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Abstract
Background: With more than 800000 deaths and 20 million of confirmed cases worldwide, SARS-CoV 2 is one of the worst pandemic
of the last decade. Questions concern the etiology of this pandemic outbreak. Was the world prepared for this pandemic? Efforts

have been oriented towards treating patients who are infected presenting severe Covid-19 and preventing the spread of the virus
by several means [lockdown, quarantine, social distancing, masks, antiseptic solutions]. Whereas evidence concerning the etiology

treatment is still uncertain and lacking at this moment, efforts in developing vaccines for preventing another future pandemic are
organized. What lessons can we get from this pandemic? Several papers have reported that children present less severe signs and
symptoms than adults. There is also evidence that children at any age can be severely affected. If children are less affected than adults,

why is it so? With this serious pandemic outbreak, were we or will we be prepared in the future to face a similar serious worldwide
health emergency? How will we be prepared?

The Objectives of this review was to find answers to the above mentioned questions.

Methods and Materials: This review was realized between 18 March 2020 and 30 June 2020 by electronic search of scientific articles dealing with Covid-19 or SARS-CoV 2 or Coronaviridae in children in Google and Pubmed databases without date limitation.
1085 articles were identified among which 200 were retained for analysis and 48 were included for the review.
Results and Conclusions: Several reviews have been published today. This review brings updates on the
outbreak of the SARS-CoV 2 pandemic in children.
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Introduction

In almost 2 decades, there have been three pandemic outbreaks

Since December 2019, the world has been facing a global health

caused by coronaviruses [2-5]. The first coronavirus outbreak epi-

zation (WHO) coronavirus disease situation reports of 20 August

acute respiratory syndrome coronavirus) responsible of 8422 cas-

emergency situation caused by the COVID-19 (coronavirus disease
2019) pandemic outbreak. According to the World Health Organi-

2020, there were 22 566 220 confirmed cases and 782456 deaths
worldwide with the Americas being the most affected continent

(11 887 224 confirmed cases) followed by Europe (3 874 604 confirmed cases), South East Asia (3 308 987 confirmed cases), East-

ern Mediterranean (1 776 899 confirmed cases), Africa (975 551

confirmed cases) and Western Pacific (432 214 confirmed cases)
[1].

demic took place in 2002-2003 in China and Hong Kong which was

caused by unknown coronavirus identified as SARS-CoV (severe

es and 916 deaths [2-5]. The second epidemic outbreak occurred

in 2012 in the Middle East, in Saudi Arabia where the identified
etiologic coronavirus was MERS-CoV [Middle East respiratory syndrome coronavirus] which caused 2495 cases and 858 deaths [2].

The third pandemic outbreak began in December 2019 in Wuhan,

China and has affected the whole world with the known worldwide
dramatic health, social and economic consequences; the pathogen
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rapidly identified was SARS-CoV 2 (severe acute respiratory syn-
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Since the beginning of the pandemic, a lot of scientific publica-

drome coronavirus 2), another coronavirus [4,6,7]. If this evolution

tions have emerged concerning SARS-CoV 2 and COVID-19. The

within a decade or earlier. What lessons can we get from these re-

dated [4]. A lot of published papers reported higher susceptibility

continues, one would expect another pandemic outbreak caused

by another unknown pathogen and more virulent agent to occur
petitive pandemic outbreaks?

What explains this dramatic evolution with successive pandem-

ic outbreaks?

Coronaviruses are crownlike viruses which cause seasonal com-

mon colds in children and adults in general [8]. Several pathogenic
and more virulent strains have emerged namely SARS-CoV, MERS-

CoV and SARS-CoV 2 which cause more than common colds precisely pneumonia and severe acute respiratory syndrome. Corona-

viruses are part of the coronaviridae family [9,10]. These viruses
have an RNA [ribonucleic acid] genome. The coronaviridae are

physiopathology of severe acute respiratory syndrome due to
SARS-CoV 2 has been widely explored and is beginning to be elucito COVID-19 in high risk adult patients compared to children [4].

Children were considered to be less affected than adults by COVID-19 however several severe cases reporting Kawasaki-like syn-

drome rapidely emerged during the pandemic in Europe [13]. This

review had the objective of updating data concerning COVID-19 in
children since the beginning of the pandemic in December 2019
and also to determine how the situation has been dealt with and
evolved from a local point of view to a global point of view.

Methods and Materials

Electronic search of Google and Pubmed databases was realized

divided in four subgroups alpha, beta, gamma and delta coronavi-

between 18 March and 30 June 2020 for articles dealing with Co-

contains 17 subtypes among which are SARS-CoV, MERS-CoV and

identified among which 200 were retained for analysis of which 48

ruses [9,10]. The subgroup alpha coronavirus contains 11 subtypes

among which are human CoV 229E, Bat CoV 1A. The subgroup beta

SARS-CoV2. In the subgroups delta and gamma there are 7 and 2
subtypes respectively. Each subtype of each subgroup can present

different strains which highlight the complexity of these viruses
[9]. Alpha and beta coronaviruses infect mammals, delta and gam-

vid-19 or SARS-CoV 2 or coronaviridae in children in Google and

Pubmed databases without date limitation. 1085 articles were
were included for the review.

Results

The articles included were mainly reviews, case series, case

ma coronaviruses infect avian species and mammals [9,10]. Reser-

reports, observational prospective and retrospective studies and

[10]. Camels are known reservoir hosts for MERS-CoV. Pangolins

In the general population, children present 1-5% of the infected

voir hosts are bats and rodents for alpha and beta coronaviruses.
Reservoir hosts for delta and gamma coronaviruses are unknown
are suspected intermediate reservoir hosts for SARS-CoV [9].

SARS-CoV 2 has a genome which resembles to SARS-like bat CoV

by more than 80%. SARS-CoV and SARS- CoV2 have 73% similar-

ity in receptor binding domains [9]. SARS-CoV 2 spike glycoprotein
(which is the part of the virus interacting with the angiotensin con-

verting enzyme receptor at the surface of cells to enter the latter)
is a combination of bat SARS-CoV and a non identified beta coronavirus [9].

The mortality rate of SARS-CoV, MERS-CoV and SARS-CoV2 is

10, 37 and 2% respectively. Compared to SARS-CoV and MERS-CoV,
SARS-CoV 2 is more contagious with a transmission rate (R0) of
2-3 [9].

Transmission is between individuals by direct contact, aerosol-

ization, airbone and contact with infected surfaces [11,12].

experience sharing point of views.

cases [14]. In the general pediatric population, the infected cases

with SARS-CoV 2 represent between 0.02 and 12,3% [15,16]. In the
general population, 5-10% of the infected individuals develop com-

plete severe respiratory syndrome in COVID-19 and the majority of
the infected cases develop mild to moderate respiratory symptoms
[17]. 7.8% of the pediatric cases develop severe COVID-19 [15]. All

ages are susceptible of being affected from neonates to teenagers
[18-22]. Mortality rate of COVID-19 is between 2-3% [20]. The pro-

portion of asymptomatic pediatric patients varies between 15 and

50% [16,23-26]. Most of the infected children (more than 90%) my

present as asymptomatic or with mild to moderate symptoms and

signs [27]. Common symptoms and signs reported in children were
fever, cough, sore throat, flu-like syndrome, pneumonia, abdominal
pain, vomiting, diarrhea; neurologic symptoms and signs like axial
hypotonia, drowsiness and moaning sounds [16,20,26-31].
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On laboratory findings, increase in c-reactive protein, procalci-

tonin and lactate deshydrogenase can be observed [20].

Several cases of Kawasaki-like syndromes have been reported

in Europe since the outbreak of the pandemic [13,32,33]. This clinical presentation is due to a post viral immunological reaction to

SARS-CoV 2 [13]. In a case series, it has been reported fatal outcome in rare cases of Kawasaki-like syndrome [32]. Treatment

with intravenous immunoglobulins and corticosteroids improved
outcome in Kawasaki-like syndrome [13].

As in adults, the severe and critical deterioration observed in

SARS-CoV 2 infected patients has the same etiopathology in chil-

dren, namely cytokine storm which is a hyperinflammatory state

characterized by an increased release of different cytokines. The
increase in cytokine release is responsible of organ failure which
can be observed in severely and critically affected patients with
SARS-CoV2 [4,34-38].

SARS-CoV 2 has a transmissibility rate (R0) of 2-3 and is high-

er than that of SARS-CoV or MERS-CoV [22]. The transmission is

interindividual, perinatal with possible vertical transmission,
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Treatment is mainly symptomatic and supportive in severe cas-

es including mechanical ventilation and cardiocirculatory support
[44].

Several therapeutics used in COVID-19 in adults have not

showed their efficacy in terms of survival. In children, these drugs
have not been studied in large pediatric cohorts and will not be
discussed here.

Vaccines could be a solution for preventing a new pandemic

outbreak. To date there are no approved human coronavirus vaccines. SARS-CoV and MERS-CoV vaccines have been tested in animals but did not reach the phase I and thus cannot be tested in humans. Vaccines for SARS-CoV 2 need safety evaluation in humans

and this can take some time. Antibodies in coronavirus infections

are not always related to a long-lived immunity and reinfection is
possible in some individuals with mild symptoms or no symptoms

[8]. The future vaccines have to take this observation into account.
In SARS-CoV 2 the target for vaccine has been identified as the surface protein S [8].

Several groups are working on vaccines using protein subunit,

airbone, by aerosolization and by contact with infected surfaces

RNA, DNA, non replicating vector, inactivated virus, attenuated vi-

The median incubation period is 4.7 days (3-7) [3]. However

ferent clinical research phases which may take up to 18 months

[11,18,19,39-41].

there is evidence that that this period could be longer than 14 days
[29,42].

Diagnosis can be made by dectecting viral RNA with real-time

reverse transcriptase PCR [polymerase chain reaction] assay on

pharyngeal swabs or stool swabs bearing in mind that confirmed
cases of SARS-CoV 2 on pharyngeal swabs can reveal positive stool
swabs during the convalescent period after negativation of the respiratory swabs up to 14 days later. This observation may indicate
a possible oro-fecal transmission [43].

CT thoracic scans may help to confirm the diagnosis in con-

firmed and suspected cases. Most common

imaging findings on thoracic CT scans were bilateral patchy

rus and virus-like particle based vaccine candidates [8]. Vaccine
development takes time because of the necessity to go through difor more. The muting characteristics of coronaviruses could explain

the difficulties and challenges in the development of vaccines.
The ideal vaccine would be the one that would protect against all

coronaviruses. The muting characteristics of coronaviridae is also

a threat of future epidemics and pandemics. This underlines the
importance of developing polyvalent vaccines [8].

The best treatment remains prevention and in the absence of

a vaccine, usual preventive measures including quarantine in con-

firmed or suspected cases, antiseptic solutions and masks remain
applicable and have shown their efficacy.

Discussion

Since the outbreak of COVID-19 pandemic in December 2019.

ground glass opacities [16].

Several measures have been decided worldwide to reduce and

avoid unnecessary radiation.

to be reorganized in hospitals to face the increasing number of pa-

CT scans should be used with caution in children in order to

stop the spread including lockdowns, social distancing, quarantine,

masks and antiseptic solutions. Local and global functioning had
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tients admitted to hospitals and the intensive care units. In France,

number of infected cases as well. A modelling study to predict the

missions in order to cope with this health emergency and deal

end 2020 has been published [47].

the Paris Hospitals, Assistance Publique Hôpitaux de Paris (APHP)
had to reorganize and centralize the management of hospital adwith the increasing number of admissions [13,45]. Necker Enfants

Malades University Hospital is the referential Center for SARS-CoV

number of COVID-19 infected pediatric patients to be admitted to
hospital and in the pediatric intensive care unit in the USA before

According to this modelling study using a cumulative pediatric

2 pediatric patients in Paris.

infection proportion scenario of 5%, there would be 3.7 million of

vere or critically ill pediatric patients admitted for SARS-CoV 2 in

pediatric intensive care unit (PICU) in the USA [47]. This study un-

At the beginning of the pandemic outbreak, there were no se-

Necker Enfants Malades University Hospital. Later on several cases
concerning a recrudescence of Kawasaki-like syndrome were reported. In Necker Enfants Malades University Hospital several dozens of children with suspected and confirmed Kawasaki-like syndrome were admitted with favorable outcome after intravenous

immunoglobulins and corticosteroids [13]. The increase of this
pediatric vascularitis was related to SARS-CoV 2 exposure in these
children. This pediatric inflammatory multisystem syndrome temporally associated with SARS-CoV2 infection is a state of post-viral

immunological reaction to SARS-CoV-2 [13]. In this clinical presentation of COVID 19, superantigens could be involved by inducing a

hyperinflammatory state with increase of cytokine release responsible of a multisystem inflammatory response syndrome in chil-

dren. This observation confirms that children can also be severely

impacted by SARS-CoV 2. Other coronaviruses have been reported
to cause Kawasaki-like and Kawasaki syndromes.

Several publications have reported that children were less sus-

ceptible to SARS-CoV 2. Hypotheses explaining why children seem
less impacted by SARS-CoV include different activity in the expression of angiotensin converting enzyme 2 receptor which plays a

role in virus cell entry; a more developed innate immune system
developed in children; immunosenescence due to aging in adults;
the presence of other viruses in pediatric respiratory tract limits

the development of SARS-CoV 2; children travel less and thus less
exposed; immature immune system and weaker adaptative immune response in children limiting the hyperinflammation.

Apart from being affected physically, the SARS-CoV 2 pandemic

outbreak has also revealed that children were particularly mentally

and psychologically affected as revealed in a recent survey [6]. An-

other consequence of this pandemic is the risk and possibility of

increasing learning gaps in most vulnerable children due to school
closure [46]. School closure has proved it’s efficacy in reducing the

children infected with SARS-CoV 2, 9907 severely ill children requiring hospitalization and 1086 critically ill children requiring

derlines the importance of anticipating the propagation of the epi-

demic in order to apply the preventive measures and also prepare
the hospitals to face epidemic emergency health states. Similar

modelling scenarios have been employed in France in Paris Hospitals, Assistance Publique Hôpitaux de Paris (APHP) to face the pandemic [45]. These scenarios also can help to prepare the outbreak

of a second pandemic wave in the actual period which remains a
possible challenging eventuality. What explains the emergence of a

such global and worldwide public health crisis? A possible hypothesis of this worldwide spreading of the epidemic can be explained

by the travelling and social mixing lifestyles which underline the
importance and basis of lockdowns to prevent the spread of the
virus. A recent paper reporting the analysis of the genome of SARS-

Cov 2 strains in infected cases diagnosed in the beginning of the
epidemic in France revealed that the actual epidemic outbreak in
France and Europe was not caused by initial imported cases from

Wuhan but caused by strains of unknown origin [48]. This observation could indicate other possible etiologies of the origin of the

pandemic namely changes in the ecosystem with possible mutations of existing coronaviruses becoming more pathogen and virulent. SARS-CoV2 has a lot of similarities with SARS-CoV and Bat

SARS-CoV [9]. Bats are known reservoir hosts and pangolins as intermediate hosts for SARS-CoV. There are probably more other unknown coronavirus reservoirs which constitue a potential source

of emerging virulent pathogens. This emphasizes the urgent necessity of developing polyvalent vaccines against existing virulent
coronaviruses and also capable of neutralizing potential emerging
muting strains of coronaviridae.

Conclusion

Most coronaviruses cause common colds in children with flu-

like syndrome clinical presentation. The latest identified coronavi-

ruses SARS-CoV, MERS-CoV and SARS-CoV2 can cause severe acute
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respiratory syndrome less commonly in children of all ages. In this

4.

reaction with increased cytokine and other inflammation media-

5.

critical and severe clinical presentation, patients can present with

multiple organ failure which is due to an exacerbated immunologic
tors release characteristic of cytokine storm.

In children, a particular severe clinical presentation has been

described and reported, namely Kawasaki-like syndrome which is
due to an immunologic reaction involving superantigens after ex-

posure to SARS-CoV 2. Favorable outcome with corticosteroids and
passive immunization therapy with intravenous immunoglobulins
has been described in children with Kawasaki-like syndrome.

Barrier protective measures remain the most effective preven-

tion to date in the absence of an available vaccine against SARS-

6.
7.
8.
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Haslak F., et al. “Childhood Rheumatic Disease and Covid-19
Pandemic: An Intriguing linkage and a New Horizon”. Balkan
Medical Journal 37.4 (2020): 184-188.

Guarner J. “Three emerging coronaviruses in two decades. The
story of SARS, MERS and Now COVID -19”. American Journal of
Clinical Pathology 153 (2020): 420-421.
Jiao WY., et al. “Behavioral and Emotional Disorders in Children during the COVID-19 Epidemic”. European Paediatric Association 221 (2020): 264-266.
Kickbusch I., et al. “COVID-19: How a virus is turning the world
upside down”. BMJ 369 (2020): m1336.

Amanat F and Krammer F. “SARS-CoV 2 Vaccine: Status Report”. Immunity 52 (2020): 583-589.

Shereen MA., et al. “COVID-19 infection: Origin, Transmission
and Chararcteristics of Human Coronaviruses”. Journal of Advanced Research 24 (2020): 91-98.

CoV2 and other potential pathogenic and virulent coronaviruses.

9.

stitue a possible source of other emerging viruses which could cause

10. Abd El-Aziz TM and Stockand JD. “Recent Progress and Challenges in Drug Development Against COVID-19 Coronavirus
(SARS-CoV 2)- An Update in the Status”. Genetics and Evolution
(2020).

Coronaviridae have some identified reservoir hosts but there are
still other non identified potential reservoir hosts which may con-

new pandemic outbreaks. This implies a continuous preparedness
in order to control future pandemic outbreaks. Preparedness necessitates a close collaboration of the scientific research community, healthcare givers and the main stakeholders at a global level.

Vaccines are solutions to prevent new pandemics. Due to the muting characteristics of coronaviridae, a polyvalent vaccine capable

of neutralizing different coronaviruses might be a future promising

solution. In the meantime, a vaccine against SARS-CoV 2, responsi-

ble of the actual pandemic outbreak is an urgent priority to control
the spread of the disease.
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