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Abstract

The novel coronavirus disease 2019 (COVID-19), which was first identified in Wuhan, China, in late 2019, has now spread around the
world. It significantly affects the lower respiratory tract, and pneumonia is always present in patients with the severe form of the
disease. Many studies have shown that the severity of COVID-19 is lower in pediatric populations. It is important to determine why
infants and young children are not severely affected by COVID-19. By increasing our awareness of this disease, we can prioritize our
limited health resources. Several theories have been proposed to explain such significant differences between the pediatric and
adult populations with COVID-19. Some of them are: (1) the role of angiotensin-converting enzyme 2 (ACE2); (2) cross-immunity
with other severe acute respiratory syndrome (SARS)-like viruses; (3) obtunded systemic inflammatory response in children; (4)
more efficient T cells in them; (5) interactions of SARS-Coronavirus-2 (SARS-CoV-2) with other viruses in the mucosa of the lungs and
airways; and (6) a hypothesis that COVID-19 proteins onslaught the heme on the β-1 chain of hemoglobin. The important thing to
keep in mind is that the asymptomatic and mildly symptomatic pediatrics are crucial in the spread of COVID-19.
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1. Context

The novel Coronavirus disease 2019 (COVID-19), which
was first identified in Wuhan, China, in late 2019, has
spread around the world. The World Health Organiza-
tion (WHO) declared this disease as pandemic on March
11, 2020 (1). COVID-19 significantly affects the lower respi-
ratory tract, and pneumonia is always present in patients
with the severe form of the disease (2). Human-to-human
transmission is the main route of transmission, which oc-
curs through aerosols, respiratory droplets, direct contact,
and fecal-oral transmission. So far, vertical transmission
of COVID-19 has not been confirmed; however, there are re-
ports of affected neonates born to COVID-19 mothers (3).

It is not clear whether infants and young children are
at a lower risk of severe COVID-19. To answer this question,
a literature search was carried out in Medline, PubMed, EM-
BASE, Scopus, and Web of Science databases. The following
terms and keywords were used in our searches: “COVID-
19 in children”; “comparison of the severity of COVID-19
in children and adults”; “clinical characteristics of COVID-
19”; “SARS-CoV infection”; and “immunopathogenesis of
COVID-19”. In this study, no ethical approval or patient con-
sent was required. The relevant papers with confirmed

cases of SARS-CoV-2 between January 1 and July 1, 2020, were
included in this study. Most of the studies had been con-
ducted in China.

Generally, the lifestyle of children is different from
adults. They do not have outdoor activities and do not
travel as much as adults; therefore, they are not at a high
risk of infection. These observations can explain the lower
frequency of COVID-19 in pediatric populations (4). Many
studies have shown that the severity of COVID-19 is lower in
newborns and pediatric populations, and the majority of
these cases are detected via screening tests of infected fam-
ilies (3). In March 2020, Jonas at the Karolinska Institutet in
Sweden reviewed 45 studies on COVID-19 among children
(mostly in China) and reported that children developed a
milder disease with a better prognosis and extremely low
mortality (1). Moreover, Rahimzadeh et al. (2019) reported
similar results in Iran (5).

In another study by Du et al. (2020) in China, a total of
67 patients with COVID-19 (53 adults and 14 children) were
examined, and a lower rate of clinical disease was found
among children (6). However, a few studies, including the
study by DeBiasi et al. (2020), yielded inconsistent results
(7). It is important to determine why infants and young
children are not severely affected by COVID-19. On the other
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hand, by increasing our awareness of this disease, we can
prioritize our limited health resources.

According to studies on pediatrics, some infectious dis-
eases, such as paralytic polio and rubella, are less severe in
children. Also, the mortality of severe respiratory distress
syndrome (SARS) is lower in children and adults younger
than 24 years (8). Generally, the immune system of chil-
dren and adults differs in terms of composition and func-
tional responsiveness (9). Overall, children have a health-
ier respiratory system and a more active innate immune
system than adults. They are less exposed to air pollutants,
and cigarette smoke compared to adults and have fewer
underlying diseases (8). Several theories have been pro-
posed to explain such significant differences between the
pediatric and adult populations with COVID-19, which are
discussed below.

2. Discussion

2.1. Role of Angiotensin-Converting Enzyme 2 (ACE2)

Differences in the distribution, maturation and func-
tioning of virus receptors can be a possible cause of the dif-
ference in the incidence of COVID-19 associated with age. In
humans, ACE2 is considered a receptor for SARS-CoV-2 and
human coronavirus NL63 (4, 10). The down-regulation of
ACE2 due to aging and ethnicity has been reported in ex-
periments on animal models and humans (3). In this re-
gard, Rawat et al. (2020) stated that ACE2 was less mature
in children; therefore, it could not act effectively as a recep-
tor for COVID-19. Also, the intracellular reaction induced by
ACE2 in alveolar epithelial cells has been shown to be lower
in children compared to adults. Overall, the lower respira-
tory tract cells, which are commonly affected by COVID-19,
are richer in ACE2. In children, COVID-19 more affects the
upper respiratory tract than the lower respiratory tract (9).
Nevertheless, some researchers believe that ACE2 is associ-
ated with the protective mechanisms of the lungs and pro-
tects them against severe damage due to sepsis, SARS, acid
aspiration, and lethal influenza (4).

2.2. Cross-Immunity with Other SARS-Like Viruses

The immunity caused by viruses (e.g., coronaviruses)
can be protective for the pediatric population (9). There
may be a high level of cross-reactivity between antibod-
ies generated against the relevant structural viral proteins.
The absence of severe COVID-19 in areas with a high preva-
lence of SARS-like infections may be attributed to partial
immunity due to the cross-reactivity of T-cell and B-cell epi-
topes, as well as antibodies (11). Anderson et al. (2020)
used SARS convalescent sera to neutralize SARS-CoV-2. They

found that antibodies generated against SARS-CoV exhib-
ited SARS-CoV-2 cross-neutralization properties; however,
in this study, the cross-neutralization level of SARS sur-
vivors’ sera against SARS-CoV-2 was not sufficient for pas-
sive immunotherapy of COVID-19 patients (12).

On average, children up to six years of age acquire up-
per respiratory tract infections (URIs) eight to 12 times a
year, while adolescents and adults acquire URIs two to four
times a year (13, 14). Our knowledge of other coronavirus-
associated diseases (SARS and MERS) suggests that previ-
ous exposure to other respiratory viruses may make chil-
dren’s immune systems more resilient (9, 15).

2.3. The Obtunded Systemic Inflammatory Response

Several studies have shown that patients with serious
SARS-COV-2 suffer from a "cytokine storm" (CS). This is a crit-
ical and serious condition defined by hyperferritinemia,
severe systemic inflammation, hemodynamic instability,
acute respiratory distress syndrome (ARDS), and multi-
organ failure. CS needs intensive care admission, and treat-
ment should begin promptly; otherwise, it may lead to
death. The trigger for CS is an uncontrolled immune re-
sponse leading to the continuous activation of immune
cells and macrophages. These cells generate excessive
amounts of cytokines, resulting in a CS. Clinical findings
of CS are attributed to the activity of pro-inflammatory cy-
tokines, such as interleukin-1 (IL-1), IL-6, IL-18, interferon-
gamma (IFN-γ), and tumor necrosis factor-alpha (TNF-α)
(16).

Inflammatory reactions vary in adult and pediatric pa-
tients during their lifetime (17). Wynn et al. (2011) showed
a marked difference in the transcriptomic response asso-
ciated with age in children with septic shock (18). Accord-
ing to a study by Schouten et al. (2019), an age-related in-
crease in pro-inflammatory cytokines, linked to neutrophil
function, has a relationship with the severity of ARDS and
can partly explain the age-related difference (19). Some re-
searchers suggest that CS is underdeveloped in children
(9).

These different responses could explain the Centers for
Disease Control and Prevention (CDC) data, which revealed
that only 54% of pediatric patients coughed compared to
adults (80%). Also, much lower rates of shortness of breath
were found in children compared to adults (13 vs. 43%) (9).
According to the clinical data from Wuhan, China, the to-
tal count of peripheral blood lymphocytes gradually re-
duces in adults through an inflammatory reaction to SARS-
CoV-2, which results in the proliferation and spread of this
virus. Generally, the white blood cell count and the abso-
lute number of lymphocytes in the pediatric population
are normal because of the incomplete development of nat-
ural immunity (20). It is critical to gather more informa-
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tion about differences in immune reactions in different
age groups for targeted immunotherapies.

2.4. More Efficient T-Cells

T cells are crucial to clear viruses in mice affected by
SARS-CoV (9). Le Bert et al. (2020) examined 36 individu-
als convalescing from SARS-CoV-2 and found that in all of
them, CD4 and CD8 T cells identified several regions of the
N protein of the virus. The researchers realized that 23 pa-
tients developing and recovering from SARS infection in
2003 had long-lasting memory T cells able to react strongly
with the N protein of SARS-CoV after 17 years. Also, they
found that in people who had no previous or current his-
tory of SARS-CoV-2/COVID-19 infection or had no contact
with other people with these viruses, SARS-CoV-2 specific T
cells frequently targeted the NSP7, NSP13, and N protein of
SARS-CoV-2 (9, 21).

Certainly, more studies in this area are required for the
SARS-CoV-2 pandemic management.

2.5. Virus-to-Virus Interactions

Some researchers suggest that the simultaneous pres-
ence of other viruses in the mucosa of the lungs and air-
ways, which is common in young children, can limit the
growth of SARS-CoV-2 by direct virus-to-virus interactions
and competition (22-26). Nickbakhsh et al. (2019) statisti-
cally analyzed a collection of diagnostic reports collected
over several years from 11 types of respiratory viruses, in-
cluding the human coronavirus. The analysis showed
that there was an interaction between respiratory viruses,
which was statistically provable. Using computer simula-
tions, they understood that very short-lived interferences
could explain why cold infections were less likely to occur
during flu outbreaks (22).

2.6. Fetal Hemoglobin

Newborns have 80% fetal hemoglobin content, com-
posed of alpha and gamma chains (27). Some researchers
hypothesize that SARS-CoV-2 proteins (orf1ab, ORF10, and
ORF3a) attack the heme of the hemoglobin 1-β chain, dis-
sociate iron, and form porphyrin. Such attacks can reduce
hemoglobin, resulting in hypoxia, and also inhibit the nor-
mal heme metabolic pathway (9). However, this hypothe-
sis has not been approved, and further research is needed
in the future.

3. Conclusions

COVID-19 can develop in children with mild or no
symptoms. Discovering the mysterious aspects of this dis-
ease in children, we can provide critical information about

both optimal immune system targeting and viral function.
The asymptomatic and mildly symptomatic pediatric pop-
ulations contribute to the spread of SARS-CoV-2. There-
fore, future studies in this area can help researchers de-
velop prophylactic and therapeutic strategies to combat
this lethal disease.
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