Official journal
of the Spanish Society
of Chemotherapy

ISSN: 0214-3429 [ ©The Author 2022. Published by Sociedad Espafiola de Quimioterapia. This article is distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 International (CC BY-NC 4.0)(https://creativecommons.org/licenses/by-nc/4.0/).

Review

Revista Espaiiola de Quimioterapia
doi:10.37201/req/012.2022

Teresa Hernandez-
Sampelayo'

Javier Gomez-Pavon?

Juan Gonzalez del Castillo®
Mari Cruz Martin-Delgado*
Francisco Javier Martin
Sanchez®

Manuel Martinez-Sellés®
José Maria Molero Garcia’
Santiago Moreno Guillén®
Fernando Rodriguez-
Artalejo®

Julian Ruiz-Galiana™
Rafael Canton™

Pilar De Lucas Ramos
Alejandra Garcia-Botella™
Alberto Garcia-Lledd™

COVID in Pediatric Age: an opinion paper

'Pediatrics and ACES Service. Gregorio Marafion General University Hospital, Complutense University. Madrid.
*Geriatrics Service. Central Hospital of the Red-Cross. Alfonso X el Sabio University. Madrid

*Emergency Service. San Carlos University Clinical Hospital. Complutense University. Madrid.

*Intensive Medicine Service. Torrejon University Hospital. Francisco de Vitoria University. Madrid.

*Geriatrics Service. San Carlos University Clinical Hospital. Complutense University. Madrid

®Cardiology Service. Gregorio Marafion General University Hospital, European University. Madrid.

"Family Medicine. Infectious diseases. Madrid.

®Infectious Diseases Service. Ramon y Cajal Hospital. University of Alcald de Henares. Madrid. CIBER of Respiratory
Diseases

Department of Public Health. Autonomous University. Madrid

Internal Medicine Service. Ruber International Hospital. Madrid.

Cristina Calvo Rey'™

. Respiratory Diseases. Madrid.
Emilio Bouza'®

Article history

""Microbiology Service. Ramon y Cajal Hospital and Ramon y Cajal Institute for Health Research (IRYCIS). CIBER of

Emeritus. Pneumology Service. Gregorio Marafion General University Hospital, Complutense University. Madrid
“General Surgery Service. San Carlos University Clinical Hospital. Complutense University. Madrid.

"Cardiology Service. Prince of Asturias Hospital. University of Alcala. Madrid.

*Pediatric Service, Enfermedades Infecciosas y Tropicales, Hospital La Paz. Madrid

"Clinical Emeritus, Community of Madrid. Clinical Microbiology and Infectious Diseases Service of the Gregorio Marafion
General University Hospital, Complutense University. CIBER of Respiratory Diseases. Madrid.

Received: 6 February 2022; Accepted: 12 February 2022; Published: 15 March 2022

ABSTRACT

The incidence of COVID in pediatrics was underestimat-
ed during the first months of the pandemic due to the oligo-
symptomatic nature of the infection in many children and the
scarcity of diagnostic tests applied to this population. It is now
accepted that children are infected and transmit the disease
in the same way as adults. On the contrary, children have less
severe and less lethal COVID, probably due to a lower maturity
of the child's immune system, a lower number of ACE, recep-
tors and the lower presence of comorbidities in this population
group.

The development of a multisystemic inflammatory syn-
drome after SARS-CoV-2 infection in children, despite its rari-
ty, is a very serious condition that frequently requires intensive
care. Other less severe post-COVID manifestations have been
described in children but are not yet well defined.

COVID has had and continues to have a significant psycho-
logical impact on the children themselves, on their caregivers
and on the exacerbation of pre-existing psychiatric conditions.

We apply adult therapeutic principles to children but with
very low levels of evidence. Information on the tolerability
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of the available medications in this population group is still
scarce. The mortality of COVID in children is very low and gen-
erally affects children with significant comorbidities.

There are, at present, three vaccines licensed for pediatric
use which are compatible with all other vaccines applicable to
children.

In these circumstances, there has been much speculation
about the indication for vaccination in the pediatric age group,
but given its good tolerance, there are clinical and ethical rea-
sons that, in our opinion, justify it.

Keywords: COVID-19, SARS-CoV2, treatment, vaccination, omicron, delta,
ethics, inflammatory syndrome, pediatric population, pediatrics

COVID en la edad pediatrica: un documento de
opinion

RESUMEN

La incidencia de COVID en pediatria ha estado infraesti-
mada durante los primeros meses de la pandemia por el ca-
racter oligosintomatico de la infeccion en muchos nifios y por
la escasez de pruebas diagnosticas aplicadas a esta poblacion.
Hoy se admite que los nifios se infectan y transmiten la enfer-
medad igual que los adultos. Por el contrario, los nifos tienen
cuadros clinicos menos graves vy letales lo cual parece relacio-
nado con una menor madurez del sistema inmune del nifo,
una menor cantidad de receptores ACE, y la menor presencia
de comorbilidades en este grupo de poblacion.
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El desarrollo de un sindrome inflamatorio multisistémico
tras la infeccion por SARS-CoV-2 en nifos, pese a su rareza, €s
un cuadro muy grave que frecuentemente requiere cuidados
intensivos. Se han descrito otros cuadros post-COVID en nifos,
menos graves, pero todavia no muy bien definidos.

La COVID-19 ha tenido y tiene un importante impacto psi-
cologico en los propios nifos, en sus cuidadores y en la exacer-
bacion de cuadros psiquidtricos pre-existentes.

Aplicamos a los nifos los principios terapéuticos de los
adultos pero con niveles muy bajos de evidencia y la tolerancia
de los medicamentos disponibles en este grupo de poblacion
es todavia mal conocida. La mortalidad de la COVID en nifios
es muy baja e incide generalmente en nifos con importantes
comorbilidades.

Hay, en el momento presente, tres vacunas autorizadas
para el uso pediatrico y las vacunas frente a SARS-CoV-2 son
compatibles con el resto de las vacunas aplicables a nifos.

En estas circunstancias se ha especulado mucho sobre la
indicacion de vacunacion en la edad pedidtrica pero dada su
buena tolerancia, existen, en nuestra opinion, razones clinicas
y éticas que la justifican.

Palabras clave: COVID-19, SARS-CoV2, tratamiento, vacunacion, omicron,

delta, ética, sindrome inflamatorio, edad pediatrica

INTRODUCTION

At the present time, in the midst of the expansion of the
sixth wave of SARS-CoV-2 infection and its variant Omicron in
Spain, the situation of COVID-19 in pediatric age group (under
18 years of age) is a matter of concern.

The lllustrious Official College of Physicians of Madrid
(ICOMEM) has received different consultations regarding in-
fection and disease in children and the COVID-19 Committee
itself has had frequent discussions on this important popula-
tion subgroup.

At the time of writing (January 17, 2022) PubMed re-
sponds to the query about articles containing the words COV-
ID-19 or SARS-CoV-2 or Coronavirus in the title with the fig-
ure of 165,881 publications. When the pediatric age filter is
introduced, 12,286 articles focus on pediatric age patients.

For all these reasons, we thought it appropriate to ask
ourselves and try to answer a series of specific questions that
are asked on a daily basis, not only by professionals related to
the health sector, but also by the general population. Below
we present the information we have been able to collect on
this subject with the intention of providing the state of the art
on different issues on the subject.

WHAT HAS BEEN THE REAL INCIDENCE OF
COVID-19 IN PEDIATRICS?

At the beginning of the pandemic (2020), pediatric infec-
tion was thought to be less frequent than in adults, but the
data in children during that period were probably underesti-

mated [1], given the scarcity of diagnostic tests available at
that time and the peculiarities of the COVID-19 in pediatrics
(1]

For example, the prevalence of IgG antibodies against
SARS-CoV-2 in a population-based sample in Spain in 2020
was lower in those under 20 years of age than that observed in
the general population. Moreover, in them, the infection was
very often asymptomatic (44.9%) [2], which facilitated that in
clinical studies, it was under-diagnosed [3,4].

The most recent serological studies in symptomatic or
asymptomatic children show that susceptibility to infection is
similar in all age groups [5,6] and that the difference between
them is due more to different behavioral habits than to other
causes.

It is now recognized that children are infected and trans-
mit the disease in a similar way to adults, although the actu-
al incidence of SARS-CoV-2 infection in pediatrics is difficult
to know exactly. European seroprevalence studies show that
15-319% of children under 12 years of age have been infected
with the virus and this situation is increasing in recent months
throughout Europe [7]. Initially affecting adolescents, it is now
increasing preferentially in younger children, aged 5-11 years,
who are not yet fully vaccinated. As of December 9, 2021, the
incidence in Spain in children under 11 years of age was 533
cases per 100,000 inhabitants, the highest of all population
groups and almost 4 times higher than that of persons over 80
years of age [8].

WHAT HAVE BEEN THE REASONS FOR LOWER
DISEASE SEVERITY IN THIS POPULATION?

There is evidence-based consensus on the lower sever-
ity of COVID-19 in children and adolescents. The lower ma-
turity of the immune system makes children more vulnerable
to certain infections [9], but it may also make less likely the
proinflammatory state that is associated with much of the
morbidity and mortality observed in COVID-19. [3,10]. On the
other hand, the expression of the ACE, receptor, to which
SARS-CoV-2 binds, is lower in children [9,10], who also tend
to have been exposed to environmental toxins and tobacco for
a shorter time than adults, which increase the expression of
these receptors [11]. Having fewer receptors to which the virus
binds would make children less susceptible to severe infection,
and less prone to a proinflammatory response. Finally, the low-
er prevalence of comorbidities and risk factors associated with
worse outcome (obesity, diabetes and hypertension among
others) may also explain the lower severity of COVID-19 in
pediatric age [12-15].

WHAT DO WE KNOW ABOUT TRANSMISSIBILITY
OF SARS-COV-2 INFECTION IN CHILDREN?

During the course of the epidemic, we have learned that
the capacity of children to become infected, to generate viral
loads in the upper respiratory tract and to transmit viruses is
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comparable to that of adults [5]. The greater biological trans-
missibility of the latest strains, already evident in the delta and
notably in the omicron, has highlighted the vulnerability of
children to infection and their role as transmitters. The lower
vaccination rate in this age group may have marked the differ-
ences in incidence compared to adults.

The airborne route, in the home, seems to be the main
source of infection and transmission [16,17]. In schools, mainly
the younger children's classes, have not been the focus of ma-
jor epidemic outbreaks and, in fact, the outbreaks described at
the beginning of the pandemic showed more involvement of
infected teachers in the origin of the secondary cases than of
the student body [18].

As age increases, transmission behavior becomes more
similar to that of adults, and the lack of school-based preven-
tion measures also increases the rate of transmission in this
environment.

Vertical transmission is a mechanism of transmission in
the newborn and during breastfeeding, although it seems to
carry a low risk of transmission [19].

WHAT IS THE SYMPTOMATOLOGY OF COVID-19
IN CHILDREN?

Symptoms, respiratory support therapy requirements and
evolution vary depending on whether we are dealing with a
general casuistry or if we specifically review data from chil-
dren and adolescents, collected in emergency departments and
hospital records, but the figures are very concordant when the
circumstances are similar [20-22].

The symptoms in children, in addition to fever, are res-
piratory symptoms, cough, pharyngeal erythema and rhinor-
rhea, but also fatigue, vomiting and diarrhea, and alterations
of taste and smell. It is necessary to take into account the pos-
sibility of renal, cardiovascular, neurological, cutaneous, hema-
tological, hepatic and ocular alterations [23].

In one of the first systematic reviews of the literature
published in 2020, 90% of cases in children corresponded to
asymptomatic, mild or moderate forms and only 6% of cases
were severe or critical [20]. Only 2 to 5% showed oxygen satu-
ration of less than 929%, although imaging tests revealed 18%
of pneumonias and 80% of the CT scans performed showed
alterations. The results reported in a cohort of 582 children
with a confirmed diagnosis of COVID-19, of whom 13% were
recruited in primary care and the rest in hospital institutions
of different levels, are of great interest, as this is a European
multicenter study with broad Spanish participation. Sixteen
percent were asymptomatic and although 62% were admitted,
only 12% could be considered severe as they required some
type of respiratory support treatment and only 5% required
admission to the ICU. Mortality was 0.69% [24].

These data were confirmed in reviews throughout the de-
velopment of the pandemic and already in a study carried out
in a pediatric population of 135,794 subjects, 5,374 cases were

found, of which 5,015, more than 90%, were asymptomatic or
had mild symptoms. Seven percent were hospitalized and of
these 28% were admitted to the ICU and 9% required invasive
mechanical ventilation. Overall mortality was 0.2%. [25].

The data do not differ much from those found in studies
with smaller numbers of cases, but limited to children requir-
ing emergency department care. In a study of 422 children
seen in an emergency department, 78 cases of SARS-CoV-2 in-
fection were found, of which 87% were asymptomatic or mild
cases, 13% were moderate and only 1.2% were considered se-
vere [26]. In this study, 7.7% of the children required oxygen
therapy, 1.3% CPAP treatment and none required invasive me-
chanical ventilation, with no deaths.

With respect to severity risk factors leading to hospitaliza-
tion with or without admission to the ICU, age under 2 years,
comorbidity and the presence of onco-haematological disease
seem to be associated with greater severity [27,28]. In the
aforementioned European multicenter study [24], in addition
to comorbidity and younger age, the presence of pneumonia
at the time of diagnosis was also a higher risk factor.

WHAT HAS BEEN THE INCIDENCE AND
CLINICAL MANIFESTATIONS OF POST-COVID-19
MULTISYSTEMIC INFLAMMATORY SYNDROME
(MIS-C) IN CHILDREN?

Pediatric Multisystem Inflammatory Syndrome (MISC-C,
MIS-C) is a rare and severe post-infectious complication of
SARS-CoV-2 infection that mainly affects children and ado-
lescents. It is defined by WHO as an illness in a pediatric-aged
patient (O to 18 years) presenting with fever for a period = 3
days, with elevated biomarkers of inflammation (CRP, ESR or
procalcitonin) and with at least two clinical signs of multisys-
tem involvement. Such signs include: rash, bilateral nonpuru-
lent conjunctivitis, mucocutaneous inflammation (oral, hands
or feet), hypotension or shock, cardiac dysfunction, pericar-
ditis, valvulitis, coronary anomalies , elevated troponin/BNP,
evidence of coagulopathy or acute gastrointestinal symptoms
(diarrhea, vomiting or abdominal pain), with no other obvious
microbial cause of inflammation (including bacterial sepsis or
toxic shock syndrome) and with evidence of previous SARS-
CoV-2 infection [29].

Data on incidence are limited. In a cohort study of 248
persons with MIS-C in U.S. children under 21 years of age, the
incidence was 316 persons/10® SARS-CoV-2 infections. In ad-
dition, the adjusted incidence estimate was 5.1 cases/10° per-
son-months [30]. Incidence did not differ significantly by sex,
but was significantly lower in persons aged 16-20 years com-
pared with children aged 5 years or younger. The incidence
was 9 times higher among Blacks, Hispanics, or Latinos and 3
times higher among Asians or Pacific Islanders [30].

Regarding clinical manifestations, several systematic re-
views have been published including studies on MIS-C that
have provided an overview of the clinical signs, laboratory
findings, imaging test characteristics, treatments and out-
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comes of patients with MIS-C [31-34]. It generally has a het-
erogeneous clinical spectrum and none of the clinical mani-
festations or signs appear to be sensitive or specific for MISC
[32]. The median age of those with the disease is 8 years. Fever
is present in almost all cases and gastrointestinal symptoms
are predominant (65-90%), mainly abdominal pain (58-73%),
vomiting (57-68%) and diarrhea (50%). Cardiac involvement is
frequent (79%) with tachycardia (76.7%), myocarditis (41.4%)
and mild or moderate decrease in left ventricular ejection frac-
tion (LVEF between 30 and 55%; 40%) [31]. Echocardiographic
abnormalities are found in more than half of the cases, the
most common being a depressed left ventricular ejection frac-
tion (LVEF) (45.1%) [32]. Half of the patients present cardio-
genic shock and severe cardiovascular complications such as
LVEF below 30% (7%), coronary dilatation (11.6%) and aneu-
rysm formation (10%) [31]. Overall, 30-50% of MIS-C sufferers
have respiratory symptoms, including upper respiratory tract
symptoms (249%), dyspnea (27%) and multiple radiological in-
filtrates (26-55%) [32]. Non-purulent conjunctivitis (47-82%)
and skin eruptions (57-749%) such as rush or polymorphous ex-
anthema (55%) are frequently observed [31].

MIS-C cases present with significant laboratory abnor-
malities: neutrophilia and lymphopenia, significantly elevat-
ed cardiac markers (troponin and brain natriuretic peptide),
increased inflammatory biomarkers (C-reactive protein, pro-
calcitonin, ferritin, interleukin-6), and substantially increased
coagulation markers, including D-dimer and D-lymphopenia
[31-35].

The clinical manifestations of patients with MIS-C vary
according to age. Younger children (0 to 4 years), present a
lower proportion of severe manifestations and fewer admis-
sions to the ICU, with more frequent conjunctival findings, skin
rash and abdominal pain [34,35]. Patients aged 18 to 20 years
were more likely to have pneumonia, dyspnea, myocarditis,
and cardiac dysfunction [31,34,35].

The onset of MIS-C follows peaks of SARS-CoV-2 infec-
tion, with a median of 4 weeks (range 2 to 5 weeks) and usu-
ally following asymptomatic or mildly symptomatic COVID-19
cases [36]. Despite the potential severity of the disease, with
two-thirds of patients requiring ICU admission for a median of
5 days (range: 4-8 days), most recover with a fairly low report-
ed mortality rate (1.3-2%) [31-33,35,36). Death usually results
from shock and/or myocardial dysfunction.

Although MIS-C has clinical features in common with Ka-
wasaki disease or toxic shock syndrome and half of the pa-
tients with MIS-C meet the diagnostic criteria for these condi-
tions, they are distinct entities [37-41].

IS THERE A PEDIATRIC POST-COVID-19
SYNDROME?

There is increasing evidence and knowledge of post COV-
ID-19 syndrome in adults, initially described in Italy [42] and
later in China (Wuhan) in which they found that up to 76%
of cases can be symptomatic 6 months after diagnosis [43].

This is not the case in pediatrics, where data are, even today,
scarce to be able to define and diagnose post-COVID-19 syn-
drome or prolonged pediatric COVID-19. We do not know its
incidence, disease burden or long-term sequelae. First pedi-
atric cases described (year 2021) [44] are a series of 5 Swed-
ish children, mean age 10.4 years, with symptoms similar to
adult post-COVID-19 syndrome, who persist symptomatic 2-6
months after acute infection. More recent studies include co-
horts of children with prolonged post-COVID-19 sequelae in
Italy [45], Sweden [44], Russia [46], Spain [47] and the Unit-
ed Kingdom [48]. They share as risk factors for developing this
post-COVID-19 syndrome, having a history of allergic diseases
and being older than 6 years. The most frequently reported
characteristics are: age between 10.4 and 12 vyears, fatigue,
dyspnea, chest pain, difficulty concentrating and sleep distur-
bances that persist for several months after the acute infec-
tion. Management is not clearly protocolized and treatment is
symptomatic.

Prolonged follow-up of symptomatic children by special-
ized multidisciplinary teams (physicians, physical rehabilita-
tors, psychologists and psychiatrists) is important in order to
better understand the disease and the care and social needs it
may generate.

Several groups are proposing novel forms of monitoring
[49] and care of these patients, grouping patients and re-
sources in specialized units [50]. It is essential to have a good
knowledge of this new pathology and to be able to foresee the
care and social needs derived from it and its future long-term
evolution.

WHAT IS THE REAL PSYCHOLOGICAL IMPACT OF
COVID-19 ON CHILDREN?

Children are not immune, nor are they indifferent, to the
adverse psychological effects of the pandemic and quarantine
measures. Children as young as 2 years old are aware of the
changes around them and are affected by them [51]. The child/
youth population is not only afraid of infection, but is also very
concerned about the consequences it may have on their fam-
ilies. Adolescents are also concerned about the interruption of
their studies [52], limitations in their personal relationships,
etc. Many studies have focused on the psychological conse-
quences in this age group (depression, stress, anxiety, inatten-
tion, irritability, etc.) as well as on the aggravation of previous
psychiatric diseases. In a meta-analysis by Panda et al. [53] the
authors divided the studies on the subject into three catego-
ries: those on previously healthy children/adolescents, those
on children with pre-existing behavioral comorbidities and,
finally, those on the impact on caregivers confined to the chil-
dren at home/hospital.

In the group of healthy children, the work of Duan et al
[52] shows that anxiety levels are very high in both adolescents
and younger children, but depression is higher in adolescents,
mainly determined by factors such as addiction to the Internet
and smartphones. In our environment, in a survey conducted
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in Spain and Italy [54], on the impact of confinement on the
3-18 years age group, the authors report that the most fre-
quent problems were: difficulty concentrating (76.6%), irrita-
bility (39%), boredom (52%), restlessness (38%), feeling lonely
(319%), nervousness (38%), discomfort (30%), worries (30%),
anxiety (28%), anger (25%), apathy (24%), sadness (23%) and
fear (23%). These data are very similar to those found in other
studies [53].

Positive reinforcement and healthy emotional interaction
among family members is a simple but effective measure to
alleviate stress, although many will need psychological inter-
vention.

In those with pre-existing psychiatric problems, there is
a high likelihood of worsening of their behavioral symptoms
[53,55]. To mitigate this negative impact, it is necessary to ap-
ply multifaceted, age- and developmentally appropriate strat-
egies to be taken by health authorities.

In the third category, regarding confined caregivers,
52.3% and 27.4% developed anxiety and depression, respec-
tively, when isolated with the children [56,57].

WHAT IS THE CORRECT PHARMACOLOGICAL
TREATMENT OF COVID-19 IN CHILDREN?

There are no data from randomized clinical trials to es-
tablish firm recommendations on the optimal pharmacological
treatment of COVID-19 in pediatric patients. For this reason,
recommendations are largely based on efficacy and safety da-
ta obtained in adults and on the risk of disease progression
in children [58,59]. It seems reasonable to follow the recom-
mendations made for adults the older the child is or the more
severe the disease.

However, as pandemic waves have occurred, experience
has been gained in the treatment of children that allow rea-
sonable recommendations to be made, which vary according
to the clinical picture:

1.- Children with mild disease that does not require
hospitalization. In most cases the administration of sympto-
matic and supportive treatment is sufficient.

2.- Children with moderate or severe disease requir-
ing hospitalization. In this case, the administration of the fol-
lowing may be considered:

- Remdesivir: is approved for children >12 years and
weighing >40 kg. It is also available under an FDA Urgent Use
Authorization (EUA) for the treatment of COVID-19 in hospi-
talized pediatric patients weighing between 3.5 kg and <40 kg
or who are less than 12 years old and weigh more than 3.5 kg.
[60]. It could be recommended for all hospitalized children re-
quiring oxygen therapy, regardless of age and weight, with less
than 7 days of symptoms [61]. The recommendation is strong-
est for children >12 years with need for oxygen therapy and
who have risk factors for disease progression to severe forms
and for children >16 years with need for oxygen therapy, even

if they do not have risk factors for progression [62]. In most
cases the evolution is good without the need to initiate treat-
ment with remdesivir.

- Dexamethasone: would be recommended in children
requiring high-flow oxygen, noninvasive ventilation, invasive
mechanical ventilation or extracorporeal membrane oxygena-
tion (ECMO) [63]. Given the efficacy of its treatment in adults,
its use in children requiring oxygen therapy and who have
pneumonia has been widely extended.

Other drugs approved and recommended in adults, such
as other antiviral drugs, immunomodulators (tocilizumab,
sarilumab, anakinra) or drugs with anti-inflammatory activity
(baricitinib, tofacitinib) lack information to be able to recom-
mend their routine use in children. Tocilizumab has been the
most commonly used immunomodulator in critically ill pa-
tients, generally in intensive care units, especially if elevated
IL-6 levels are confirmed. Both tocilizumab and baricitinib are
currently being evaluated in clinical trials in children.

3.- Children with multisystemic inflammatory syn-
drome (MIS-C). There are only data from observational studies.
Hemodynamic and respiratory support treatment is a funda-
mental therapeutic tool. Intravenous immunoglobulins and/or
steroids are used as first-line treatments [64,65]. In some refrac-
tory cases, IL-1 (anakinra) or IL-6 (tocilizumab) inhibitors have
been used successfully [66]. The best option or appropriateness
of combination therapy is unknown, although some studies
have shown greater benefit from co-administration of immuno-
globulins and steroids than immunoglobulins alone [67].

4.- Children with underlying disease at high risk for
severe disease. There are no data to support the use of neu-
tralizing monoclonal antibodies or antiviral drugs in children
who do not require hospitalization but who have risk factors
for progression to severe disease [68]. In these cases, use could
be considered, especially in cases with more than one criterion
or age >12 years. In fact, bamlanivimab + etesevimab, casiriv-
imab + imdevimab and sotrovimab have been approved for use
in high-risk children aged >12 years and weighing >40 kg. It
is important to note that only the monoclonal sotrovimab has
been shown to be effective for the omicron variant. At present
time, there is very limited availability of these drugs in Spain,
which must be requested through the AEMPS. Remdesivir has
been tested in a clinical trial of early administration, although
only 1.4% of patients were between 12 and 18 years of age
[69], however, the use of 3 doses on an outpatient basis in pa-
tients at risk could be considered as an option.

WHAT IS THE MORTALITY RATE OF COVID-19 IN
THE PEDIATRIC AGE GROUP?

It is not easy to provide data on the mortality of the dis-
ease, which has also been changing as time has passed in the
pandemic. Of 24,778 deaths from any cause quantified as ex-
cess over the expected deaths that occurred in Spain up to
June 2020, there were only 65 deaths in children under 19
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years of age [70]. It should also be noted that in the popula-
tion base of the English National Health System there was no
excess mortality in the pediatric population in 2020 that could
be attributed to SARS-CoV-2 infection [71].

About 1% of infected children require hospitalization, less
than 0.02% require intensive care, and mortality is very low.
Generally, occurs in children with comorbidities [72].

In a review carried out by the Committee of Evi-
dence-Based Pediatrics of the Spanish Association of Pediat-
rics and the Spanish Association of Primary Care Pediatrics, it is
established with a low level of evidence that mortality in pedi-
atric patients admitted for COVID-19 is 413/100.000 patients
and, in series that also include non-hospitalized patients, from
104 to 208/100,000 cases. Most of the deaths are due to com-
plications of serious chronic diseases, and the direct causality
of COVID-19 is unclear [73].

The estimated mortality in the pediatric population in a
recent systematic review is 0.12% [4], sharply lower than that
of the general population of 2.22% worldwide in February
2021 [74].

Factors related to ICU admission (46.3%) were age, fever,
multisystem inflammatory syndrome (MIS-C) and seizures [75].

WHAT ARE THE REASONS FOR THE PROPOSAL OF
VACCINATION IN THE PEDIATRIC AGE GROUP?

Vaccination in the pediatric age group responds to the
common pandemic vaccination response. It has benefits both
for the potential pediatric patient with COVID-19 and for so-
ciety as a whole. From the individual point of view, although
the risk of severe COVID-19 in the child is lower than in the
adult [76,77], vaccination would further reduce this possibility,
even from a theoretical point of view due to new circulating
variants. Therefore, a first benefit would be the reduction of
severe infection. Also, in the case of symptomatic infection,
the vaccinated child's recovery should be much faster, which
would bring as a second benefit the reduction of the period
of non-schooling or, at least, of the time in which socializa-
tion would not be possible due to isolation after infection by
SARS-CoV-2. As a third benefit, derived from the previous one,
a better mental health would be achieved [78]. Also, since the
immune response is more efficient and longer lasting in chil-
dren than in adults, including the humoral response, vaccina-
tion at this age would generate a higher quality response [79].

At the collective level, vaccination of children would in-
crease the vaccination rates of the entire population in general
and, therefore, of the so-called herd immunity. It would limit
the possibilities of transmission between children and drift to-
wards severe disease, and from child to adult, also reducing in
this group the probabilities of acquisition of COVID-19.

Since the selection factor for new variants lies in the num-
ber of people infected with SARS-CoV-2, broad vaccination of
this group would reduce the likelihood of the emergence of
new variants [76]. Also, the absence of new variants would al-

low to maintain the current diagnostic strategies (antigen test,
PCR, serology, ...) since modifications would not be necessary.

WHAT IS THE VACCINE EFFICACY AND SAFETY OF
VACCINES IN CHILDREN?

At present there are 3 vaccines available for vaccination
of children and adolescents. In young children (5 - 11 years)
only the vaccine Comirnaty 10 mcg/dose (Pfizer & BioNTech)
is licensed [80,81]. In older children and adolescents (12-
17 years), Comirnaty 30 mcg/dose (Pfizer & BioNTech) and
Spikevax (Moderna) are used [80].

These vaccines contain a messenger RNA molecule that
facilitates the production of the virus spike protein; it is recog-
nized by the immune system, generating an antibody response
against SARS-CoV-2.

The vaccines approved in the pediatric age group have
demonstrated high immunogenicity and safety in phase 3
clinical studies. Their effectiveness in preventing severe symp-
tomatic forms of disease and lethality is expected, although
long-term effectiveness data are lacking.

The dose administered in children aged 5-11 years is one-
third of that received by adults, because their antibody re-
sponse to SARS-CoV-2 at the 10 pg dose was similar to that
seen in 16- to 25-year-olds at the 30 ug dose.

They are administered in the deltoid muscle with a sched-
ule of two doses separated by at least 8 weeks. The patterns
are different in immunosuppressed children or those under
immunosuppressive treatment [82].

Other vaccines are under development in clinical trials in
this age group and may be licensed in the future.

HOW ARE THE USUAL VACCINES COMPATIBLE
WITH THE SARS-COV-2 VACCINE IN CHILDREN?

The Interterritorial Council of the Spanish Government
published on December 7, 2021 the recommendations for vac-
cination against COVID-19 in children aged 5-11 years [83].

Childhood vaccination against SARS-CoV-2 has been in-
cluded for the first time in the Children's Systematic Vaccination
Calendar of the Spanish Association of Pediatrics 2022 [82].

Although there is insufficient data on co-administration
with other vaccines, given their characteristics and mechanism
of action, it is expected that there will be no incompatibili-
ty with the vaccines of the children's calendar. They can be
administered simultaneously (in the same medical visit) as the
rest, or sequentially (on a different day), always respecting the
rules of administration (different anatomical site, syringe and
needle). It is not necessary to respect a certain time between
COVID-19 vaccines and any other vaccine of the calendar.

There is recent information recommending the interval to be
respected between previous SARS CoV-2 infection and the ad-
ministration of the vaccines, which is at least 8 weeks for children
aged 5-11 years, and 4 weeks for adolescents aged 12-17 years.
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There is no data on the interchangeability of the author-
ized mRNA vaccines, so in primary vaccination it is recom-
mended to use the same vaccines. In patients under treatment
with other biological products (convalescent plasma or mono-
clonal antibodies) it is recommended to delay the vaccine for
3 months.

In case of special situations: immunosuppression, allergy,
etc., the vaccination of each patient will be assessed individu-
ally [82].

WHAT IS THE EXPECTED IMPACT OF ANTI-
COVID-19 VACCINATION IN CHILDREN ON
COMPLIANCE WITH THE SCHOOL CALENDAR?

During the first wave of the pandemic (until September
2020), school closures and their impact on the mental health
of schoolchildren have been reviewed by Viner et al. [84]. The
authors searched 11 databases and identified 36 studies on
the subject in 11 countries, with a total of 79,781 children
and adolescents. The duration of school closure ranged from 1
week to 3 months. The studies reported a relationship between
school closure and mental health disturbances and health be-
haviors among children and adolescents [84,85].

In Spain, Lopez-Bueno et al. have also reported the conse-
quences of school closure with not only socio-affective alter-
ations but also a decrease in physical activity in schoolchildren
and excessive exposure to screens [86]. Consequences such as
weight gain in schoolchildren have been demonstrated [87],
the progression of myopia [88, 89] and the increase in seden-
tary lifestyles [90].

On the other hand, school closures have not been shown
to clearly decrease transmission and therefore, at the present
time, it appears that the advantages of keeping schools open
outweigh the disadvantages [91].

An ECDC modeling study has shown that vaccination of
children aged 5-11 years in a country like Spain, with high
adult vaccination rates, can reduce transmission by up to 15%.
Therefore, the vaccination schedule of the Spanish Association
of Pediatrics (CAV-AEP) believes that restoring normal school
life to children is a priority objective, which has a direct impact
on their health, and can only be achieved through childhood
vaccination [82].

WHAT ETHICAL ISSUES ARE RAISED BY COVID-19
IN CHILDREN AND ITS PROPHYLACTIC AND
THERAPEUTIC MANAGEMENT?

The ethical considerations of vaccination in this age group
are supported by an assessment of the direct and indirect ef-
fects that the COVID-19 pandemic has had and continues to
have on the health and well-being of children [92]. The rela-
tively low risk posed by acute COVID-19 in children, accompa-
nied by the small but existing uncertainty about the relative
harms of vaccination and disease, make the risk-benefit bal-
ance of vaccination in the pediatric age more complex [93].

In this sense, the direct benefits are clear, if safe and effec-
tive vaccinations such as the current ones can prevent deaths
and serious illness in children, there is a clear ethical justifi-
cation for vaccination. Indirect benefits would also support
such a justification and include protection of others through
reduced spread, reduced overall stress on children from school
closures and social distancing, and reduced economic cost to
families.

Thus, the main ethical arguments in support of COVID 19
vaccination include the following [92-95]:

1. Consistency in relation to respect for autonomy.
Generally, when the range of risk is narrow, the decision is a
matter of personal choice. Between the two risks, which one
should caregivers choose? Current evidence suggests that the
risk of refusal of childhood vaccination is greater than the risk
of vaccinating children against COVID-19.

2. Local justice. Children from low socioeconomic and
ethnic minority backgrounds are especially prone to COVID-19
morbidity and the harms of social distancing. Vaccination could
mitigate these disparities.

3. Global justice. The greater the number of people vac-
cinated, the closer the society is to herd immunity and protec-
tion of the most vulnerable in it. Delaying vaccination of chil-
dren can hinder recovery from the pandemic and can deepen
socioeconomic gaps.

4. Utilitarian considerations. Currently, a major concern
is the emergence of mutations. When adults are already vac-
cinated, selection pressure will operate in a pediatric reservoir,
thus cultivating variants that spread among children, and even
undermine herd immunity.

Therefore, it would not be fair to deprive the child popu-
lation of the benefits of vaccination, which are already enjoyed
by those over 12 years of age (although the health objectives
are different) [82]. Children's access to the vaccine is a public
responsibility and the final choice is a matter of pediatric in-
formed consent.

FUNDING

None to declare

CONFLICTS OF INTEREST

The authors declare no conflicts of interest

REFERENCES

1. Tagarro A, Sanz-Santaeufemia FJ, Grasa C, Cobos E, Yebra J, Alon-
so-Cadenas JA, et al. Dynamics of Reverse Transcription-Polymerase
Chain Reaction and Serologic Test Results in Children with SARS-
CoV-2 Infection. J Pediatr. 2021. DOI: 10.1016/j.jpeds.2021.09.029

2. Pérez-Gémez B, Pastor-Barriuso R, Pérez-Olmeda M, Hernan MA,
Oteo-lglesias J, Ferndndez de Larrea N, et al. ENE-COVID nationwide
serosurvey served to characterize asymptomatic infections and to

Rev Esp Quimioter 2022;35(4): 333-343 339



A. De Malet, et al.

Comparison two blood culture bottles for the recovery of Enterobacteriaceae

develop a symptom-based risk score to predict COVID-19. J Clin
Epidemiol. 2021;139:240-54. DOI: 10.1016/j.jclinepi.2021.06.005

Badal S, Thapa Bajgain K, Badal S, Thapa R, Bajgain BB, Santana
MJ. Prevalence, clinical characteristics, and outcomes of pediat-
ric COVID-19: A systematic review and meta-analysis. J Clin Virol.
2021;135:104715. DOI: 10.1016/j.jcv.2020.104715

Shah K, Upadhyaya M, Kandre Y, Pandya A, Saraf V, Saxena D, et al.
Epidemiological, clinical and biomarker profile of pediatric patients
infected with COVID-19. Qjm. 2021;114(7):476-95. DOI: 10.1093/
gjmed/hcab206

Dawood FS, Porucznik CA, Veguilla V, Stanford JB, Duque J, Rolfes
MA, et al. Incidence Rates, Household Infection Risk, and Clin-
ical Characteristics of SARS-CoV-2 Infection Among Children
and Adults in Utah and New York City, New York. JAMA Pediatr.
2022;176(1):59-67. DOI: 10.1001/jamapediatrics.2021.4217

Willeit P, Krause R, Lamprecht B, Berghold A, Hanson B, Stelzl E,
et al. Prevalence of RT-qPCR-detected SARS-CoV-2 infection at
schools: First results from the Austrian School-SARS-CoV-2 pro-
spective cohort study. Lancet Reg Health Eur. 2021;5:100086. DOI:
10.1016/j.lanepe.2021.100086

Euroepan CDC. Interim public health considerations for COVID-19
vaccination of adolescents in the EU/EEA.2021;(December). 2021.
Available at : https://www.ecdc.europa.eufen/publications-data/
interim-public-health-considerations-covid-19-vaccination-chil-
dren-aged-5-11

Ministerio de Sanidad del Reino de Espafa. Actualizacion ne 519.
Enfermedad por el coronavirus (COVID-19). 09.12.2021 (datos con-
solidados a las 15:30 horas del 09.12.2021). Situacion en Espana.
Available at: https://www.sanidad.gob.es/profesionales/saludPub-
lica/ccayes/alertasActual/nCov/documentos/Actualizacion_519
COVID-19.pdf

Simon AK, Hollander GA, McMichael A. Evolution of the im-
mune system in humans from infancy to old age. Proc Biol Sci.
2015;282(1821):20143085. DOI: 10.1098/rspb.2014.3085

Steinman JB, Lum FM, Ho PP, Kaminski N, Steinman L. Reduced
development of COVID-19 in children reveals molecular check-
points gating pathogenesis illuminating potential therapeutics.
Proc Natl Acad Sci U S A. 2020;117(40):24620-6. DOI: 10.1073/
pnas.2012358117

Hung YH, Hsieh WY, Hsieh JS, Liu FC, Tsai CH, Lu LC, et al. Alterna-
tive Roles of STAT3 and MAPK Signaling Pathways in the MMPs Ac-
tivation and Progression of Lung Injury Induced by Cigarette Smoke
Exposure in ACE2 Knockout Mice. Int J Biol Sci. 2016;12(4):454-65.
DOI: 10.7150/ijbs.13379

Wald ER, Schmit KM, Gusland DY. A Pediatric Infectious Disease
Perspective on COVID-19. Clin Infect Dis. 2021;72(9):1660-6. DOI:
10.1093/cid/ciaa1095

Chang TH, Wu JL, Chang LY. Clinical characteristics and diagnos-
tic challenges of pediatric COVID-19: A systematic review and
meta-analysis. J Formos Med Assoc. 2020;119(5):982-9. DOI:
10.1016/}.jfma.2020.04.007

Shekerdemian LS, Mahmood NR, Wolfe KK, Riggs BJ, Ross CE,
McKiernan CA, et al. Characteristics and Outcomes of Children

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

With Coronavirus Disease 2019 (COVID-19) Infection Admitted
to US and Canadian Pediatric Intensive Care Units. JAMA Pediatr.
2020;174(9):868-73. DOI: 10.1001/jamapediatrics.2020.1948

Wu H, Zhu H, Yuan C, Yao C, Luo W, Shen X, et al. Clinical and
Immune Features of Hospitalized Pediatric Patients With Corona-
virus Disease 2019 (COVID-19) in Wuhan, China. JAMA Netw Open.
2020;3(6):€2010895. DOI: 10.1001/jamanetworkopen.2020.10895

Madewell ZJ, Yang Y, Longini IM, Jr,, Halloran ME, Dean NE. Fac-
tors Associated With Household Transmission of SARS-CoV-2: An
Updated Systematic Review and Meta-analysis. JAMA Netw Open.
2021;4(8):e2122240. DOI: 10.1001/jamanetworkopen.2021.22240

Somekh [, Sharabi A, Dory Y, Simées EAF, Somekh E. Intrafamil-
ial Spread and Altered Symptomatology of SARS-CoV-2, Dur-
ing Predominant Circulation of Lineage B.1.1.7 Variant in Is-
rael. Pediatr Infect Dis J. 2021:40(8):¢310-e1. DOI: 10.1097/
inf.0000000000003167

Gold JAW, Gettings JR, Kimball A, Franklin R, Rivera G, Mor-
ris E, et al. Clusters of SARS-CoV-2 Infection Among Elementary
School Educators and Students in One School District - Georgia,
December 2020-January 2021. MMWR Morb Mortal Wkly Rep.
2021;70(8):289-92. DOI: 10.15585/mmwr.mm7008e4

Siebach MK, Piedimonte G, Ley SH. COVID-19 in childhood: Trans-
mission, clinical presentation, complications and risk factors. Pedi-
atr Pulmonol. 2021;56(6):1342-56. DOI: 10.1002/ppul.25344

Castagnoli R, Votto M, Licari A, Brambilla |, Bruno R, Perlini S, et al.
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)
Infection in Children and Adolescents: A Systematic Review. JAMA
Pediatr. 2020. DOI: 10.1001/jamapediatrics.2020.1467

Ludvigsson JF. Systematic review of COVID-19 in children shows
milder cases and a better prognosis than adults. Acta Paediatr.
2020.DOI: 10.1111/apa.15270

Wiedenmann M, Goutaki M, Keiser O, Stringhini S, Tanner M, Low N.
The role of children and adolescents in the SARS-CoV-2 pandemic:
a rapid review. Swiss Med Wkly. 2021;151:w30058. DOI: 10.4414/
smw.2021.w30058

Pousa PA, Mendonga TSC, Oliveira EA, Simdes ESAC. Extrapulmo-
nary manifestations of COVID-19 in children: a comprehensive
review and pathophysiological considerations. J Pediatr (Rio J).
2021;97(2):116-39. DOI: 10.1016/.jped.2020.08.007

Gotzinger F, Santiago-Garcia B, Noguera-Julidn A, Lanaspa M,
Lancella L, Calo Carducci Fl, et al. COVID-19 in children and ado-
lescents in Europe: a multinational, multicentre cohort study. Lan-
cet Child Adolesc Health. 2020;4(9):653-61. DOI: 10.1016/s2352-
4642(20)30177-2

Bailey LC, Razzaghi H, Burrows EK, Bunnell HT, Camacho PEF, Chris-
takis DA, et al. Assessment of 135 794 Pediatric Patients Tested
for Severe Acute Respiratory Syndrome Coronavirus 2 Across the
United States. JAMA Pediatr. 2021;175(2):176-84. DOI: 10.1001/
jamapediatrics.2020.5052

Berksoy E, Kanik A, Cicek A, Bardak , Elibol P, Demir G, et al. Clin-
ical and laboratory characteristics of children with SARS-CoV-2
infection. Pediatr Pulmonol. 2021;56(12):3674-81. DOI: 10.1002/
ppul.25654

Rev Esp Quimioter 2022;35(4): 333-343 340



A. De Malet, et al.

Comparison two blood culture bottles for the recovery of Enterobacteriaceae

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Uka A, Buettcher M, Bernhard-Stirnemann S, Fougere Y, Moussaoui
D, Kottanattu L, et al. Factors associated with hospital and intensive
care admission in paediatric SARS-CoV-2 infection: a prospective
nationwide observational cohort study. Eur J Pediatr. 2021:1-11.
DOI: 10.1007/s00431-021-04276-9

Drouin O, Hepburn CM, Farrar DS, Baerg K, Chan K, Cyr C, et al.
Characteristics of children admitted to hospital with acute SARS-
CoV-2 infection in Canada in 2020. Cmaj. 2021;193(38):E1483-€93.
DOI: 10.1503/cmaj.210053

Matic KM. SARS-CoV-2 and Multisystem Inflammatory Syn-
drome In Children (MIS-C). Curr Probl Pediatr Adolesc Health Care.
2021;51(4):101000. DOI: 10.1016/j.cppeds.2021.101000

Payne AB, Gilani Z, Godfred-Cato S, Belay ED, Feldstein LR, Pa-
tel MM, et al. Incidence of Multisystem Inflammatory Syndrome
in Children Among US Persons Infected With SARS-CoV-2. JAMA
Netw Open. 2021;4(6):¢2116420. DOI: 10.1001/jamanetworko-
pen.2021.16420

Hoste L, Van Paemel R, Haerynck F. Multisystem inflammatory syn-
drome in children related to COVID-19: a systematic review. Eur J
Pediatr. 2021;180(7):2019-34. DOI: 10.1007/s00431-021-03993-5

Tang Y, Li W, Baskota M, Zhou Q, Fu Z, Luo Z, et al. Multisystem
inflammatory syndrome in children during the coronavirus disease
2019 (COVID-19) pandemic: a systematic review of published case
studies. Transl Pediatr. 2021;10(1):121-35. DOI: 10.21037/tp—20—
188

Belay ED, Abrams J, Oster ME, Giovanni J, Pierce T, Meng L, et al.
Trends in Geographic and Temporal Distribution of US Children
With Multisystem Inflammatory Syndrome During the COVID-19
Pandemic. JAMA Pediatr. 2021;175(8):837-45. DOI: 10.1001/jama-
pediatrics.2021.0630

Kaushik A, Gupta S, Sood M, Sharma S, Verma S. A Systemat-
ic Review of Multisystem Inflammatory Syndrome in Children
Associated With SARS-CoV-2 Infection. Pediatr Infect Dis J.
2020;39(11):e340-e6. DOI: 10.1097/inf.0000000000002888

Abrams JY, Godfred-Cato SE, Oster ME, Chow EJ, Koumans EH,
Bryant B, et al. Multisystem Inflammatory Syndrome in Children
(MIS-C) Associated with SARS-CoV-2: A Systematic Review. J Pedi-
atr. 2020. DOI: 10.1016/}.jpeds.2020.08.003

Dionne A, Son MBF, Randolph AG. An Update on Multisystem In-
flammatory Syndrome in Children Related to SARS-CoV-2. Pediatr
Infect DisJ. 2022;41(1):e6-€9. DOI: 10.1097/inf.0000000000003393

Bukulmez H. Current Understanding of Multisystem Inflamma-
tory Syndrome (MIS-C) Following COVID-19 and lIts Distinction
from Kawasaki Disease. Curr Rheumatol Rep. 2021;23(8):58. DOI:
10.1007/s11926-021-01028-4

Algarni AS, Alamri NM, Khayat NZ, Alabdali RA, Alsubhi RS, Al-
ghamdi SH. Clinical practice guidelines in multisystem inflam-
matory syndrome (MIS-C) related to COVID-19: a critical review
and recommendations. World J Pediatr. 2022:1-8. DOI: 10.1007/
$12519-021-00499-w

Suksatan W, Chupradit S, Yumashev AV, Ravali S, Shalaby MN,
Mustafa YF, et al. Immunotherapy of multisystem inflammatory
syndrome in children (MIS-C) following COVID-19 through mesen-

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

53.

chymal stem cells. Int Immunopharmacol. 2021;101(Pt B):108217.
DOI: 10.1016/}.intimp.2021.108217

Wu EY, Campbell MJ. Cardiac Manifestations of Multisystem In-
flammatory Syndrome in Children (MIS-C) Following COVID-19.
Curr Cardiol Rep. 2021;23(11):168. DOI: 10.1007/s11886-021-
01602-3

Farooq A, Alam F, Saeed A, Butt F, Khaliq MA, Malik A, et al.
Multisystem Inflammatory Syndrome in Children and Adoles-
cents (MIS-C) under the Setting of COVID-19: A Review of Clin-
ical Presentation, Workup and Management. Infect Dis (Auckl).
2021;14:11786337211026642. DOI: 10.1177/11786337211026642

Carfi A, Bernabei R, Landi F. Persistent Symptoms in Patients After
Acute COVID-19. Jama. 2020. DOI: 10.1001/jama.2020.12603

Huang C, Huang L, Wang Y, Li X, Ren L, Gu X, et al. 6-month con-
sequences of COVID-19 in patients discharged from hospital: a co-
hort study. Lancet. 2021;397(10270):220-32. DOI: 10.1016/s0140-
6736(20)32656-8

Ludvigsson JF. Case report and systematic review suggest that
children may experience similar long-term effects to adults after
clinical COVID-19. Acta Paediatr. 2020. DOI: 10.1111/apa.15673

Di Sante G, Buonsenso D, De Rose C, Valentini P, Ria FG, Sanguinetti
M, et al. Immune profile of children with post-acute sequelae of
SARS-CoV-2 infection (Long Covid). Posted May 10, 2021.medRxiv
preprint doi: 101101/2021050721256539;

Osmanov IM, Spiridonova E, Bobkova P, Gamirova A, Shikha-
leva A, Andreeva M, et al. Risk factors for long covid in previ-
ously hospitalised children using the ISARIC Global follow-up
protocol: A prospective cohort study. Eur Respir J. 2021. DOI:
10.1183/13993003.01341-2021

Nogueira Lépez J, Grasa C, Calvo C, Garcia Lopez-Hortelano M.
Long-term symptoms of COVID-19 in children. Acta Paediatr.
2021;110(7):2282-3. DOI: 10.1111/apa.15849

Emergencies SAGf. ONS: update on long COVID-19 prevalence esti-
mate, 1 February 2021.UK,Govermment;2021. Available at: https://
www.gov.uk/government/publications/ons-update-on-long-cov-
id-19-prevalence-estimate-1-february-2021.

Nogueira Lopez J, Grasa Lozano C, Ots Ruiz C, Alonso Garcia L,
Falces-Romero 1, Calvo C, et al. [Telemedicine follow-ups for
COVID-19: Experience in a tertiary hospital]. An Pediatr (Engl Ed).
2020;95(5):336-44. DOI: 10.1016/j.anpedi.2020.10.017

Morrow AK, Rowena Ng, Vargas G, Dasal Tenzin Jashar, Henning E,
Stinson N, et al. Postacute/long COVID in Pediatrics. Development
of a Multidisciplinary Rehabilitation Clinic and Preliminary case se-
ries. . Am J Phys Med Rehabil. 2021;100:1140-7. DOI:

Imran N, Zeshan M, Pervaiz Z. Mental health considerations for
children & adolescents in COVID-19 Pandemic. Pak J Med Sci.
2020;36(Covid19-54):S567-s72. DOI: 10.12669/pjms.36.COV-
ID19-54.2759

Duan L, Shao X, Wang Y, Huang Y, Miao J, Yang X, et al. An investi-
gation of mental health status of children and adolescents in china
during the outbreak of COVID-19. J Affect Disord. 2020;275:112-8.
DOI: 10.1016/}.jad.2020.06.029

Panda PK, Gupta J, Chowdhury SR, Kumar R, Meena AK, Madaan P,

Rev Esp Quimioter 2022;35(4): 333-343 341


https://doiorg/101101/2021050721256539

A. De Malet, et al.

Comparison two blood culture bottles for the recovery of Enterobacteriaceae

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

et al. Psychological and Behavioral Impact of Lockdown and Quar-
antine Measures for COVID-19 Pandemic on Children, Adolescents
and Caregivers: A Systematic Review and Meta-Analysis. J Trop
Pediatr. 2021;67(1). DOI: 10.1093/tropej/fmaa122

Orgilés M, Morales A, Delvecchio E, Mazzeschi C, Espada JP. Im-
mediate Psychological Effects of the COVID-19 Quarantine in
Youth From Italy and Spain. Front Psychol. 2020;11:579038. DOI:
10.3389/fpsyg.2020.579038

Bobo E, Lin L, Acquaviva E, Caci H, Franc N, Gamon L, et al. [How
do children and adolescents with Attention Deficit Hyperactivity
Disorder (ADHD) experience lockdown during the COVID-19 out-
break?]. Encephale. 2020. DOI: 10.1016/j.encep.2020.05.011

Yuan R, Xu QH, Xia CC, Lou CY, Xie Z, Ge QM, et al. Psychological
status of parents of hospitalized children during the COVID-19 ep-
idemic in China. Psychiatry Res. 2020;288:112953. DOI: 10.1016/j.
psychres.2020.112953

Kim H, Park KJ, Shin YW, Lee JS, Chung S, Lee T, et al. Psychological
Impact of Quarantine on Caregiversata Children's Hospital for Con-
tact with Case of COVID-19. J Korean Med Sci. 2020;35(28):e255.
DOI: 10.3346/jkms.2020.35.6255

Chiotos K, Hayes M, Kimberlin DW, Jones SB, James SH, Pinnin-
ti SG, et al. Multicenter Initial Guidance on Use of Antivirals for
Children With Coronavirus Disease 2019/Severe Acute Respiratory
Syndrome Coronavirus 2. J Pediatric Infect Dis Soc. 2020;9(6):701-
15. DOI: 10.1093/jpids/piaa045

Dulek DE, Fuhlbrigge RC, Tribble AC, Connelly JA, Loi MM, EI Chebib
H, et al. Multidisciplinary Guidance Regarding the Use of Immu-
nomodulatory Therapies for Acute Coronavirus Disease 2019 in
Pediatric Patients. J Pediatric Infect Dis Soc. 2020;9(6):716-37. DOI:
10.1093/jpids/piaa098

Food and Drug Administration. Fact sheet for healthcare provid-
ers: emergency use authorization (EUA) of veklury (remdesivir) for
hospitalized pediatric patients weighing 3.5 kg to less than 40 kg
or hospitalized pediatric patients less than 12 years of age weigh-
ing at least 3.5 kg. 2020. Available at: https://www.fda.gov/me-
dia/137566/download

Goldman DL, Aldrich ML, Hagmann SHF, Bamford A, Camacho-Gon-
zalez A, Lapadula G, et al. Compassionate Use of Remdesivir in Chil-
dren With Severe COVID-19. Pediatrics. 2021;147(5). DOI: 10.1542/
peds.2020-047803

La Tessa A, Motisi MA, Marseglia GL, Cardinale F, Licari A, Manti
S, et al. Use of remdesivir in children with COVID-19 infection: a
quick narrative review. Acta Biomed. 2021;92(57):e2021524. DOI:
10.23750/abm.v92iS7.12396

COVID-19 Treatment Guidelines Panel. COVID-19 Treatment
Guidelines Panel. Coronavirus Disease 2019 (COVID-19) Treatment
Guidelines. National Institutes of Health. 2022. Available at: https://
www.covid 19treatmentguidelines.nih.gov/

Henderson LA, Canna SW, Friedman KG, Gorelik M, Lapidus SK, Bas-
siri H, et al. American College of Rheumatology Clinical Guidance
for Multisystem Inflammatory Syndrome in Children Associated
With SARS-CoV-2 and Hyperinflammation in Pediatric COVID-19:
Version 1. Arthritis Rheumatol. 2020. DOI: 10.1002/art.41454

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Garcia-Salido A, Anton J, Martinez-Pajares JD, Giralt Garcia G,
Gomez Cortés B, Tagarro A, et al. [Spanish consensus document
on diagnosis, stabilisation and treatment of pediatric multisystem
inflammatory syndrome related to SARS-CoV-2 (SIM-PedS)]. An
Pediatr (Engl Ed). 2021;94(2):116.e1-.e11. DOI: 10.1016/j.anpe-
di.2020.09.005

McArdle AJ, Vito O, Patel H, Seaby EG, Shah P, Wilson C, et al. Treat-
ment of Multisystem Inflammatory Syndrome in Children. N Engl J
Med. 2021;385(1):11-22. DOI: 10.1056/NEJM0a2102968

Quldali N, Toubiana J, Antona D, Javouhey E, Madhi F, Lorrot M,
et al. Association of Intravenous Immunoglobulins Plus Methyl-
prednisolone vs Immunoglobulins Alone With Course of Fever in
Multisystem Inflammatory Syndrome in Children. Jama. 2021. DOI:
10.1001/jama.2021.0694

Wolf J, Abzug MJ, Wattier RL, Sue PK, Vora SB, Zachariah P, et al.
Initial Guidance on Use of Monoclonal Antibody Therapy for Treat-
ment of Coronavirus Disease 2019 in Children and Adolescents. J
Pediatric Infect Dis Soc. 2021;10(5):629-34. DOI: 10.1093/jpids/
piaal75

Gottlieb RL, Vaca CE, Paredes R, Mera J, Webb BJ, Perez G, et al.
Early Remdesivir to Prevent Progression to Severe Covid-19 in Out-
patients. N Engl J Med. 2021. DOI: 10.1056/NEJMoa2116846

Pastor-Barriuso R, Pérez-Gomez B, Hernan MA, Pérez-Olmeda M,
Yotti R, Oteo-lIglesias J, et al. Infection fatality risk for SARS-CoV-2
in community dwelling population of Spain: nationwide seroepide-
miological study. Bmj. 2020;371:m4509. DOI: 10.1136/bmj.m4509

Odd D, Stoianova S, Williams T, Sleap V, Blair P, Fleming P, et al.
Child mortality in England during the COVID-19 pandemic. Arch Dis
Child. 2022;107(1):14-20. DOI: 10.1136/archdischild-2020-320899

Calvo C, Tagarro A, Méndez Echevarria A, Fernandez Colomer B,
Albaiil Ballesteros MR, Bassat Q, et al. COVID-19 pandemic. What
have we learned? An Pediatr (Engl Ed). 2021;95(5):382.¢1-.¢8. DOI:
10.1016/j.anpede.2021.10.002

Gonzélez Rodriguez P, Pérez-Moneo Agapito B, Albi Rodriguez MS,
Aizpurua Galdeano P, Aparicio Rodrigo M, Ferndndez Rodriguez MM,
et al. COVID-19: Critical appraisal of the evidence. An Pediatr (Engl
Ed). 2021;95(3):207.e1-.e13. DOI: 10.1016/j.anpede.2021.05.003

Comité/Grupo de Pediatria Basada en la Evidencia de la AEP y
AEPap. COVID-19 en Pediatria: valoracion critica de la evidencia.
2021. Available at: https://www.aepap.org/grupos/grupo-de-pedi-
atria-basada-en-la-evidencia/biblioteca/covid-19-en-pedi-
atria-valoracion-critica-de-la-evidencia

Bhalala US, Gist KM, Tripathi S, Boman K, Kumar VK, Retford L, et
al. Characterization and Outcomes of Hospitalized Children With
Coronavirus Disease 2019: A Report From a Multicenter, Viral
Infection and Respiratory lliness Universal Study (Coronavirus
Disease 2019) Registry. Crit Care Med. 2022;50(1):e40-e51. DOI:
10.1097/ccm.0000000000005232

Boppana SB, Pinninti SG, Britt WJ. Coronavirus Disease 2019 and
Children. J Infect Dis. 2021;224(11):1807-9. DOI: 10.1093/infdis/
jiab511

Yonker LM, Boucau J, Regan J, Choudhary MC, Burns MD, Young
N, et al. Virologic Features of Severe Acute Respiratory Syndrome

Rev Esp Quimioter 2022;35(4): 333-343 342



A. De Malet, et al.

Comparison two blood culture bottles for the recovery of Enterobacteriaceae

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Coronavirus 2 Infection in Children. J Infect Dis. 2021:224(11):1821-
9. DOI: 10.1093/infdis/jiab509

ECDC. Interim public health considerations for COVID-19 vaccina-
tion of adolescents in the EU/EEA. 1 June 2021. Stockholm: 2021.
Available at : https://www.ecdc.europa.eufsites/default/files/docu-
ments/Interim-public-health-considerations-for-COVID-19-vacci-
nation-of-adolescents.pdf

Renk H, Dulovic A, Seidel A, Becker M, Fabricius D, Zernickel M, et al.
Robust and durable serological response following pediatric SARS-
CoV-2 infection. Nat Commun. 2022;13(1):128. DOI: 10.1038/
s41467-021-27595-9

Ministerio de Sanidad, Consejo Interterritorial de Salud, Asoci-
acion Espafola de Pediatria, Vacunas. CAd. Vacunacion Covid en
Poblacién Infantil: Preguntas Y Respuestas. 2021. Last updated, 23
december, 2021 Available at: https://www.sanidad.gob.es/profe-
sionales/saludPublica/prevPromocion/vacunaciones/covid 19/docs/
Vacuna_COVID_adolescentes_PreguntasyRespuestas.pdf

Walter EB, Talaat KR, Sabharwal C, Gurtman A, Lockhart S, Paulsen
GC, et al. Evaluation of the BNT162b2 Covid-19 Vaccine in Chil-
dren 5 to 11 Years of Age. N Engl J Med. 2021. DOI: 10.1056/NEJ-
Mo0a2116298

CAV AEdP. Calendario de Vacunaciones de la Asociacion Espafola
de Pediatria. Razones y bases de las recomendaciones 2022. Avail-
able at: https://vacunasaep.org/profesionales/calendario-de-vacu-
naciones-de-la-aep-2022

Consejo Interterritorial del Sistema Nacional de Salud. Recomen-
daciones de vacunacion frente a COVID-19 en poblacion infantil
de 5a 11 afos. 7 de diciembre de 2021 Available at https://www.
sanidad.gob.es/profesionales/saludPublica/prevPromocion/vacuna-
ciones/covid 19/docs/Recomendaciones_vacunacion_infantil.pdf

Viner R, Russell S, Saulle R, Croker H, Stansfield C, Packer J, et al.
School Closures During Social Lockdown and Mental Health, Health
Behaviors, and Well-being Among Children and Adolescents Dur-
ing the First COVID-19 Wave: A Systematic Review. JAMA Pediatr.
2022. DOI: 10.1001/jamapediatrics.2021.5840

Zhu'S, Zhuang Y, Lee P, Li JC, Wong PWC. Leisure and Problem Gam-
ing Behaviors Among Children and Adolescents During School Clo-
sures Caused by COVID-19 in Hong Kong: Quantitative Cross-sec-
tional Survey Study. JMIR Serious Games. 2021;9(2):e26808. DOI:
10.2196/26808

Lopez-Bueno R, Lopez-Sénchez GF, Casajus JA, Calatayud J,
Tully MA, Smith L. Potential health-related behaviors for pre-
school and school-aged children during COVID-19 lockdown: A
narrative review. Prev Med. 2021;143:106349. DOIl: 10.1016/j.
ypmed.2020.106349

Rundle AG, Park Y, Herbstman JB, Kinsey EW, Wang YC. COV-
ID-19-Related School Closings and Risk of Weight Gain Among
Children. Obesity (Silver Spring). 2020;28(6):1008-9. DOI: 10.1002/
0by.22813

Zhang X, Cheung SSL, Chan HN, Zhang Y, Wang YM, Yip BH, et al.
Myopia incidence and lifestyle changes among school children dur-
ing the COVID-19 pandemic: a population-based prospective study.
Br J Ophthalmol. 2021. DOI: 10.1136/bjophthalmol-2021-319307

89.

90.

91.

92.

93.

94.

95.

Hu J, Liu J, Wang J, Shen M, Ge W, Shen H, et al. Unfavorable pro-
gression of obesity in children and adolescents due to COVID-19
pandemic: A school-based survey in China. Obesity (Silver Spring).
2021;29(11):1907-15. DOI: 10.1002/0by.23276

Dallolio L, Marini S, Masini A, Toselli S, Stagni R, Bisi MC, et al. The
impact of COVID-19 on physical activity behaviour in Italian pri-
mary school children: a comparison before and during pandemic
considering gender differences. BMC Public Health. 2022;22(1):52.
DOI: 10.1186/s12889-021-12483-0

White P, Ceannt R, Kennedy E, O'Sullivan MB, Ward M, Collins A.
Children are safe in schools: a review of the Irish experience of
reopening schools during the COVID-19 pandemic. Public Health.
2021;195:158-60. DOI: 10.1016/j.puhe.2021.04.001

The Lancet Infectious D. Should we vaccinate children against
SARS-CoV-2? Lancet Infect Dis. 2021;21(7):889. DOI: 10.1016/
$1473-3099(21)00339-x

Persad G, Peek ME, Emanuel EJ. Fairly Prioritizing Groups for Access
to COVID-19 Vaccines. Jama. 2020. DOI: 10.1001/jama.2020.18513

Rudan |, Adeloye D, Katikireddi V, Murray J, Simpson C, Shah SA, et
al. The COVID-19 pandemic in children and young people during
2020-2021: A complex discussion on vaccination. J Glob Health.
2021;11:01011. DOI: 10.7189/jogh.11.01011

Brusa M, Barilan YM. Voluntary COVID-19 vaccination of children: a
social responsibility. J Med Ethics. 2021;47(8):543-6. DOI: 10.1136/
medethics-2021-107370

Rev Esp Quimioter 2022;35(4): 333-343 343



	_Hlk85268104

