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Abstract
The current level of knowledge about the COVID-19
infection on babies and children is still uncertain.
Regardless of the world health situation reports especially
in developing countries, it remains crucial to maintain a
future progress in understanding why babies are less
infected than adults. This question is complex and quite
speculative. Researchers should include the level of
exposure to a confirmed case at which transmission is
more likely to occur, taking into consideration the age
factor and the immune system, since babies are not very
affected by the virus. Sometimes, COVID-19 infection in
babies is less commonly reported or absent. This review
provides a proposed hypothesis focused on understanding
COVID-19 infection on babies. General concepts of
vaccination and CoV19 recombination are also outlined.
Keywords: COVID 19; Infection; Babies; Understanding;
Recombination

Introduction
In late December 2019, in Wuhan City (Hubei Province,
China), a novel coronavirus (CoV) named ‘ ‘ 2019-nCoV ’ ’
responsible for severe acute respiratory syndrome was
declared by the World Health Organization (WHO) [1]. Because
of the international travel, the virus spread from this city to
the rest of the world, the 11 May, 2020 we recorded 4006257
confirmed cases and 278892 confirmed deaths in 2020 [2].
Due to the great debate of CoV19 origin and development,
we think that we have a limited knowledge. Coronaviruses are
able to survive in many environments through an acquired
mutation and recombination with relative ease to alter host
range and tissue tropism efficiently [3]. The evolution and
diversification of viruses is due to virus cross-species

transmission among hosts, appearing in many instances to be
preferential to coevolving within an initial host [4].

Literature Review
The coronavirus pandemic has stirred up a great debate
about the selective age for this virus. Many researchers
indicated that virus infection is not selective in age, as it was
reported even in a 1-month-old infant [5]. Among the 44 672
confirmed cases, 77.8% are between 30 and 69 years old and
51.4% are male [6]. Furthermore, published data suggest that
babies and children are less likely to be infected than adults
and older one.
Unlike infected adults, children consistently make up <2% of
total case numbers in reported ones as discussed here. Thus,
the determination of the spectrum of disease in children is
subject to many limitations especially for developing countries.
Consistent with RCPCH Research and evidence team reports
[7], it has been shown that children under the age of 18 and
infected with COVID-19 represent only 2% of total cases
worldwide. In another epidemiological study [8], it has been
reported that few patients of children and infants were
infected compared to patients aged between 35 and 55 years.
Based on other data published so far [9], it has been reported
that COVID-19 was associated with age. Many reports found
that children younger than nine years accounted for just 1%
whereas children aged between ten and 19 accounted for
5.2% of cases.
Data from CDC (Centers for Disease Control and Prevention)
suggest that most COVID-19 cases in children are not severe,
serious COVID-19 illness resulting in hospitalization still occurs
in this age group [10]. Furthermore, Lu et al. [11] reported that
pediatric COVID-19 cases were less severe than cases in adults.
Disease characteristics among pediatric patients in the
United States have not been described [12] despite the three
cases of CoV19 positive children who died in New Jersey [10].
In morbidity and mortality weekly report [9], American
children infected by COVID-19 under 18 years old represented
only 1.7% of the whole population. The CDC report have
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shown that infants <1 remain underrepresented among
COVID-19 cases in patients of all ages (393 of 149,082: 0.27%)
[10].
According to CDC data, children aged <1 and 1-4 years
presented 15%, 11%, respectively [10]. Notably, Lavezzo et al.
[13] outcome revealed no cases among the 374 children under
ten years of the city of Vo' (Province of Padua, Italy).
Accordingly, this outcome might underestimate the reality
because of the reported pediatric cases and their links with
the CoV19 infection since most cases reported among children
and babies to date have not been severe. So, reasons for any
potential difference in COVID-19 incidence or severity
between ages remain unclear. The RCPCH research indicated a
low rate of 0.01% (equivalent to one in 10,000 cases) of death
in children [7]. Other data from China and Italy indicated that
children represented approximately 5% of cases and less than
1% of admissions to hospital [14]. Few cases were reported
under 5 or 6 years. Currently, it is known that 5.6% was the
result of the largest review of children with severe COVID-19
(112/2143 Chinese cases) [15].

Are babies less vulnerable and largely spared
from the effects of the SARS-CoV-2 or related
coronavirus?
Understanding how and why babies are not susceptible to
infection with this virus is critical. The clinical outcomes for
babies and CoVID-19 are limited, no estimation was given.
Here, we are highlighting how babies are less vulnerable to
COVID-19 ’ s effects or attacks. We explain in part recent
findings on the CoV19 recombination and immunization.
According to Bi et al. [16] deaths in children due to
COVID-19 have been extremely rare (0.01%), for babies it is
not yet clear and many questions are unanswered. Basically,
two factors are presented here: ACE-2 receptors and babies’
vaccination, providing protection against CoV19 infections.
Importantly, the virus needs a receptor on the target cell to
be known and to start his life cycle. Initial encounters between
a virus and a host cell are mediated through viral surface
components, either membrane glycoproteins or sites on a viral
capsid [17]. The ligands that are on the target cell surface can
be glycolipid and/or of glycoprotein nature [18].
A several cell surface components were described and
identified, certain viruses use single molecular species as
receptors such as CD155 for poliovirus [19,20], the low-density
lipoprotein receptor (LDLR) for human rhinovirus 2 [21], and
dendritic cell specific intercellular adhesion molecule-3grabbing nonintegrin (DC-SIGN) for the phleboviruses (a
subgroup of bunyaviruses) [22]. While, more than one
molecular species are used as receptors: angiotensinconverting enzyme (ACE) or liver-SIGN (L-SIGN) for SARS
coronavirus [23,24]; and scavenger receptor-B2 (SR-B2) or Pselectin glycoprotein ligand-1 (PSGL-1) for enterovirus 71 [25].
For other viruses like Human immunodeficiency viruses (HIVs),
the process is more complex. Multiple cell surface components
are required and receptors are exhibited dependency that
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involves engagement with at least two distinct plasma
membrane components [19].
Angiotensin-converting enzyme 2 (ACE2) was found to be an
efficient receptor for the S glycoprotein of SARS-CoV [26,27].
As reported in several researches, children have less ACE-2
receptors in their lower airways (lungs) than in their upper
airways, that is why they have thankfully been largely spared
from the COVID-19 risks and effects.
As reported by Peiris et al. [28] the SARS-CoV virus causes
atypical pneumonia with diffuse alveolar damage with an
overall mortality of ≈10% that ranges from 0% in children and
50% in persons over 65. Thus, the number of reported
COVID-19 cases in babies remains low and no deaths cases
were reported. They are less vulnerable to COVID-19 effects,
but they can still be infected. The public health researchers
indicated that children are not the face of this pandemic. The
first question to be asked is why the virus seems to affect
children and babies differently?
We should ask ourselves whether the low numbers of child
infections recorded is due to the low numbers of children
being exposed or being infected. Several questions need to be
addressed within the stronger transmission and propagation of
the new CoVID19 virus. First, why is this virus more
transmissible than other CoV that cause severe respiratory
disease (SARS-CoV and MERS-CoV)? Is it a developed virus or a
mutated one? Second, SARS-CoV and MERS-CoV infection in
babies is less commonly reported and sometimes absent, is
the virus mutating to ovoid babies? Is because of their
immunization (vaccination schedules)?
It is noteworthy that via the vaccination, babies are
protected from many immunogens. It was reported that a
child who receives all the recommended vaccines in his
immunization schedule may be exposed to up to 320 antigens
through vaccination by the age of 2 [29]. Antibodies seem to
provide a protective immunity for babies, as discussed in detail
in the following sections.

CoV19 and vaccination schedule
We refer to the vaccination schedule to give our opinion and
to explain the link between the CoV19 and the other ARN
viruses. Genetic recombination between strains of vaccine /
vaccine or vaccine / wild poliovirus, and between enterovirus
is a phenomenon known for several years [30], the biological
consequences of these genetic exchanges are responsible for
several epidemics. Furthermore, it was suggested that genetic
modifications contribute significantly in the evolution of
coronaviruses and the acquisition of a new or more virulent
phenotype responsible for the CoV19 pandemic.
Moreover, CoV19 seems to avoid babies because they are
immunized against paramyxovirus, morbillivirus, rhinovirus,
enterovirus and influenza virus during the first 5 years. They
have high level of antibodies against viruses in their immune
systems. The concept of immunosenescence is not put into
play in this review since young adult are also victim of CoV19.
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IgM was the first produced antibody in the case of a primary
immune response, without isotype switching and with the
constant kinetic: IgM-IgG; IgM-IgA; IgM-IgE. A significant
amount of antibodies in a baby’s immune system will allow the
SELF to face several antigens. The outcome of this active
(acquired) immunization depends on the nature of the vaccine
(live-attenuated, inactivated or a subunit) or on these
immunogenic properties.
In addition to BCG vaccine, ten antigenic fragments:
Diphtheria (Diphtheria toxoid), Tetanus (inactivated tetanus
toxin), Poliomyelitis (Inactivated polio vaccine), Pertussis
(DTaP: diphtheria, tetanus, and acellular pertussis), Meningitis
due to Haemophilus: influenzae b (polysaccharide vaccine),
pneumonia and pneumococcal septicemia (polysaccharide
vaccine), Hepatitis B (Subunit/conjugate), Measles, mumps,
rubella (MMR combined vaccine) (Live, attenuated vaccine)
are administered during the first months (2, 4 and 11) and the
12 months.
The best evidence supporting our opinion comes from
Netea et al. [31] study, the BCG vaccine and some other live
vaccines are able to induce metabolic and epigenetic changes
that enhance the innate and the specific immunity already
controlled by LTCD4. Furthermore, Curtis et al. [32] reported
that viraemia after SARS-COV-2 exposure is reduced in the
presence of BCG vaccine with consequent less severe
COVID-19. On 11 April 2020, WHO updated its ongoing
evidence review of the major scientific databases and clinical
trial repositories for COVID-19 and BCG vaccine. This update
was done according to three preprints in which the authors
have tried to explain the link between the incidence of
COVID-19 cases in countries and the BCG vaccine. We felt that
several aspects of this link need further researches since the
WHO recommend only neonatal BCG vaccination.
Additionally, during natural breast feeding babies are
passively immunized (passive immunity). Maternal antibodies
(isotype IgA) are transferred from breast milk or colostrum’s to
the GALT system (Gut Associated Lymphoid Tissue). The
acquired immunity presents an anti-infectious role and
enhances immune functions such as opsonization,
neutralization and activation of the complement. An earlier
study by Van de Perre [33] showed the presence of antiidiotypic antibodies in the maternal milk. These molecules are
capable of enhancing infant antibody response especially for
mucosal portal of entry. In the same study, antirotaviral IgA
can be detected in stools of breast-fed but not bottle-fed
neonates.
The above studies provide insight into the importance of
babies’ vaccination. Antibodies are playing a fundamental role
in the humoral immunity (LTB) and indirectly are orienting the
cellular response (LTH (TCD4) and CTLs (TCD8)). So, with this
antibodies ’ diversity, each isotype or molecule will target
specifically in either binding sites on outer proteins or nucleic
acid. Therefore, from all what was mentioned above, it seems
clear that immunizing babies presents a protective barrier
against CoV19. The mentioned evidence has supported the role
of the active immunization (vaccination) to protect babies from
CoV19 infection.
© Copyright iMedPub
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Moreover, the immune memory is generated by vaccination;
antibodies are secreted continuously to induce rapid recall
responses. Our discussion corroborates with Cao et al. [34]
study about SARS-CoV-2 infection in children. According to
Zhang [35], leukocytes and lymphocytes levels were normal
and no depletion occurred within CoV19 virus.

The β-coronaviruses lineages and CoV19
As mentionned by Zhou et al. [36] Coronaviruses (CoVs)
possess the largest known RNA genomes identified so far
typically ranging from 27 to 32 kb [37]. Coronaviruses (CoVs)
are from Nidovirales order and belong to Coronaviridae family
and Coronavirinae subfamily [38], which is divided into four
genera, α-coronavirus, β-coronavirus, δ-coronavirus and γcoronaviruses. The most diversified genus is the βcoronaviruses with 4 lineages (A, B, C and D). Previously, it was
demonstrated that Alpha-CoVs and beta-CoVs circulate in
mammalian hosts, whereas avian species are infected by
gamma coronaviruses. Delta coronaviruses infect both avian
and mammalian species [39].
In Wu et al. [40] commentary, six kinds of human CoVs are
highlighted. Representative alpha coronaviruses include
human coronavirus NL63 (HCoV-NL63), porcine transmissible
gastroenteritis coronavirus (TGEV), enteropathogenic porcine
epidemic diarrhea virus (PEDV), and porcine respiratory
coronavirus (PRCV). The known severe acute respiratory
syndrome coronavirus (SARS-CoV), and Middle East respiratory
syndrome coronavirus (MERS-CoV), mouse hepatitis
coronavirus (MHV), bovine coronavirus (BCoV), and human
coronavirus OC43 belong to the Beta coronavirus genus [31].
Avian infectious bronchitis coronavirus (IBV) [40] and porcine
delta coronavirus (PdCV) represent gamma coronaviruses and
delta coronaviruses, respectively [41].
Previous reports showed seven CoVs infecting humans
(HCoVs), represented by HCoV-229E, HCoV-NL63 in the αcoronaviruses and HCoV-OC43-HCoV-HKU1 in the βcoronaviruses lineage A. In addition, SARS-CoV and SARS-CoV-2
belong to β- coronaviruses lineage B and MERS-CoV to βcoronaviruses lineage C (Figure 1).
Several recent excellent reviews delve into the knowns and
the unknowns of HCoV origin in terms of reservoir species,
amplification host, and, more generally, of CoV ecology [40].
Interestingly, Vijgen et al. [42] reported in an absolute
quantitation of human Coronaviruses study that HCoVs are
recognised as one of the most rapidly evolving viruses owing
to its high genomic nucleotide substitution rates and
recombination. Other studies found a significant association of
urbanization and poultry farming in the expedition of HCoVs
evolution. Like many other viruses, it seems from the available
data of Jones et al. [43] that this emergence is linked to
agricultural intensification and environmental change. All
these factors and change have permitted a frequent mixing of
species and facilitated the crossing of species barrier and
genomic recombination [43].
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protein can adapt new strategy with relative ease to interact
and bind to many receptors on target cells.
Genome expansion in CoVs is believed to be at least partially
mediated by increased replication fidelity. Given its continuous
exposure to the host, the mutation rate for CoVs differs.
Possibly depending on the phase of CoV adaptation to target
hosts. Early study demonstrated that these viruses may
possess an unusually high replication fidelity [46] compared to
other RNA viruses. Recent research published the genome size
of coronaviruses, which ranges between approximately
26,000-32,000 bases and includes a variable number (from 6
to 11) of open reading frames (ORFs) [47]. The first one
(ORF1a and ORF1b) encodes the replicas proteins with a great
extension (2/3 of the genome) and the remaining ORF1 (1/3)
encodes structural proteins: S (spike protein), E (envelope
protein), M (membrane protein) and N (nucleocapsid protein)
[48].
It is interesting to note that the high mutation rates in RNA
viruses may help researchers to track the spread and the
evolution of SARS-CoV-2 [49] especially when the host is a
child or baby. It was reported that Coronaviruses likely have
lower mutation rates than other RNA viruses because of an
inherent capacity for some proof-reading activity due to a 30to-50 exoribonuclease [50]. Nowadays, it seems that this
conclusion has changed since this virus had acquired high
mutation rates and had preferentially affected adults at the
moment and not babies. The evidence to date suggests that
very few children develop severe Covid-19 symptoms or can be
asymptomatic.
Figure 1 aAn overview of highly pathogenic viruses until the
spread of the new pandemic of coronavirus SARSCoV 2
(COVID-19). Scheme represents SARSCoV 2 as the seventh
member of Coronaviridae infecting humans with SARS
CoV-1 in 2003 and MERS CoV-1 in 2012. bThe Beta-CoV
Lineage is the most diversified compared to Alpha-CoV,
many reassorting variants are with known and unknown
origin or host tropism. Including Beta-CoV Lineage B (SARSCoV CV7, SARS-CoV tor2) Beta-CoV Lineage C (MERS-CoV
(EMC2012), MERS-CoV (Is. Korean)) and Beta-CoV Lineage A
(HCoV-HKU1, HCoV-OC43).

Plasticity of the coronavirus (CoVs) genome
Thus, the significant plasticity of the coronavirus (CoVs)
genome makes these viruses agents with high evolutionary
potential. CoVs are prone to genetic evolution through
accumulation of point mutations and homologous
recombination among members of the same genus [44]. There
are numerous reports of CoV genomes; in which the evidence
favors the view that they display high plasticity in terms of
gene content and recombination. Forni et al. [45] research on
molecular evolution of human coronavirus has provided novel
insight into it genome. This genetic instruction expands the
sequence space available for adaptive mutation, and the spike
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Contrastingly, researchers have no answers or explanations
regarding the significant number of amino acid substitutions
between the 2019-nCoV and SARS or SARS-like CoVs. They
discovered six mutations occurred on the other region of the
receptor-binding binding motifs that directly interact with
human receptor ACE2 protein [39]. This data has contributed
extensively to explain the host tropism and transmission
property of the 2019-nCoV compared to SARS-CoV but it is
essential to gather many studies on children or babies.
The common feature of these viruses is that they are
positive and negative ARN viruses. However, coronaviruses are
quite distinct since they are positive-sense RNA viruses, which
undergo recombination at high frequency. Chen and Li [51]
had proposed that CoVs (and other viruses) stole additional
genes from their hosts. CoV genomes do not only evolve by
gene gains and losses, but also via subtler changes that modify
protein sequences, and recombination has an important role
in reassorting variants [45].
As mentioned above, many molecular pathways are
considered to be responsible for the CoV evolution although
the evolutionary history of CoV19 is controversial. Recent
studies indicated that genomes not only evolve by gene gains
and losses, but also via subtler changes that modify protein
sequences [45]. Other researchers assumed that
recombination events have an important role in reassorting
variants and the genetically engineered modifications may
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affect the CoV evolution without any advantageous for health
research investigations.
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