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Perspective

Key message

Coronavirus disease 2019 (COVID-19) infection is reported 
among neonates and children; however, this population has far 
fewer secondary complications than adults. This could be due to 
the high angiotensin-converting enzyme 2 expression, primed 
immune system, and reduced cytokine storm in children. In 
addition, recurrent viral infections in young children may offer 
some protection against COVID-19 via cross-reactive im mune 
status, microbial interactions, and competition.

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) causes coronavirus disease 2019 (COVID-19), currently 
a pandemic. The cause of this disease has been found, but the 
mechanism of pneumonia and other symptoms, as well as the 
reasons for milder symptoms in children remain unknown. The 
explanations are based on current hypotheses from clinical, 
epidemiological, phy siological, and immunological concepts.

Epidemiologically, reporting and testing of children for 
COVID-19 are less frequent, which leads to the problem of 
under sampling and underreporting. Decreased illness severity 
and an overall disease resilience in children facilitates its transmis -
sion by rendering children as carriers.1) Despite evidence that 
angiotensin-converting enzyme (ACE)2 is implicated in the 
pathology of COVID-19 lung injury, increased ACE2 expression 
or immature ACE2 structure in pediatric lungs and other tissues 
may protect the lungs and other organs from an adverse clinical 
course and complications. ACE2 expression in the intestines of 
children explains why children may have a longer viral shedding 
period than adults.1)

The immune system of children is more active than that of 
adults and exerts protective action in the early phase of SARS-
CoV-2 infection by controlling viral replication.2) Moreover, 
vaccinations and frequent viral infections in children enhance 
immune system activation3) and may contribute to the uneventful 
clinical course seen in most cases. Coronavirus infections in 
pediatric and young adult population have occurred mainly 
during winter in some countries. Older children and adults have 
experienced previous infections, and hence new cases of infec-
tion are rare. So, there are opportunities for developing herd 

immunity to coronaviruses. The rarity of severe symptoms 
in children with COVID-19 may be attributable to the cross-
reactive immune status caused by infections at a young age that 
persists in pediatric and young adult groups compared to the 
elderly. Hence, we hypothesize that microbial interaction and 
competition may reduce COVID-19 illness severity in children.

Innate immune cells have the capacity to recognize pathogen-
associated molecular patterns and initiate a pro-inflammatory 
and interferons (IFNs) cascade. IFNs increase cytotoxic T and 
natural killer (NK) cell activities. NK cells move to infected 
sites and produce IFN-gamma, which is involved in killing the 
virus-infected cells and boosting the adaptive immune response. 
Furthermore, interferons activate Janus kinase signaling pathway 
and lead to the upregulation of interferon-controlled genes that 
kill the viruses.4)

The adaptive immune response through T helper cells also 
plays a crucial role in the severity of COVID-19. The relatively 
immature adaptive immune system in children may be a cause 
of mild clinical symptoms; however, this remains to be clarified. 
Interestingly, other infectious diseases (hepatitis A, mycoplasma 
pneumonia) and immunological diseases (Kawasaki disease, 
acute post-streptococcal glomerulonephritis, Henoch-Schonlein 
purpura) also have milder clinical symptoms in younger children 
than older children or adults.5) Chen et al.2) demonstrated that 
CD4 helper T cells stimulate B lymphocytes to create an anti-
body response against SARS-CoV-2 in mice. Thus, the cellular 
immune system responses (CD4+ T cells) to SARS-CoV-2 
infection in senescent BALB/c mice are important in the control 
of infection.2,6) The higher production and efficiency of T 
helper cells in children may offer additional protection against 
COVID-19.

The causative agent of COVID-19 may not be SARS-CoV-2 
alone; it may also be the substances excreted by cells infected 
with the virus or other pathogens of the human microbiota7) as 
seen in cases of Kawasaki disease5) and many others.

Physiologically, a higher total lymphocyte count in children 
could offer greater immune protection against COVID-19. Addi-
tionally, children have a beating lung cilia of higher frequency,8) 
which may hinder the virus’s entry into lung pneumo cytes. 
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Lack of comorbidities as well as less exposure to environ mental 
pollutants and toxins in children are the other physiological 
factors contributing toward protection of the lungs and airways. 
Furthermore, a satisfactory nutritional status and relative lack 
of physical and mental stress in children likely contribute to 
protection.

Acute respiratory distress syndrome (ARDS) in COVID-19 
is initiated by the deposition of fibrin in the airspaces and lung 
parenchyma along with fibrin-platelet microthrombi in the 
pulmonary vasculature and progressive respiratory dysfunction. 
9) Children are at lower risk for COVID-19-associated ARDS 
since they have lower thrombin generation potential and de-
creased fibrin formation velocity.10) Lung injury and multiorgan 
failure in COVID-19 are also due to cytokine storm, an inflam-
matory response11) which the immune system of children is less 
capable of mounting.

In conclusion, children have high expression of ACE2, a sen-
sitized immune system, decreased frequency of cytokine storm, 
and healthy physiology, which explain the lower COVID-19 
complication rate. The prevalent SARS-CoV-2 virus has caused 
a few fatalities in neonates and infants and from transplacental 
infections. Therefore, it can be considered a kind of microbiota 
adapted to the human species with inherently low virulence. 
Underreporting of cases, subclinical syndrome, and longer viral 
shedding period in children contribute to a hidden link in viral 
transmission.

Conflicts of interest
No potential conflict of interest relevant to this article was 

reported.
 

https://orcid.org/10.1186/s12865-016-0187-3
https://orcid.org/10.1186/s12865-016-0187-3

