoms to severe 

respiratory failure with multiple organ failure. On Computerized tomography (CT) scan, the 

characteristic pulmonary ground glass opacification can be seen even in asymptomatic patients 

(40). Because ACE2 is highly expressed on the apical side of lung epithelial cells in the alveolar 

space (41, 42), this virus can likely enter and destroy them. This matches with the fact that the 

early lung injury was often seen in the distal airway. Epithelial cells, alveolar macrophages and 

dendritic cells (DCs) are three main components for innate immunity in the airway (43). DCs 

reside underneath the epithelium. Macrophages are located at the apical side of the epithelium. 

DCs and macrophages serve as innate immune cells to fight against virus es till adaptive 

immunity is involved. 

T cell mediated responses against coronaviruses have been previously reviewed (27). T cell 

responses are initiated by antigen presentation via DCs and macrophages. How does SARS-CoV-

2 enter APCs? DCs and macrophages can phagocytize apoptotic cells infected by virus (44). For 

example, virus-infected apoptotic epithelial cells can be phagocytized by DCs and macrophages, 

which leads to antigen presentation to T cells. Or DCs and macrophages may be infected with 

virus primarily? Based on the Immunological Genome database (http://rstats.immgen.org), the 

expression of ACE2 on (splenic) dendritic cells and alveolar macrophages is present but limited 

(Fig. 1). Determining whether or not SARS-CoV-2 uses another protein to bind to APCs helps to 

answer this question. SARS-CoV can also bind to dendritic-cell specific intercellular adhesion 

molecule-3-grabbing nonintegrin (DC-SIGN) and DC-SIGN-related protein (DC-SIGNR, L-SIGN) in 

addition to ACE2 (45-47). DC-SIGN is highly expressed on dendritic cells and macrophages. 

Another target for SARS-CoV-2, if any, can help the virus to directly infect DCs and alveolar 
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 10 

macrophages. This needs future research. These antigen presenting cells move to the draining 

lymph nodes to present viral antigens to T cells. CD4+ and CD8+ T cells play a critical role. CD4+ T 

cells activate B cells to promote the production of virus-specific antibody, while CD8+ T cells can 

kill viral infected cells. 

Immunological studies were mainly reported in severe COVID-19 patients. Patients with severe 

diseases showed lymphopenia, particularly the reduction in peripheral blood T cells (48, 49). 

Patients with severe diseases were reported to have increased plasma concentrations of 

proinflammatory cytokines, including interleukin (IL)-6, IL-10, granulocyte-colony stimulating 

factor (G-CSF), monocyte chemoattractant protein 1 (MCP1), macrophage inflammatory protein 

(MIP)1α, and tumor necrosis factor (TNF)-α (6, 48, 49). The more severe conditions patients 

were in, the higher their IL-6 levels were. CD4+ and CD8+ T cells were activated in those patients 

as suggested by higher expression of CD69, CD38 and CD44. Higher percentage of checkpoint 

receptor Tm3+PD-1+ subsets in CD4+ and CD8+ T cells showed that T cells were also exhausted. 

NK group 2 member A (NKG2A), another marker for exhaustion was elevated on CD8+ T cells (3). 

Exhaustion of T cells could have led to the progression of the disease. Another interesting 

finding was that aberrant pathogenic CD4+ T cells with co-expressing interferon (IFN)-γ and 

granulocyte-macrophage colony-stimulating factor (GM-CSF) were seen in COVID-19 patients 

with severe disease (48). GM-CSF production from T cells has been previously reported as a 

response to virus infection. GM-CSF can help to differentiate innate immune cells and augment 

T cell function, but it can initiate tissue damage at excess (50, 51). GM-CSF+IFN-γ+ CD4+ T cells 

were previously seen upon strong T cell receptor (TCR) responses in experimental autoimmune 

encephalomyelitis (EAE) models, where CD8+ T cells expressing GM-CSF were found at higher 
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percentage and secreted IL-6. It is worth mentioning that these immunological studies were 

exclusively reported from adult patients. Immunological responses in pediatric population 

needs to be examined. 

The study of SARS-CoV showed that virus infected lung epithelial cells produced IL-8 in addition 

to IL-6 (43). IL-8 is a well-known chemoattractant for neutrophils and T cells. Infiltration of a 

large number of inflammatory cells were observed in the lungs from severe COVID-19 patients 

(52, 53), and these cells presumably consist of a constellation of innate immune cells and 

adaptive immune cells. Among innate immune cells, we expect the majority to be neutrophils . 

Neutrophils can act as double-edged sword as neutrophils can induce lung injury (54-56). The 

majority of the observed infiltrating adaptive immune cells were likely T cells, considering that 

the significant reduction in circulating T cells  was reported. CD8+ T cells are primary cytotoxic T 

cells. Severe patients also showed pathological cytotoxic T cells derived from CD4+ T cells (57). 

These cytotoxic T cells can kill virus but also contribute to lung injury(58). Circulating monocytes 

respond to GM-CSF released by these pathological T cells. CD14+CD16+ inflammatory monocyte 

subsets, which seldom exist in healthy controls and were also found at significantly higher 

percentage in COVID-19 patients. These inflammatory CD14+CD16+ monocytes had high 

expression of IL-6, which likely accelerated the progression of systemic inflammatory response. 

An interesting note is that ACE2 was significantly expressed on innate lymphoid cells (ILC)2 and 

ILC3 (Fig. 1). NK cells are a member of ILC1, which constitute a large portion of ILCs in the lung 

(~95%). ILC2 and ILC3 work for mucous homeostasis. So far there is a very limited study of ILC2 

and ILC3 in coronavirus infection. 
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In addition, respiratory symptom, thrombosis and pulmonary embolism have been observed in 

severe diseases. This is in line with the finding that elevated d-dimer and fibrinogen levels were 

observed in severe diseases. The function of the endothelium includes promotion of 

vasodilation, fibrinolysis, and anti-aggregation. Because endothelium plays a significant role in 

thrombotic regulation (59), hypercoagulable profiles seen in severe diseases likely indicate 

significant endothelial injury. Endothelial cells also express ACE2 (60, 61). Of note, the 

endothelial cells represent the one third of lung cells  (62). Microvascular permeability as a 

result of the endothelial injury can facilitate viral invasion., and they may contribute 

Potential explanation for the difference between children and adults in COVID-19 

Infants and young children are typically at high risk for admission to hospitals due to respiratory 

tract infection with viruses as respiratory syncytial virus and influenza virus. In contrast, 

pediatric COVID-19 patients have relatively milder symptoms in general compared to elder 

patients. The reason for this difference between children and adults remains elusive. Because 

the recent report suggested the correlation between the severity of COVID-19 and the amount 

of viral loads (or the duration of virus-shedding period) (63), children may have less virus loads 

even if they get COVID-19. In this line, a couple of hypotheses can be considered. 

The first possibility is that the expression level of ACE2 may differ between adults and children. 

A previous study showed that ACE2 was more abundantly expressed on well-differentiated 

ciliated epithelial cells (42). Human lung and epithelial cells continue to develop following the 

birth. ACE2 expression may be lower in pediatric population. From the lung gene expression 

analysis portal (https://research.cchmc.org/pbge/lunggens/mainportal.html), ACE2 expression 

in mice increased around at birth (Fig. 2). Its expression reduced till around P10, then increased. 
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Because infants were susceptible to severe disease among children, this pattern may be in line 

with patients’ clinical picture. In addition, gender may also affect ACE2 expression. ACE2 gene is 

located on the X-chromosome. Circulating ACE2 levels are higher in men than in women (64). 

This may be in part responsible for the difference in severity and mortality between men and 

women both in the adult and the pediatric population (22-24). 

The second possibility is that children have a qualitatively different response to the SARS-CoV-2 

virus to adults. With ageing, continuous antigen stimulation and thymic involution leads to a 

shift in T cell subset distribution from naïve T cells to central memory T cells, effector T cells and 

effector memory T cells (65). This process is accompanied by the loss of expression of co-

stimulatory molecules such as CD27 and CD28, with increased susceptibility to infections  (66). 

Whether the appearance of pathological T cells in adult patients with severe COVID-19 diseases 

is due to the compensation for this fundamental aging process or not is unclear. At the early 

stage after birth, CD4+ T cells are impaired in production of Th1 associated proinflammatory 

cytokines and skewed toward Th2 (67). CD8+ T cells reduced expression of cytotoxic and 

inflammatory mediators. Less killing ability by T cells at early stage after birth may explain 

susceptibility to SARS-CoV-2 in infants. The study comparing aged and young macaques 

infected with SARS-CoV showed that aged macaques had more robust proinflammatory 

responses with worse lung pathology (68). A similar result was reported using aged and young 

mice infected with SARS-CoV (69).Severe COVID-19 infection is characterized by a massive 

proinflammatory response or cytokine storm that results in ARDS and multi -organ dysfunction 

(MODS). It has been also suggested that inflammatory responses in adults and children are 

much different (70). Ageing is associated with increasing proinflammatory cytokines that 
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govern neutrophil functions and have been correlated with the severity of ARDS. So far there is 

no animal model for SARS-CoV-2, but we expect to see a preclinical model in the future. 

The third possibility is that the simultaneous presence of other viruses in the mucosa lungs and 

airways, common in young children, can let SARS-CoV-2 virus compete with them and limit its 

growth (71). At this point, we do not have study testing various viruses along with SARS-CoV-2 

to determine this possibility. 

It is possible that a combination of these possibilities explains pediatric and adult COVID-19 

phenotypes. Understanding why children in general are less susceptible to severe COVID-19 

would help to design immunotherapy to eradicate this virus. 

Conclusions 

The pandemic by COVID-19 is a live issue affecting people worldwide. Without fundamental 

therapeutic interventions, current management is to reduce the virus spread and provide 

supportive care for diseased patients. There is an urgent need to develop targeted therapies. 

Understanding the difference in pediatric and adult responses to this virus may help to direct 

immune based therapeutics. 

Figure legends 

Figure 1. ACE expression on mouse immune cells 

ACE2 expression was examined in Immgen (http://rstats.immgen.org/Skyline/skyline.html). 

BM, bone marrow; Sp, Spleen; PC, peritoneal cavity; Th, thymus; LN, lymph node; SI, small 

intestine; Lu, lung; CNS, central nervous system; SLN, subcutaneous lymph node 

Figure 2. Age-dependent ACE2 expression profiles in the mouse lung 
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Using Lung Gene Expression Analysis Web Portal 

(https://research.cchmc.org/pbge/lunggens/mainportal.html), the expression of ACE2 was 

examined. This data was obtained from microarray experiments of three mice strains A/J mice, 

C57BL/6J mice and C3H/HeJ mice at different ages (72). X axis showed age and mouse strain, 

and y axis showed ACE2 expression level. M 

Table 1. Classification of COVID-19 patients 

Asymptomatic COVID nucleic acid test positive. Without any clinical symptoms and signs 

and the chest imaging is normal 

Mild Symptoms of acute upper respiratory tract infection (fever, fatigue, 

myalgia, cough, sore throat, runny nose, sneezing) or digestive 

symptoms (nausea, vomiting, abdominal pain, diarrhea) 

Moderate Pneumonia (frequent fever, cough) with no obvious hypoxemia, chest CT 

with lesions.  

Severe Pneumonia with hypoxemia (SpO2 < 92%) 

Critical Acute respiratory distress syndrome (ARDS), may have shock, 

encephalopathy, myocardial injury, heart failure, coagulation dysfunction 

and acute kidney injury. 
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Highlight 

 In general, children are less susceptible to severe CODIV-19 than elder patients. 
 Adult COVID-19 patients with severe diseases showed higher proinflammatory markers with 

the presence of pathological T cells. 
 There is a limited data of pediatric immune response to COVID-19, which will help to dissect 

the difference between children and adults. 
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