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Summary:

The SARS-CoV-2 pandemic has resulted in unprecedented health and economic losses. Children
generally present with less severe disease from this virus compared to adults, yet neonates and
children with COVID-19 can require hospitalization, and older children can develop severe
complications, such as the multisystem inflammatory syndrome, resulting in >1500 deaths in
children from COVID-19 since the onset of the pandemic. The introduction of effective SARS-
CoV-2 vaccines in school-age children and adult populations combined with the emergence of
new, more highly transmissible SARS-CoV-2 variants has resulted in a proportional increase

of infections in young children. Here, we discuss (1) the current knowledge on pediatric SARS-
CoV-2 infection and pathogenesis in comparison to adults, (2) the data on vaccine immunogenicity
and efficacy in children, and (3) the benefits of early life SARS-CoV-2 vaccination.
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Introduction

The SARS-CoV-2 pandemic has touched and changed our lives in many unforeseen ways
and exposed the strengths and weaknesses of our societies. Leveraging our scientific
knowledge and resources, we were able to introduce effective SARS-CoV-2 vaccines

with unprecedented speed. At the same time, health inequalities, misinformation, and
political complexities hampered efficient vaccine implementation. Currently, according to
the Kaiser Family Foundation, <70% of the eligible world population has received at

least one vaccine dose, many fewer have received the recommended booster vaccinations.
Therefore, considering the continued emergence of new SARS-CoV-2 variants with higher
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transmission potential, inequity in vaccine distribution, and widespread vaccine hesitancy,
vaccine coverage is suboptimal to curb the pandemic.

Several vaccines have been approved for use in adults, only few in adolescents, and so far
just one, the Pfizer-BioNTech vaccine, has received emergency use authorization (EUA) for
children 5 to 11 years (1), but none yet for children under age 5. This lack of access to a
vaccine in the youngest age group more than 1.5 years since a SARS-CoV-2 vaccine was
approved for human use represents a health disparity for children. Both Pfizer-BioNTech
and Moderna have submitted clinical trial data to the US FDA to obtain EUA for vaccination
of infants aged 6 months to 5 years. Yet, delays in clinical testing of vaccines in this

age group led to the vaccine efficacy being tested when circulating variants were more
transmissible and could evade vaccine immunity, resulting in expected reduced efficacy
that has clouded the vaccine approval process. Thus, even when approved, the opinion is
expected to remain divided about the use of a pediatric SARS-CoV-2 vaccine for young
children (2). Here, we will attempt to provide a fair assessment of the importance of
SARS-CoV-2 vaccine implementation in the pediatric population.

Potential innate immune factors contributing to reduced disease severity in

children

The observation that children present with less severe disease and mortality compared to
adults was surprising as many other infectious diseases, including respiratory infections like
influenza, present with higher morbidity in infants compared to adults. Several reasons may
account for the relatively mild disease outcomes in the pediatric population. An obvious
explanation would be lower expression of the receptors for SARS-CoV-2 in relevant target
tissues and cells. The literature on this topic remains controversial. Several studies have
indeed reported that angiotensin converting enzyme 2 (ACE-2) mRNA levels increase

with age in nasal epithelium and lung and are lowest in children (3—-6). Another study,
however, reported that neonates have lower mRNA levels of ACE-2 and transmembrane
serine protease 2 (TMPRSS2) in nasal scrape samples (7), whereas children <18 years of age
present with higher ACE-2 and comparable TRMPSS2 mRNA levels compared to adults (8,
9). Yet another study utilizing human lung tissue, revealed that ACE-2 expression on lung
epithelial cells is low in the neonate, but higher in infants up to 1 year of age compared to
children ages 1-17 years or adults up to 45 years of age (10). In endothelial cells or other
cell types of the lung, ACE-2 mRNA expression, however, is higher in adults compared

to children of all ages (10). These different findings might be due to the type of sample
collected, the cellular composition of these samples, and/or the assay type for receptor
expression. It should also be noted that most studies are limited in sample size and report a
high inter-individual variation in ACE-2 mRNA expression. The fact that SARS-CoV-2 viral
loads in nasal or nasopharyngeal samples of children and adults are of similar magnitude
(4, 11, 12) argues against reduced infectivity due to lower receptor expression as cause for
milder disease in children. Furthermore, studies have been unable to detect a relationship
between viral load and ACE-2 expression (11).
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Infants receive many vaccines in the first year of life and it has been proposed that

these frequent vaccinations could heighten innate immune responses, known as “trained
immunity” (13-16). Indeed, live-attenuated vaccines such as measles, polio and BCG have
been associated with the induction of trained immunity (17). Although the live attenuated
polio and BCG vaccines are no longer administered in many high-income countries,

the MMR, chickenpox and rotavirus live attenuated vaccines are included in the routine
pediatric vaccine schedule; in low- and middle-income countries (LMICs), live attenuated
polio and BCG vaccines are still widely distributed. Therefore, it is feasible that trained
immunity aspects contribute to better control of SARS-CoV-2 infection in children (13-16),
but a causal relationship cannot be established.

There is evidence, however, that innate immune responses to SARS-CoV-2 infection differ
between children and adults. Gene expression analysis of nasal swab samples revealed

a strong induction of innate immunity and type I interferon (IFN) responses in infants,
whereas in adult samples a bias towards higher metabolic activity was noted (11). A more
recent study confirmed higher local IFN in children compared to adults (12). Increased
IFN levels in children were, at least in part, ascribed to a higher pre-activation state

of the IFN response in many epithelial cell types, but also in immune cells (12). The
SARS-CoV-2-induced IFN response, however, was more effectively induced in adults,
both in the upper and lower airways and systemically (12). Adults also presented with
stronger systemic inflammatory responses, in particular elevated levels of D-Dimer and
C-reactive protein (CRP) compared to children (11). In contrast, a recent study did not
find differences in type | IFN responses between adults and children <15 years of age
with asymptomatic or mild disease, but also noted distinct gene expression pattern in nasal
samples (18). In the latter study, the cellular composition in acute SARS-CoV-2 infection
changed from a predominance of epithelial cells to an increasing number of immune

cells (18) and gene expression data confirmed increased activity in pathways associated
with chemotaxis, neutrophil activation, and T cell activation in adults, but not in infant
samples. Consistent with these findings, higher frequencies of cells with cytotoxic potential,
including NK cells, CD8* T cells, but also CD4* T cells, were found in adult compared to
infant samples (12). Furthermore, in adults the formation of neutrophil extracellular traps
(NET) has been associated with COVID-19 disease severity (19). Infants, however, have an
impaired ability to form NETSs (20). Overall, these data imply a bias towards a stronger
inflammatory response in adults, both locally and systemically, whereas infants may
contain virus replication rapidly via type | IFNs at local entry sites and mount somewhat
lower systemic inflammatory responses effectively resulting in reduced pathogenesis in
most infants infected with SARS-CoV-2. Following up on these findings is important for
development of potential therapeutic to reduce the severity of other respiratory pathogens
that commonly cause severe disease in infants, such as respiratory syncytial virus.

Finally, children in general also have fewer comorbidities than adults, such as diabetes,
cancer, and obesity, and thus fewer risk factors for severe COVID-19 than adults. Yet,
children with severe disease and who have died from SARS-CoV-2 infection frequently
have co-morbidities, with obesity as the most common co-morbidity associated with
severe disease in adolescents (21, 22). With obesity affecting nearly 20% of the US
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childhood population, vaccination is an important tool to prevent infection in these high-risk
populations.

Severe disease from COVID does not occur frequently in children, yet

COVID19 has become a leading cause of death in children

It will be essential to balance health benefits with potential risks to justify the introduction
of a pediatric SARS-CoV-2 vaccine. What do the data tell us so far? According to WHO,
SARS-CoV-2 infections have exceeded 500 million cases and resulted in >6 million deaths
(23). Children and adolescents account for about 21% of cases and 0.4% of deaths. For

the purpose of this article, we will define children as being <18 years of age. Generally,
pediatric SARS-CoV-2 infection is associated with less severe disease outcomes compared
to adults (24-28). However, over 1500 U.S. children have died from this infection since
2020, which is considerably higher than deaths that occurred annually from many viruses
that we routinely vaccinate against, including influenza and varicella (29). Moreover, severe
complications, including the Pediatric Inflammatory Multisystem Syndrome, temporally
associated with SARS-CoV-2 (PIM-TS) and the Multisystem Inflammatory Syndrome in
Children (MIS-C), have been observed in a subset of children (30). Are these numbers
sufficiently high and the disease outcomes severe enough to warrant a strong impetus on
vaccination of the pediatric population? We could argue every life is worth saving. Skeptics
raise alarm about potential long-term consequences (2). As of May 2022, in the US alone,
8 million children ages 5 to 11 years have completed a two-dose SARS-CoV-2 vaccine
regimen (31). The exceptional data on the safety and immunogenicity of the vaccines in
these recipients should suffice to overcome any doubts on vaccine safety. While long-term
outcome data on vaccine safety are indeed missing, yet vaccine safety events have never
occurred at such a late juncture with previous vaccine platforms. Furthermore, the rare
cases of myocarditis and pericarditis that have been observed in adolescents and young
adults receiving SARS-CoV-2 vaccines (32-35) seem to be dose-dependent and have yet
to be reported with lower dose pediatric vaccines in younger populations. Follow-up data
demonstrated that all subjects had recovered and were asymptomatic (36), and while some
patients still presented with slight cardiac abnormalities, these occurred at a significantly
lower rate than after SARS-CoV-2 infection (37). The number of participants in clinical
trials conducted in young infants (<5 years) is too low to detect rare events but given the
lower doses being used in this population and relatively rare occurrence of myocarditis in
this age group in general, a vaccine-associated risk for myocarditis in infants 6 months to 5
years of age is unlikely to be identified.

A French study reported that a hyperinflammatory syndrome after vaccination of 12 to

17 year old occurred at a rate of 1.5 per one million total vaccine recipients (95%

Cl1 0.8, 2.6) (38). In contrast, 113 cases of MIS-C were observed among one million
SARS-CoV-2 infections in the same age group (38). Evidence is starting to emerge that
vaccination can reduce the risk of MIS-C (39). Prevention of MIS-C is important because
affected infants and adolescents may face long-term health sequalae that are not yet known.
Neurological manifestations have been seen in about 20% of MIS-C patients (40). Although,
as pointed out above, many patients appear to fully recover, fatal MIS-C outcomes due
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to encephalomyelitis or other causes have occurred (41, 42). It should be noted that the
CNS is still developing in infants and adolescents, and thus, any damage can potentially
be detrimental and long-lasting. Importantly, exact data on global SARS-CoV-2 infections
in LMICs are often not available, especially when estimating pediatric cases. In fact,

only recently a first study on MIS-C was reported from South Africa (43). Therefore,

on the global level, pediatric complications due to SARS-CoV-2 infection are most likely
underreported and will continue to occur given the considerably lower vaccine coverage
in LMICs (43). In high income countries, like the USA, the risk for MIS-C is increased

in Black and Hispanic children (30, 42). This disparity could be due to socio-economic
and health care access inequities, but genetic and environmental risk factors are still being
explored. Yet should the latter be the case, we would expect a higher MIS-C incidence in
South American and African countries.

Robust immunity to SARS-CoV-2 infection and vaccination in children

Infants and children mount robust plasma and nasal antibody responses, and of similar
magnitude as adults, against SARS-CoV-2 (11). A comparative study of children and adults
demonstrated that antibodies in infants were preferentially targeting the spike protein and
less frequently the N protein, whereas antibodies to both proteins were easily detectable

in adults (44). These findings have implications for serology testing approaches to confirm
prior SARS-CoV-2 infection. There is conflicting evidence regarding the functional capacity
of the antibody responses in children, while some studies reported neutralizing antibody
responses of lower magnitude in children (44, 45), other studies observed comparable
plasma antibody responses and neutralizing antibody titers in children and adults (46, 47).

Several studies have documented that SARS-CoV-2-specific T cell responses are reduced

in children compared to adults (47, 48). Both the frequencies of CD4* and CD8* T cell
responses to SARS-CoV-2 structural and ORF1ab proteins are lower in infants compared to
adults when IFN-y production or T cell activation are assessed, and infants also have lower
frequencies of effector memory CD4" T cells (48). There is, however, no age-dependent
difference in overall polyfunctionality of the T cell response. (48). T cell responses persist
and increase with time post infection in both age groups (48). The impact on disease severity
on T cell responses requires further clarification as both reduced (47) and stronger (49) T
cell responses have been observed in children with MIS-C compared to children with mild
CoVID-19.

Pediatric immunity to SARS-CoV-2 mRNA-LNP vaccination has also proven to be robust,
as demonstrated in the Pfizer and Moderna mRNA-LNP dosing studies in children ages
5-11 where vaccine doses of half or less than that used in adults were able to achieve
similar spike-specific 1gG responses and neutralizing titers (50, 51). Moreover, pre-fusion
stabilized Spike MRNA-LNP vaccination of two month-old nonhuman primates at a lower
dose than studied in pre-clinical adult nonhuman primate vaccines achieved high magnitude
and durable binding and neutralizing antibody responses (52). Finally, recent data released
from Moderna on phase 11/111 studies in children ages 6 months to 6 years indicated that
responses to a low dose mMRNA-LNP vaccine that is a quarter of the adult dose elicited
responses that were similar to that elicited in adolescents and young adults with the adult
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vaccine dose (53). Further, Pfizer-BioNTech released preliminary information from their
phase I1/111 trial in the same age group reporting that a low dose mMRNA-LNP series of three
immunizations was tolerable, immunogenic, and demonstrated 80% efficacy during a time
when the Omicron variant was circulating (54).

Prevention methods against SARS-CoV-2 infection in young infants include maternal
vaccination. Despite being originally left out in clinical trials, pregnant women have
significantly benefitted from vaccination (55-57). Moreover, mothers vaccinated prior

to or during pregnancy will transfer SARS-CoV-2 specific antibodies to their babies
transplacentally and via breastmilk (58, 59). However, this passive protection is only going
to protect the infant in the first 6 to 12 months of life prior to waning of maternal antibodies,
and with the low durability and ongoing virus evolution, maternal antibodies are likely to
only protect neonates for a few months. Even when breastfeeding is continued into the 2nd
year of life, the decline of vaccine-induced antibodies and limited uptake of antibodies from
breast milk into circulation would likely result in titers too low to protect the infant against
infection. Importantly, vaccine authorization is unlikely to be granted prior to 6 months of
life as infants under age 6 months have not been included in clinical trials. Yet, neonates

are one of the most frequently hospitalized pediatric population from SARS-CoV-2 infection
(60) and hospitalization of infants under 1 year of life increased during the Omicron waves
of SARS-CoV-2 infection (60), most of which did not have underlying conditions. Thus, it is
likely that protection against severe COVID disease for all children will require vaccination
at younger than 6 months of age. However, it is yet unknown whether pre-existing maternal
antibodies against SARS-CoV-2 in infants will interfere with responses to mMRNA-LNP or
other SARS-CoV-2 vaccines, and this should be studied in both pre-clinical models and
human trials.

Benefits far outweigh the risks: Advantages to routine early life vaccination
against SARS-CoV-2

The benefits of childhood vaccination with SARS-CoV-2 vaccines far outweigh the risks of
acquiring the infection when unvaccinated, placing the vaccine among the most important
to child health as other routine vaccines, as well as seatbelts and car seats to prevent severe
injury and death from motor vehicle accidents. Moreover, there are a host of reasons for
SARS-CoV-2 vaccines to become part of the routine pediatric vaccine schedule starting in
the first year of life. Advantages to early life immunization against SARS-CoV-2 include:
1) protection against infection and severe acute COVID disease for infants and children;

2) protection against COVID post-infectious inflammatory syndromes such as MIS-C; 3)
potential protection against long lasting sequelae of COVID and long COVID; 4) reduction
in transmission among households and congregate settings for children, including schools;
5) high magnitude and durable antibody responses can be elicited in early life via existing
SARS-CoV-2 vaccines at lower doses, reducing side effects and adverse events; and 6)
initiation of foundational immunity against SARS-CoV-2 and related coronaviruses in early
life.
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Remaining gaps and tasks

The SARS-CoV-2 pandemic was preceded by the earlier outbreaks of SARS-CoV-1 in 2003
and the Middle East Respiratory Syndrome (MERS) in 2013. We should assume that other
coronaviruses will eventually evolve and jump species from their original hosts to humans
(61-65). To prevent future devastating outbreaks, continued basic science research in the
area of virus evolution and immunity to protect against evolving strains is needed. The
emergence of new variants of concern (VOCs) during the SARS-CoV-2 pandemic further
emphasizes this point and also stresses the urgency for the development of a pan-coronavirus
vaccine.

Right now, many questions about SARS-CoV-2 pathogenesis and prevention remain
unanswered. Our knowledge about factors resulting in severe COVID-19 outcomes is

still limited. What specific host immune mechanisms prevent severe disease in children,
adolescents, and adults? Among those, which ones are common across all ages, and which
one are age-specific. There is a need to identify biomarkers that can predict the emergence
of late complication, such as MIS-C or long COVID. Why do some patients develop severe
neurological symptoms, including lesions within the brain? In adults, male sex has been
linked to higher morbidity and mortality, this has not been observed in children. What are
the underlying reasons, do they include sex-specific regulation of gene expression? These
are just a few of the areas that will require intensive research. We are only starting to gather
data on long-term outcomes and such data need to be interpreted in the context of the
relevant viral variant at the time of data collection. While many VOCs have demonstrated
increased transmissibility, higher infection rates did not always translate into increased
disease severity. Do we need age-specific diagnostic, treatment and prevention strategies?
The next few years will provide large population data to conclusively assess durability

of vaccine-induced immunity and protective efficacy, data that will inform the need for
additional vaccine boosts to protect against potentially newly emerging VOCs. The parallel
real-world assessment of vaccine safety and risk is a necessary part of this evaluation,
especially as COVID vaccines are rolled out in our youngest children. Without a doubt,
new variants will continue to emerge, and in the opinion of the authors, we will be unable
to end ongoing devastating effects of the pandemic if we do not ensure the wide-spread
implementation of a safe and effective vaccination across all age groups.

Concluding Remarks

The statistics on COVID-19 speak for themselves, as of May 16, 2022, globally SARS-
CoV-2 infections have exceeded 500 million cases and resulted in >6 million deaths
(covid19.who.int). Yet, less than 60 per 100 persons are fully vaccinated and <25 have
received recommended booster doses(23). Effective vaccines have been developed and it is
up to the governing bodies of the global community to devise and implement the means to
ensure sufficient vaccine production, distribution, and uptake across populations of all ages
in high-, middle-, and low-income countries, in urban and rural areas, and at a cost that is
affordable. To be successful in these efforts, we also need to overcome vaccine hesitancy,
including for children. Therefore, politicians, health care providers, and scientists must work
together and provide the critical real-world data on vaccine safety and effectiveness, as
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well as a uniform message on the importance of vaccination to ensure protection against
effects of the COVID-19 pandemic for all populations. We have to clearly communicate
in lay terms what vaccines are available, how they work, what their limitations are, and
why the benefits outweigh the risks. Moreover, we should build on global successes of
routine pediatric vaccine schedules for protection against and elimination of a number of
previous pandemic pathogens. Thus, we conclude that the SARS-CoV-2 vaccine should
become a routine pediatric vaccine recommended and available worldwide, providing the
highest chance of success in putting the unprecedented global effects of the SARS-CoV-2
virus behind us.

Acknowledgment and Special Note:

There is an enormous amount of literature on SARS-CoV-2 infection, pathogenesis, treatment, and vaccination.
We realize that our references are often only touching upon the sheer number of papers available and apologize to
all the authors we have not cited and want to emphasize that every contribution to the fight against COVID-19 is
greatly appreciated.

Funding:
NIH NIAID 7P01AI1117915 “Early Life Vaccination to Prevent HIV acquisition during Adolescence”, awarded to
SRP and KDP

References

1. Creech CB, Walker SC, Samuels RJ. 2021. SARS-CoV-2 Vaccines. JAMA 325:1318-1320.
[PubMed: 33635317]

2. Lavine JS, Bjornstad O, Antia R. 2021. Vaccinating children against SARS-CoV-2. BMJ 373:n1197.
[PubMed: 33985969]

3. Bunyavanich S, Do A, Vicencio A. 2020. Nasal Gene Expression of Angiotensin-Converting
Enzyme 2 in Children and Adults. JAMA 323:2427-2429. [PubMed: 32432657]

4. Yonker LM, Neilan AM, Bartsch Y, Patel AB, Regan J, Arya P, Gootkind E, Park G, Hardcastle
M, St John A, Appleman L, Chiu ML, Fialkowski A, De la Flor D, Lima R, Bordt EA, Yockey
LJ, D’Avino P, Fischinger S, Shui JE, Lerou PH, Bonventre JV, Yu XG, Ryan ET, Bassett 1V,

Irimia D, Edlow AG, Alter G, Li JZ, Fasano A. 2020. Pediatric Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2): Clinical Presentation, Infectivity, and Immune Responses. J Pediatr
227:45-52 5. [PubMed: 32827525]

5. Muus C, Luecken MD, Eraslan G, Sikkema L, Waghray A, Heimberg G, Kobayashi Y, Vaishnav
ED, Subramanian A, Smillie C, Jagadeesh KA, Duong ET, Fiskin E, Torlai Triglia E, Ansari M, Cai
P, Lin B, Buchanan J, Chen S, Shu J, Haber AL, Chung H, Montoro DT, Adams T, Aliee H, Allon
SJ, Andrusivova Z, Angelidis I, Ashenberg O, Bassler K, Becavin C, Benhar I, Bergenstrahle J,
Bergenstrahle L, Bolt L, Braun E, Bui LT, Callori S, Chaffin M, Chichelnitskiy E, Chiou J, Conlon
TM, Cuoco MS, Cuomo ASE, Deprez M, Duclos G, Fine D, Fischer DS, Ghazanfar S, Gillich A,
et al. 2021. Single-cell meta-analysis of SARS-CoV-2 entry genes across tissues and demographics.
Nat Med 27:546-559. [PubMed: 33654293]

6. Steinman JB, Lum FM, Ho PP, Kaminski N, Steinman L. 2020. Reduced development of COVID-19
in children reveals molecular checkpoints gating pathogenesis illuminating potential therapeutics.
Proc Natl Acad Sci U S A 117:24620-24626. [PubMed: 32883878]

7. Heinonen S, Helve O, Andersson S, Janer C, Suvari L, Kaskinen A. 2022. Nasal expression of
SARS-CoV-2 entry receptors in newborns. Arch Dis Child Fetal Neonatal Ed 107:95-97. [PubMed:
33990387]

8. Hasan MR, Ahmad MN, Dargham SR, Zayed H, Al Hashemi A, Ngwabi N, Perez Lopez A, Dobson
S, Abu Raddad LJ, Tang P. 2021. Nasopharyngeal Expression of Angiotensin-Converting Enzyme
2 and Transmembrane Serine Protease 2 in Children within SARS-CoV-2-Infected Family Clusters.
Microbiol Spectr 9:60078321. [PubMed: 34730438]

Immunol Rev. Author manuscript; available in PMC 2023 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

De Paris and Permar

Page 9

9. Plaas M, Seppa K, Gaur N, Kasenomm P, Plaas M. 2021. Age- and airway disease related gene
expression patterns of key SARS-CoV-2 entry factors in human nasal epithelia. Virology 561:65—
68. [PubMed: 34157565]
10. Inde Z, Croker BA, Yapp C, Joshi GN, Spetz J, Fraser C, Qin X, Xu L, Deskin B, Ghelfi
E, Webb G, Carlin AF, Zhu YP, Leibel SL, Garretson AF, Clark AE, Duran JM, Pretorius V,
Crotty-Alexander LE, Li C, Lee JC, Sodhi C, Hackam DJ, Sun X, Hata AN, Kobzik L, Miller J,
Park JA, Brownfield D, Jia H, Sarosiek KA. 2021. Age-dependent regulation of SARS-CoV-2 cell
entry genes and cell death programs correlates with COVID-19 severity. Sci Adv 7.
11. Pierce CA, Sy S, Galen B, Goldstein DY, Orner E, Keller MJ, Herold KC, Herold BC. 2021.
Natural mucosal barriers and COVID-19 in children. JCI Insight 6.

12. Yoshida M, Worlock KB, Huang N, Lindeboom RGH, Butler CR, Kumasaka N, Dominguez Conde
C, Mamanova L, Bolt L, Richardson L, Polanski K, Madissoon E, Barnes JL, Allen-Hyttinen
J, Kilich E, Jones BC, de Wilton A, Wilbrey-Clark A, Sungnak W, Pett JP, Weller J, Prigmore
E, Yung H, Mehta P, Saleh A, Saigal A, Chu V, Cohen JM, Cane C, lordanidou A, Shibuya S,
Reuschl AK, Herczeg IT, Argento AC, Wunderink RG, Smith SB, Poor TA, Gao CA, Dematte JE,
Investigators NSS, Reynolds G, Haniffa M, Bowyer GS, Coates M, Clatworthy MR, Calero-Nieto
FJ, Gottgens B, O’Callaghan C, Sebire NJ, Jolly C, et al. 2022. Local and systemic responses to
SARS-CoV-2 infection in children and adults. Nature 602:321-327. [PubMed: 34937051]

13. Gursel M, Gursel 1. 2020. Is global BCG vaccination-induced trained immunity relevant to the
progression of SARS-CoV-2 pandemic? Allergy 75:1815-1819. [PubMed: 32339299]

14. Mantovani A, Netea MG. 2020. Trained Innate Immunity, Epigenetics, and Covid-19. N Engl J
Med 383:1078-1080. [PubMed: 32905684]

15. O’Neill LAJ, Netea MG. 2020. BCG-induced trained immunity: can it offer protection against
COVID-19? Nat Rev Immunol 20:335-337. [PubMed: 32393823]

16. Netea MG, Giamarellos-Bourboulis EJ, Dominguez-Andres J, Curtis N, van Crevel R, van de
Veerdonk FL, Bonten M. 2020. Trained Immunity: a Tool for Reducing Susceptibility to and the
Severity of SARS-CoV-2 Infection. Cell 181:969-977. [PubMed: 32437659]

17. Kleinnijenhuis J, Quintin J, Preijers F, Joosten LA, Ifrim DC, Saeed S, Jacobs C, van Loenhout J,
de Jong D, Stunnenberg HG, Xavier RJ, van der Meer JW, van Crevel R, Netea MG. 2012. Bacille
Calmette-Guerin induces NOD2-dependent nonspecific protection from reinfection via epigenetic
reprogramming of monocytes. Proc Natl Acad Sci U S A 109:17537-42. [PubMed: 22988082]

18. Koch CM, Prigge AD, Anekalla KR, Shukla A, Do Umehara HC, Setar L, Chavez J, Abdala-
Valencia H, Politanska Y, Markov NS, Hahn GR, Heald-Sargent T, Sanchez-Pinto LN, Muller
WJ, Singer BD, Misharin AV, Ridge KM, Coates BM. 2022. Age-related Differences in the Nasal
Mucosal Immune Response to SARS-CoV-2. Am J Respir Cell Mol Biol 66:206-222. [PubMed:
34731594]

19. Barnes BJ, Adrover JM, Baxter-Stoltzfus A, Borczuk A, Cools-Lartigue J, Crawford JM, Dassler-
Plenker J, Guerci P, Huynh C, Knight JS, Loda M, Looney MR, McAllister F, Rayes R, Renaud S,
Rousseau S, Salvatore S, Schwartz RE, Spicer JD, Yost CC, Weber A, Zuo Y, Egeblad M. 2020.
Targeting potential drivers of COVID-19: Neutrophil extracellular traps. J Exp Med 217.

20. Yost CC, Cody MJ, Harris ES, Thornton NL, Mclnturff AM, Martinez ML, Chandler NB,
Rodesch CK, Albertine KH, Petti CA, Weyrich AS, Zimmerman GA. 2009. Impaired neutrophil
extracellular trap (NET) formation: a novel innate immune deficiency of human neonates. Blood
113:6419-27. [PubMed: 19221037]

21. Harwood R, Yan H, Talawila Da Camara N, Smith C, Ward J, Tudur-Smith C, Linney M, Clark
M, Whittaker E, Saatci D, Davis PJ, Luyt K, Draper ES, Kenny SE, Fraser LK, Viner RM.

2022. Which children and young people are at higher risk of severe disease and death after
hospitalisation with SARS-CoV-2 infection in children and young people: A systematic review and
individual patient meta-analysis. EClinicalMedicine 44:101287. [PubMed: 35169689]

22. Choi JH, Choi SH, Yun KW. 2022. Risk Factors for Severe COVID-19 in Children: A Systematic
Review and Meta-Analysis. J Korean Med Sci 37:e35. [PubMed: 35132841]

23. Organization WH. 2022. covid19.who.int Accessed May 16, 2022.

24. Zimmermann P, Curtis N. 2020. Why is COVID-19 less severe in children? A review of the
proposed mechanisms underlying the age-related difference in severity of SARS-CoV-2 infections.
Arch Dis Child doi:10.1136/archdischild-2020-320338.

Immunol Rev. Author manuscript; available in PMC 2023 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

De Paris and Permar

25.

26.

217.

28.

29.
30.

31.
32.

33.

34.

35.

36.

37.

38.

39.

40.

Page 10

Zimmermann P, Curtis N. 2020. COVID-19 in Children, Pregnancy and Neonates: A Review of
Epidemiologic and Clinical Features. Pediatr Infect Dis J 39:469-477. [PubMed: 32398569]

Zimmermann P, Curtis N. 2020. Coronavirus Infections in Children Including COVID-19: An
Overview of the Epidemiology, Clinical Features, Diagnosis, Treatment and Prevention Options in
Children. Pediatr Infect Dis J 39:355-368. [PubMed: 32310621]

Butt AA, Dargham SR, Loka S, Shaik RM, Chemaitelly H, Tang P, Hasan MR, Coyle PV, Yassine
HM, Al-Khatib HA, Smatti MK, Kaleeckal AH, Latif AN, Zagout A, Almaslamani MA, Al Khal
A, Bertollini R, Abou-Samra AB, Abu-Raddad LJ. 2022. COVID-19 Disease Severity in Children
Infected with the Omicron Variant. Clin Infect Dis doi:10.1093/cid/ciac275.

Blanchard-Rohner G, Didierlaurent A, Tilmanne A, Smeesters P, Marchant A. 2021. Pediatric
COVID-19: Immunopathogenesis, Transmission and Prevention. Vaccines (Basel) 9.

CDC. 2022. Flu & Young Children, on CDC. cdc.gov. Accessed May 16.

Moss WJ, Gostin LO, Nuzzo JB. 2021. Pediatric COVID-19 Vaccines: What Parents, Practitioners,
and Policy Makers Need to Know. JAMA 326:2257-2258. [PubMed: 34739041]

Pediatrics AA0. 2022. . Accessed

Morton Z, Green D, Grisham M. 2022. A case of myopericarditis following administration of the
Pfizer COVID-19 vaccine. Arch Clin Cases 9:1-5. [PubMed: 35529098]

Wu CT, Chin SC, Chu PH. 2022. Acute Fulminant Myocarditis After ChAdOx1 nCoV-19 Vaccine:
A Case Report and Literature Review. Front Cardiovasc Med 9:856991. [PubMed: 35528839]

Asaduzzaman M, Purkayastha B, Alam MMJ, Chakraborty SR, Roy S, Ahmed N. 2022.
COVID-19 mRNA vaccine-associated encephalopathy, myocarditis, and thrombocytopenia with
excellent response to methylprednisolone: A case report. J Neuroimmunol 368:577883. [PubMed:
35561428]

Ahmed SK. 2022. Myocarditis after BNT162b2 and mRNA-1273 COVID-19 vaccination: A report
of 7 cases. Ann Med Surg (Lond) 77:103657. [PubMed: 35479661]

Hadley SM, Prakash A, Baker AL, de Ferranti SD, Newburger JW, Friedman KG, Dionne A.
2022. Follow-up cardiac magnetic resonance in children with vaccine-associated myocarditis. Eur
J Pediatr doi:10.1007/s00431-022-04482-z.

Patel T, Kelleman M, West Z, Peter A, Dove M, Butto A, Oster ME. 2022. Comparison of
Multisystem Inflammatory Syndrome in Children-Related Myocarditis, Classic Viral Myocarditis,
and COVID-19 Vaccine-Related Myocarditis in Children. J Am Heart Assoc 11:¢024393.
[PubMed: 35475362]

Ouldali N, Bagheri H, Salvo F, Antona D, Pariente A, Leblanc C, Tebacher M, Micallef

J, Levy C, Cohen R, Javouhey E, Bader-Meunier B, Ovaert C, Renolleau S, Hentgen

V, Kone-Paut I, Deschamps N, De Pontual L, Iriart X, Guen CG, Angoulvant F, Belot

A, French Covid-19 Paediatric Inflammation Consortium p, the “French Pharmacovigilance

n. 2022. Hyper inflammatory syndrome following COVID-19 mRNA vaccine in children:

A national post-authorization pharmacovigilance study. Lancet Reg Health Eur doi:10.1016/
j.lanepe.2022.100393:100393.

Nygaard U, Holm M, Hartling UB, Glenthoj J, Schmidt LS, Nordly SB, Matthesen AT, von
Linstow ML, Espenhain L. 2022. Incidence and clinical phenotype of multisystem inflammatory
syndrome in children after infection with the SARS-CoV-2 delta variant by vaccination

status: a Danish nationwide prospective cohort study. Lancet Child Adolesc Health doi:10.1016/
S2352-4642(22)00100-6.

LaRovere KL, Riggs BJ, Poussaint TY, Young CC, Newhams MM, Maamari M, Walker TC,
Singh AR, Dapul H, Hobbs CV, McLaughlin GE, Son MBF, Maddux AB, Clouser KN, Rowan
CM, McGuire JK, Fitzgerald JC, Gertz SJ, Shein SL, Munoz AC, Thomas NJ, Irby K, Levy ER,
Staat MA, Tenforde MW, Feldstein LR, Halasa NB, Giuliano JS Jr., Hall MW, Kong M, Carroll
CL, Schuster JE, Doymaz S, Loftis LL, Tarquinio KM, Babbitt CJ, Nofziger RA, Kleinman LC,
Keenaghan MA, Cvijanovich NZ, Spinella PC, Hume JR, Wellnitz K, Mack EH, Michelson KN,
HR Flori, Patel MM, Randolph AG, Overcoming C-I. 2021. Neurologic Involvement in Children
and Adolescents Hospitalized in the United States for COVID-19 or Multisystem Inflammatory
Syndrome. JAMA Neurol 78:536-547. [PubMed: 33666649]

Immunol Rev. Author manuscript; available in PMC 2023 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

De Paris and Permar

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Page 11

Duarte-Neto AN, Caldini EG, Gomes-Gouvea MS, Kanamura CT, de Almeida Monteiro RA,
Ferranti JF, Ventura AMC, Regalio FA, Fiorenzano DM, Gibelli M, Carvalho WB, Leal GN, Pinho
JRR, Delgado AF, Carneiro-Sampaio M, Mauad T, Ferraz da Silva LF, Saldiva PHN, Dolhnikoff
M. 2021. An autopsy study of the spectrum of severe COVID-19 in children: From SARS to
different phenotypes of MIS-C. EClinicalMedicine 35:100850. [PubMed: 33937731]

Encinosa W, Figueroa J, Elias Y. 2022. Severity of Hospitalizations From SARS-CoV-2 vs
Influenza and Respiratory Syncytial Virus Infection in Children Aged 5 to 11 Years in 11 US
States. JAMA Pediatr 176:520-522. [PubMed: 35188536]

Butters C, Abraham DR, Stander R, Facey-Thomas H, Abrahams D, Faleye A, Allie N, Soni

K, Rabie H, Scott C, Zuhlke L, Webb K. 2022. The clinical features and estimated incidence of
MIS-C in Cape Town, South Africa. BMC Pediatr 22:241. [PubMed: 35501710]

Weisberg SP, Connors TJ, Zhu Y, Baldwin MR, Lin WH, Wontakal S, Szabo PA, Wells SB, Dogra
P, Gray J, ldzikowski E, Stelitano D, Bovier FT, Davis-Porada J, Matsumoto R, Poon MML, Chait
M, Mathieu C, Horvat B, Decimo D, Hudson KE, Zotti FD, Bitan ZC, La Carpia F, Ferrara SA,
Mace E, Milner J, Moscona A, Hod E, Porotto M, Farber DL. 2021. Distinct antibody responses
to SARS-CoV-2 in children and adults across the COVID-19 clinical spectrum. Nat Immunol
22:25-31. [PubMed: 33154590]

Pierce CA, Preston-Hurlburt P, Dai Y, Aschner CB, Cheshenko N, Galen B, Garforth SJ, Herrera
NG, Jangra RK, Morano NC, Orner E, Sy S, Chandran K, Dziura J, Almo SC, Ring A, Keller
MJ, Herold KC, Herold BC. 2020. Immune responses to SARS-CoV-2 infection in hospitalized
pediatric and adult patients. Sci Transl Med 12.

Lau EHY, Tsang OTY, Hui DSC, Kwan MYW, Chan WH, Chiu SS, Ko RLW, Chan KH, Cheng
SMS, Perera R, Cowling BJ, Poon LLM, Peiris M. 2021. Neutralizing antibody titres in SARS-
CoV-2 infections. Nat Commun 12:63. [PubMed: 33397909]

Singh V, Obregon-Perko V, Lapp SA, Horner AM, Brooks A, Macoy L, Hussaini L, Lu A,
Gibson T, Silvestri G, Grifoni A, Weiskopf D, Sette A, Anderson EJ, Rostad CA, Chahroudi A.
2022. Limited induction of SARS-CoV-2-specific T cell responses in children with multisystem
inflammatory syndrome compared with COVID-19. JCI Insight 7.

Cohen CA, Li APY, Hachim A, Hui DSC, Kwan MYW, Tsang OTY, Chiu SS, Chan WH, Yau
YS, Kavian N, Ma FNL, Lau EHY, Cheng SMS, Poon LLM, Peiris M, Valkenburg SA. 2021.
SARS-CoV-2 specific T cell responses are lower in children and increase with age and time after
infection. Nat Commun 12:4678. [PubMed: 34326343]

Conway SR, Lazarski CA, Field NE, Jensen-Wachspress M, Lang H, Kankate V, Durkee-Shock J,
Kinoshita H, Suslovic W, Webber K, Smith K, Cohen JI, Burbelo PD, Zhang A, Teach SJ, Ibeh T,
Delaney M, DeBiasi RL, Keller MD, Bollard CM. 2021. SARS-CoV-2-Specific T Cell Responses
Avre Stronger in Children With Multisystem Inflammatory Syndrome Compared to Children With
Uncomplicated SARS-CoV-2 Infection. Front Immunol 12:793197. [PubMed: 35116027]

Creech CB, Anderson E, Berthaud V, Yildirim I, Atz AM, Melendez Baez |, Finkelstein D, Pickrell
P, Kirstein J, Yut C, Blair R, Clifford RA, Dunn M, Campbell JD, Montefiori DC, Tomassini JE,
Zhao X, Deng W, Zhou H, Ramirez Schrempp D, Hautzinger K, Girard B, Slobod K, McPhee R,
Pajon R, Das R, Miller JM, Schnyder Ghamloush S, Kid CSG. 2022. Evaluation of mMRNA-1273
Covid-19 Vaccine in Children 6 to 11 Years of Age. N Engl J Med doi:10.1056/NEJM0a2203315.

Walter EB, Talaat KR, Sabharwal C, Gurtman A, Lockhart S, Paulsen GC, Barnett ED, Munoz
FM, Maldonado Y, Pahud BA, Domachowske JB, Simoes EAF, Sarwar UN, Kitchin N, Cunliffe L,
Rojo P, Kuchar E, Ramet M, Munjal I, Perez JL, Frenck RW Jr, Lagkadinou E, Swanson KA, Ma
H, Xu X, Koury K, Mather S, Belanger TJ, Cooper D, Tureci O, Dormitzer PR, Sahin U, Jansen
KU, Gruber WC, Group CCT. 2022. Evaluation of the BNT162b2 Covid-19 Vaccine in Children 5
to 11 Years of Age. N Engl J Med 386:35-46. [PubMed: 34752019]

Garrido C, Curtis AD 2nd, Dennis M, Pathak SH, Gao H, Montefiori D, Tomai M, Fox CB,
Kozlowski PA, Scobey T, Munt JE, Mallory ML, Saha PT, Hudgens MG, Lindesmith LC, Baric
RS, Abiona OM, Graham B, Corbett KS, Edwards D, Carfi A, Fouda G, Van Rompay KKA, De
Paris K, Permar SR. 2021. SARS-CoV-2 vaccines elicit durable immune responses in infant rhesus
macaques. Sci Immunol 6.

investors.modernatx.com. 2022. Moderna Announces its COVID-19 Vaccine

Phase 2/3 Study in Children 6 Months to Under 6 Years Has

Immunol Rev. Author manuscript; available in PMC 2023 August 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

De Paris and Permar

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Page 12

Successfully Met Its Primary Endpoint. https://www.accesswire.com/694300/Moderna-
Announces-its-COVID-19-Vaccine-Phase-23-Study-in-Children-6-Months-to-Under-6-Years-Has-
Successfully-Met-Its-Primary-Endpoint. Accessed May 16.

Pfizer. 2022. Pfizer-BioNTech COVID-19 Vaccine Demonstrates Strong Immune Response, High
Efficacy and Favorable Safety in Children 6 Months to Under 5 Years of Age Following Third
Dose. https://www.pfizer.com/news/press-release/press-release-detail/pfizer-biontech-covid-19-
vaccine-demonstrates-strong-
immune#:~:text=search%?20results%20for-,Pfizer%2DBioNTech%20COVID%2D19%20Vaccine
%20Demonstrates%20Strong%20Immune%20Response%2C,0f%20Age%20Following%20Third
%20Dose&text=NEW%20YORK%20%26%20MAINZ%2C%20Germany%2D%2D(BUSINESS
%20WIRE)%2D%2D%20Pfizer%20Inc. Accessed

Giles ML, Gunatilaka A, Palmer K, Sharma K, Roach V. 2021. Alignment of national COVID-19
vaccine recommendations for pregnant and lactating women. Bull World Health Organ 99:739—
746. [PubMed: 34621092]

Shook LL, Fallah PN, Silberman JN, Edlow AG. 2021. COVID-19 Vaccination in Pregnancy and
Lactation: Current Research and Gaps in Understanding. Front Cell Infect Microbiol 11:735394.
[PubMed: 34604115]

Butt AA, Chemaitelly H, Al Khal A, Coyle PV, Saleh H, Kaleeckal AH, Latif AN, Bertollini

R, Abou-Samra AB, Abu-Raddad LJ. 2021. SARS-CoV-2 vaccine effectiveness in preventing
confirmed infection in pregnant women. J Clin Invest 131.

Collier AY, McMahan K, Yu J, Tostanoski LH, Aguayo R, Ansel J, Chandrashekar A, Patel S,
Apraku Bondzie E, Sellers D, Barrett J, Sanborn O, Wan H, Chang A, Anioke T, Nkolola J,
Bradshaw C, Jacob-Dolan C, Feldman J, Gebre M, Borducchi EN, Liu J, Schmidt AG, Suscovich
T, Linde C, Alter G, Hacker MR, Barouch DH. 2021. Immunogenicity of COVID-19 mRNA
Vaccines in Pregnant and Lactating Women. JAMA 325:2370-2380. [PubMed: 33983379]

Beharier O, Plitman Mayo R, Raz T, Nahum Sacks K, Schreiber L, Suissa-Cohen Y, Chen

R, Gomez-Tolub R, Hadar E, Gabbay-Benziv R, Jaffe Moshkovich Y, Biron-Shental T, Shechter-
Maor G, Farladansky-Gershnabel S, Yitzhak Sela H, Benyamini-Raischer H, Sela ND, Goldman-
Wohl D, Shulman Z, Many A, Barr H, Yagel S, Neeman M, Kovo M. 2021. Efficient maternal to
neonatal transfer of antibodies against SARS-CoV-2 and BNT162b2 mRNA COVID-19 vaccine. J
Clin Invest 131.

Marks KJ, Whitaker M, Agathis NT, Anglin O, Milucky J, Patel K, Pham H, Kirley PD, Kawasaki
B, Meek J, Anderson EJ, Weigel A, Kim S, Lynfield R, Ropp SL, Spina NL, Bennett NM, Shiltz
E, Sutton M, Talbot HK, Price A, Taylor CA, Havers FP, Team C-NS. 2022. Hospitalization

of Infants and Children Aged 0—4 Years with Laboratory-Confirmed COVID-19 - COVID-NET,
14 States, March 2020-February 2022. MMWR Morb Mortal Wkly Rep 71:429-436. [PubMed:
35298458]

Menachery VD, Yount BL Jr., Debbink K, Agnihothram S, Gralinski LE, Plante JA, Graham RL,
Scobey T, Ge XY, Donaldson EF, Randell SH, Lanzavecchia A, Marasco WA, Shi ZL, Baric RS.
2015. A SARS-like cluster of circulating bat coronaviruses shows potential for human emergence.
Nat Med 21:1508-13. [PubMed: 26552008]

Menachery VD, Yount BL Jr., Debbink K, Agnihothram S, Gralinski LE, Plante JA, Graham RL,
Scobey T, Ge XY, Donaldson EF, Randell SH, Lanzavecchia A, Marasco WA, Shi ZL, Baric RS.
2020. Author Correction: A SARS-like cluster of circulating bat coronaviruses shows potential for
human emergence. Nat Med 26:1146.

Morens DM, Breman JG, Calisher CH, Doherty PC, Hahn BH, Keusch GT, Kramer LD, LeDuc
JW, Monath TP, Taubenberger JK. 2020. The Origin of COVID-19 and Why It Matters. Am J Trop
Med Hyg 103:955-959. [PubMed: 32700664]

Ge XY, LiJL, Yang XL, Chmura AA, Zhu G, Epstein JH, Mazet JK, Hu B, Zhang W, Peng C,
Zhang YJ, Luo CM, Tan B, Wang N, Zhu Y, Crameri G, Zhang SY, Wang LF, Daszak P, Shi ZL.
2013. Isolation and characterization of a bat SARS-like coronavirus that uses the ACE2 receptor.
Nature 503:535-8. [PubMed: 24172901]

Li W, Shi Z, Yu M, Ren W, Smith C, Epstein JH, Wang H, Crameri G, Hu Z, Zhang H, Zhang J,
McEachern J, Field H, Daszak P, Eaton BT, Zhang S, Wang LF. 2005. Bats are natural reservoirs
of SARS-like coronaviruses. Science 310:676-9. [PubMed: 16195424]

Immunol Rev. Author manuscript; available in PMC 2023 August 01.


https://www.accesswire.com/694300/Moderna-Announces-its-COVID-19-Vaccine-Phase-23-Study-in-Children-6-Months-to-Under-6-Years-Has-Successfully-Met-Its-Primary-Endpoint
https://www.accesswire.com/694300/Moderna-Announces-its-COVID-19-Vaccine-Phase-23-Study-in-Children-6-Months-to-Under-6-Years-Has-Successfully-Met-Its-Primary-Endpoint
https://www.accesswire.com/694300/Moderna-Announces-its-COVID-19-Vaccine-Phase-23-Study-in-Children-6-Months-to-Under-6-Years-Has-Successfully-Met-Its-Primary-Endpoint
https://www.pfizer.com/news/press-release/press-release-detail/pfizer-biontech-covid-19-vaccine-demonstrates-strong-immune#:~:text=search%20results%20for-,Pfizer%2DBioNTech%20COVID%2D19%20Vaccine%20Demonstrates%20Strong%20Immune%20Response%2C,of%20Age%20Following%20Third%20Dose&text=NEW%20YORK%20%26%20MAINZ%2C%20Germany%2D%2D(BUSINESS%20WIRE)%2D%2D%20Pfizer%20Inc
https://www.pfizer.com/news/press-release/press-release-detail/pfizer-biontech-covid-19-vaccine-demonstrates-strong-immune#:~:text=search%20results%20for-,Pfizer%2DBioNTech%20COVID%2D19%20Vaccine%20Demonstrates%20Strong%20Immune%20Response%2C,of%20Age%20Following%20Third%20Dose&text=NEW%20YORK%20%26%20MAINZ%2C%20Germany%2D%2D(BUSINESS%20WIRE)%2D%2D%20Pfizer%20Inc
https://www.pfizer.com/news/press-release/press-release-detail/pfizer-biontech-covid-19-vaccine-demonstrates-strong-immune#:~:text=search%20results%20for-,Pfizer%2DBioNTech%20COVID%2D19%20Vaccine%20Demonstrates%20Strong%20Immune%20Response%2C,of%20Age%20Following%20Third%20Dose&text=NEW%20YORK%20%26%20MAINZ%2C%20Germany%2D%2D(BUSINESS%20WIRE)%2D%2D%20Pfizer%20Inc
https://www.pfizer.com/news/press-release/press-release-detail/pfizer-biontech-covid-19-vaccine-demonstrates-strong-immune#:~:text=search%20results%20for-,Pfizer%2DBioNTech%20COVID%2D19%20Vaccine%20Demonstrates%20Strong%20Immune%20Response%2C,of%20Age%20Following%20Third%20Dose&text=NEW%20YORK%20%26%20MAINZ%2C%20Germany%2D%2D(BUSINESS%20WIRE)%2D%2D%20Pfizer%20Inc
https://www.pfizer.com/news/press-release/press-release-detail/pfizer-biontech-covid-19-vaccine-demonstrates-strong-immune#:~:text=search%20results%20for-,Pfizer%2DBioNTech%20COVID%2D19%20Vaccine%20Demonstrates%20Strong%20Immune%20Response%2C,of%20Age%20Following%20Third%20Dose&text=NEW%20YORK%20%26%20MAINZ%2C%20Germany%2D%2D(BUSINESS%20WIRE)%2D%2D%20Pfizer%20Inc
https://www.pfizer.com/news/press-release/press-release-detail/pfizer-biontech-covid-19-vaccine-demonstrates-strong-immune#:~:text=search%20results%20for-,Pfizer%2DBioNTech%20COVID%2D19%20Vaccine%20Demonstrates%20Strong%20Immune%20Response%2C,of%20Age%20Following%20Third%20Dose&text=NEW%20YORK%20%26%20MAINZ%2C%20Germany%2D%2D(BUSINESS%20WIRE)%2D%2D%20Pfizer%20Inc

	Summary:
	Introduction
	Potential innate immune factors contributing to reduced disease severity in children
	Severe disease from COVID does not occur frequently in children, yet COVID19 has become a leading cause of death in children
	Robust immunity to SARS-CoV-2 infection and vaccination in children
	Benefits far outweigh the risks: Advantages to routine early life vaccination against SARS-CoV-2
	Remaining gaps and tasks
	Concluding Remarks
	References

