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Abstract
The fast diffusion of the SARS-CoV-2 pandemic have called for an equally rapid evolution of the therapeutic
options.
The Human recombinant monoclonal antibodies (mAbs) have recently been approved by the Food and Drug
Administration (FDA) and by the Italian Medicines Agency (AIFA) in subjects aged ≥12 with SARS-CoV-2 infection
and specific risk factors.
Currently the indications are specific for the use of two different mAbs combination: Bamlanivimab+Etesevimab
(produced by Eli Lilly) and Casirivimab+Imdevimab (produced by Regeneron).
These drugs have shown favorable effects in adult patients in the initial phase of infection, whereas to date few
data are available on their use in children.
AIFA criteria derived from the existing literature which reports an increased risk of severe COVID-19 in children with
comorbidities. However, the studies analyzing the determinants for progression to severe disease are mainly
monocentric, with limited numbers and reporting mostly generic risk categories.
Thus, the Italian Society of Pediatrics invited its affiliated Scientific Societies to produce a Consensus document
based on the revision of the criteria proposed by AIFA in light of the most recent literature and experts’ agreement.
This Consensus tries to detail which patients actually have the risk to develop severe disease, analyzing the most
common comorbidities in children, in order to detail the indications for mAbs administration and to guide the
clinicians in identifying eligible patients.
Keywords: Monoclonal antibody, COVID19, Adolescents, Risk factors

* Correspondence: luisa.galli@unifi.it
3
Infectious Diseases Unit, Meyer Children’s University Hospital, Florence, Italy
18
Department of Health Sciences, University of Florence, Florence, Italy
Full list of author information is available at the end of the article
© The Author(s). 2022 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

Lanari et al. Italian Journal of Pediatrics

(2022) 48:7

Introduction
The fast diffusion of the SARS-CoV-2 pandemic together with the increasing knowledge of the virus have
called for an equally rapid evolution of the therapeutic
options evaluated to deal with this new pathogen. During the last two years, the scientific community has
made an unprecedented effort investing enormous resources in the development of new therapies and vaccines against SARS-CoV-2. Human recombinant
monoclonal antibodies (mAbs) have recently been approved by the Food and Drug Administration (FDA) for
the emergency use in subjects infected with SARS-CoV2 and with specific risk factors [1–3].
The Italian Medicines Agency (Agenzia Italiana del
Farmaco - AIFA), in compliance with the decree of
Health Ministry of 02-06-2021 (published on Gazzetta
Ufficiale – GU – n. 32 of 02/08/2021), established the
indications for use of the following mAbs: bamlanivimab
(published on the GU n.58 of the 03/09/2021, revoked
on the 05/06/2021 with notification on the GU n.108 of
the 7/5/2021), bamlanivimab and etesevimab (published
on GU n.66 of the 03/17/2021, last updated on GU n.
142 of the 06/16/2021) and casirivimab and imdevimab
(published on GU n.71 of the 03/23/2021, last updated
on GU n.187 of the 08/06/2021).
Currently the indications are specific for the use of
two different mAbs combinations:
– Bamlanivimab+Etesevimab (produced by Eli Lilly)
– Casirivimab+Imdevimab (produced by Regeneron).
Both those drugs’ combinations act in the same way
targeting epitopes of the Receptor Binding Domain
(RBD) of the SARS-CoV-2’s spike protein, which represents the main antigen of the virus. This prevents the
connection between the pathogen and the Angiotensin
Converting Enzyme type 2 (ACE-2) receptors, blocking
the spread into the host’s cells and causing the
opsonization of the virus [4, 5].
The rapid development of these new molecules has
been accompanied by poor data on their utilization in
adults and by a lack of studies regarding efficacy and
safety in pediatric patients. Notably, some studies
in vitro have showed a limitation in control of replication of the viral variants and a growing risk of developing new variants [6, 7].
However, despite the limited data regarding these
drugs, those seem to guarantee a favorable security and
efficacy profile in adult patients [8] in the initial phase of
infection (with mild or moderate symptoms and high
viral loads) for which we still need a reliable therapeutic
option. To date no studies about the efficacy and the
safety of anti SARS-CoV-2 monoclonal antibodies in
pediatric patients have been published. In addition,
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infected pediatric patients have often showed a favorable
outcome regardless of the presence of risk factors or comorbidities [8]. For these reasons, their utilization is still
under debate [9] calling for a judicious and detailed use.
Regarding these considerations and the risk of an increased diffusion of COVID-19, as Italian Society of
Pediatrics (Società Italiana di Pediatria - SIP) and other
pediatric subspecialist scientific society, we try to detail
the indications for the use of mAbs in the pediatric
population, upon the available evidence from the scientific literature and experts’ recommendation.
Therefore, FDA and AIFA have allowed those drugs to
be used also in the pediatric patients limited to subjects
aged at least 12 years, with recently diagnosed SARSCoV-2 infection and mild or moderate symptoms, in
presence of specific risk factors for an higher risk of progression to severe disease [10].
AIFA’s indications for the use of anti-SARS-CoV-2
mAbs (Bamlanivimab-Etevesimab o ImdevimabCasarivimab) are reported in Table 1 [11].
Those risk categories are derived from the existing literature which reports an increased risk for severe
COVID-19 in children with comorbidities. However the
studies analyzing the determinants for progression to severe disease are mainly monocentric, with limited numbers and reporting mostly generic risk categories (e.g.
hearth diseases, chronic respiratory diseases, neurologic
anomalies, immunodeficiencies) [12].
In particular, in a meta-analysis on 285,000 pediatric
patients infected by SARS-CoV-2, children with comorbidities had a relative risk ratio of severe infection and
mortality respectively of 1.79 and 2.81 more than those
Table 1 AIFA’s indications for the use of anti-SARS-CoV-2 mAbs
in subjects between 12 and 17 years old
Patients aged ≥12 years old, who tested positive for SARS-CoV-2, with
mild-moderate disease, a recent onset (less than 10 days, except for patients with immunodeficiency and persistently positive molecular test
but negative serologic test)* and the presence of risk factors for severe
disease:
- Body Mass Index (BMI) ≥95°percentile for age and gender
- Chronic renal failure, including hemodialysis or peritoneal dialysis
- Uncontrolled Diabetes mellitus (HbA1c > 9% or 75 mmol/mol) or with
chronic complications
- Primary and secondary Immunodeficiencies
- Haemoglobinopathies
- Cerebral vascular diseases (including high blood pressure with organ
damage)
- Neurodevelopment and degenerative diseases
- Chronic obstructive pulmonary disease e/o other respiratory chronic
conditions (for examples asthma, pulmonary fibrosis or condition
requiring oxygen therapy not for SARS-CoV-2)
- Chronic hepatopathy (with following box warning: “mAbs have not
been studied in patients with moderate or severe hepatic impairment”)
*Bamlanivimab+Etesevimab is approved for outpatients (nothospitalized patients) without supplemental oxygen therapy for COVID
19; Casirivimab+Imdevimab is approved also for hospitalized patients
and for patients with conventional oxygen therapy (excluding high flow
and mechanical ventilation)
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without comorbidities. Nevertheless, the relative low
numbers of the children with the different comorbidities
precluded an analysis of the relative risk (RR) for single
underlying condition, except for obesity [13].

Methods
This paper has been drawn up by the SIP on initiative of
the Pediatric Pharmacology Study Group and the Italian
Society of Pediatric Infectious Diseases (SITIP), in collaboration with the scientific committees and the experts
of the main scientific societies affiliated to SIP (Italian
Society of Pediatric Endocrinology and Diabetology –
SIEDP; Italian Association of Pediatric Haematology and
Onchology – AIEOP; Italian Society of Pediatric Cardiology – SICP; Italian Society of Infantile Respiratory Diseases – SIMRI; Italian Society of Pediatric
Gastroenterolgy, Hepatology and Nutrition – SIGENP;
Italian Society of Pediatric Allergology and Immunology
– SIAIP; Italian Society for Pediatric Nephrology –
SINePe; Italian Society of Pediatric Neurology – SINP;
Technical table for Infectious Diseases of the Italian Society of Pediatrics; Italian Society of Cystic Fibrosis –
SIFC).
PubMed database was searched from inception to the
31st July 2021 for papers on risk factors for progression
to severe disease following COVID-19 infection. Papers
describing the risk of infection, the course of disease and
the outcome in the patients with the underlying conditions below were included. Due to the lack of evidence
regarding the pediatric patients no age restrictions were
applied to the search.
Obesity

Obesity (defined by BMI ≥ 95° percentile by WHO), as
described for the adult and in the only meta-analysis
about pediatric patients, could be regarded as an important risk factor for the progression to severe/critic disease
(RR: 2.87; 95%CI: 1.16–7.07) [13]. This statement is further supported by a recent multicenter study where
obesity was found to be strongly associated to the risk of
hospitalization (RR: 3.07; 95%CI: 2.66–3-54) [14].
The relation between obesity and severe disease outcome may due to the pro-inflammatory action of the
adipose tissue with a local and systemic increase in cytokines as Interleukin-6 (IL-6). Other determinants are the
endothelial disfunction, insulin resistance, renal damage
and hypertension which are more frequent in the obese
patient, even if more typical of the adult instead of the
pediatric population [13, 15].
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systemic vasculopathy and the increased thrombotic risk.
In contrast, the limited data available for this disease in
pediatric age describe for those patients a risk of progression to severe SARS-CoV-2 similar to that of the
general population [16, 17].
However, given the limited quality of the papers available, mainly observational studies or case series, the use
of mAbs in this category should still be considered.
About thalassemia, currently there are no studies
about the pediatric age. In the adult patient the risk of
developing a severe/critical infection is considered
dependent on the severity of the hemoglobinopathy as
affirmed in the position statement of the Thalassemia
International Federation. This consensus identifies as exposed to a greater risk patients with severely reduced
levels of hemoglobin (< 7 g/dl), severe comorbidities or
iron overload [18, 19].
However, thalassemia itself, independently from
hemoglobin levels, iron overload or other comorbidities
carries a risk for thrombosis and for pulmonary complications which is greater than that of the general population [20, 21]. So this Panel retain reasonable allowing
the use of anti-SARS-CoV-2 mAbs in patients with
thalassemia major (transfusion-dependent thalassemia)
or intermedia (non transfusion-dependent thalassemia),
regardless of the hemoglobin levels (which may be
influenced by the transfusions), iron overload or
comorbidities.
For the same reason, in analogy to what observed in
the adult population, the mAbs should be used also in
patients with hereditary or acquired thrombophilia
which are likely to be at greater risk to develop severe
disease when infected by SARS-CoV-2.
Regarding patients with onco-hematological conditions, an in-press paper identifies lymphopenia (< 300/
mmc), neutropenia (< 500/mmc) and high intensity
treatment (Acute Monoblastic Leukemia [AML], induction and reinduction phase for patients with Acute
Lymphoblastic Leukemia [ALA] and Non-Hodgkin
Lymphoma [NHL], patients who undergone autologous
[< 30 days] or allogenic [< 100 days] hematopoietic cells
transplantation) as factors potentially connected with severe COVID-19 disease. In these categories of patients
the administration of mAbs should thus be considered.
About immunosuppressant therapies (e.g. rituximab,
anti-thymocyte globulin), the Panel considers reasonable
a case-by-case approach under the guidance of the Specialized Pediatrician in charge for the patient.
Transplant recipients

Hematological risk factors

Patients with sickle cells anemia should be regarded as
“high risk population”, because of their immunity disfunction secondary to the functional asplenia, the

In solid organ transplant recipients, evidence from
the adult suggests an increased mortality among those
infected by SARS-CoV-2, which seems to be mainly
secondary to the comorbidities and to the old age of

Lanari et al. Italian Journal of Pediatrics

(2022) 48:7

these patients than to the transplant-related immunosuppression [22].
On the contrary, data regarding pediatric transplant
recipient describes a severity of SARS-CoV-2 disease as
in general population [23–25]. However, waiting for new
data, the Panel retains appropriate to consent the use of
mAbs in solid organ transplant recipients.
Hematopoietic cells transplantation recipients
(within 3 months if autologous, 6 months if allogenic, or
with chronic active graft-versus-host-disease) should be
considered at high risk for progression to severe/critical
disease if infected by SARS-CoV-2 as demonstrated by
an important USA-based study [26].
Those patients are thus to prioritize in mAbs
administration.
Hearth conditions

It should be appropriate to consider congenital heart
diseases as potential predictors for a negative outcome
in subjects infected by SARS-CoV-2. In fact, viral infections may cause a sudden worsening in patients suffering
from congenital heart diseases. Moreover, those subjects
are often affected by other comorbidities, mostly respiratory, which can increase the risk burden. These considerations are further reinforced by studies analyzing
SARS-CoV-2 infection in patients with congenital heart
disease, which confirmed an enhanced risk for progression to severe disease [14, 27].
However, Scientific Societies have proposed a different
sub-classifications, in order to identify the congenital
heart diseases at higher risk [28, 29]. In these classifications, patients with congenital heart disease are considered at high risk if belonging to one (or more) of the
following categories:
– single ventricle patients or patients who have
undergone Fontan intervention (total cavopulmonary connection);
– severe valvopathy;
– chronic cyanosis (SpO2 < 85%);
– therapy-dependent cardiomyopathies;
– pulmonary hypertension on treatment;
– heart-transplant recipients;
– congenital heart diseases with significative
comorbidities (e.g. chronic kidney disease, chronic
pulmonary disease) [30].
Respiratory conditions

Patients with cystic fibrosis (CF) could be considered as
high risk subjects in case of infection by SARS-CoV-2
because of the general respiratory involvement and the
greater susceptibility to infections. However, literature
data seems to indicate as key determinants for severe
disease the respiratory functionality tests results during
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the last year, the nutritional status (in particular a reduced BMI) and the transplant if received, rather than
CF itself [31–33].
The Italian Society of Infantile Respiratory Diseases
(Società Italiana Malattie Respiratorie Infantili - SIMRI)
underlines that this infection in CF patients is mostly
mild, even if a close follow-up remains of pivotal importance in order to exclude long term complications [34].
The Panel retains appropriate to extend mAbs
utilization to patients with CF and moderate-severe respiratory disfunction, reduced BMI, transplant-recipients
or with important comorbidities, because of the potential risk of complications CF-related.
Concerning asthma, it should be reasonable, following the periodic updates of Global Initiative for
Asthma (GINA), to make a distinction. Patients with
mild-moderate (well controlled) asthma doesn’t seem
to be at higher risk of unfavorable outcome in case of
COVID-19, while severe asthma (on chronic drug
therapy with high-dosage of inhaled steroids or on
specific mAbs, in need of oral steroid therapy to control symptoms or hospitalized for severe asthma) carries an enhanced risk [35–38].
In a literature review made by the SIMRI, an increased
risk is not reported for patients with asthma, but the evidence is limited and fragmented. Considering all these
considerations, it should be useful to limit mAbs use to
patients with uncontrolled or severe asthma [39].
For other diseases affecting the respiratory system
such as bronchopulmonary dysplasia, bronchiolitis
obliterans, pulmonary fibrosis, interstitial lung disease
(ILD) and chronic pulmonary graft-versus-host-disease
(GVHD), there are currently little data supporting an
higher risk of severe disease upon infection from SARSCoV-2. Still, considering the severity of these conditions the Panel retain appropriate to consent the use of
mAbs in these patients. Likewise, the carriers of
tracheostomy should be considered as high risk subjects and thus to prioritize in the mAbs administration,
even if the augmented risk for progression to severe
disease seems to be depend more from their comorbidities (especially neurologic) than by the presence of the
device itself [40–42].
For primary ciliary dyskinesia and bronchiectasis,
there are currently no studies describing any enhanced
risk for severe COVID-19. Data from the adult seems to
support only a mildly increased risk for disease progression in patients suffering from these conditions when
compared to the general population [43]. In addition, a
prospective study in adults show a less severity and less
incidence of COVID-19 in this category of patients than
general population [44]. Considering the fragmented and
contrasting evidence available, it is reasonable to allow
the use of mAbs in those patients, leaving a more precise
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and individualized decision to the Pediatrician in charge
for the patient.
Inflammatory bowel diseases (IBDs)

Patients with IBDs according to the data recently published by both the SECURE-IBD Consortium and the
Pediatric IBD Porto Group (ESPGHAN) don’t seem to be
at higher risk to develop severe SARS-CoV-2 infection.
On the other hand, preliminary findings have shown how
immunosuppressants as infliximab used for the treatment
of IBDs, in particular when administered in combination
with an immune-modulator, could reduce anti-SARSCoV-2 vaccines immunogenicity [45, 46]. Therefore, on
the basis of the overall greater vulnerability of this class of
patients, driven by chronic inflammation, immunosuppressant therapies and reduced vaccines’ effectiveness, the
Panel deems appropriated including IBDs patients in the
categories with access to anti SARS-CoV-2 mAbs [45–47].
Liver disease

Considering the pediatric population affected by liver
disease, a recently published revision remarks how have
still not been identified subcategories to be regarded as
at higher risk for severe disease [48]. An Italian study
has outlined as the overall health of the children with
chronic liver disease has remained stable during the first
COVID-19 outbreak in March 2020 [49]. These findings
are further reinforced by other studies focused on that
issue, describing how children with chronic liver conditions, even if on immunosuppressant drugs (notably
those who undergone liver transplantation or affected by
autoimmune liver disease) are not at high risk of severe
disease [50–53]. Hence, upon the available evidence the
Panel retain appropriate not to include children affected
by chronic liver diseases among those eligible to mAbs
treatment.
Immunodeficiencies

According to the recent European Society for Immunodeficiencies (ESID) statement, there is still no evidence
in support of a different risk for severe disease in immunocompromised or with primary immune deficit patients as compared to the general population [54–56].
In fact, being immunosuppressed seem to be less influential than other comorbidities in conditioning the outcome of
SARS-CoV-2 infection in pediatric age. Among patients with
primary immunodeficiencies (PID), older age and organ impairment (chronic pulmonary disease, heart disease, renal or
liver failure) in analogy to what observed in the general
population, appear to play a more relevant role in conditioning the prognosis as compared to the immunosuppression itself [54, 55, 57–63]. In fact, infection’s complications are
mostly to ascribe to an hyperinflammatory systemic activation secondary to an overall dysregulated innate and adaptive
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immune response rather than to a direct cytopathic action of
the virus [54, 63]. In particular, patients with severe antibodies deficiencies as XLA show a mild disease [64]. As opposed, some studies report an higher risk of severe infection
in patients with primary immune deficit, particularly when
the Interferons- type 1 (IFNs-1) pathway is involved [59, 60,
65–67]. Other case studies describe a greater risk for severe
outcome among subjects with selected conditions, as
Interleukin-1 receptor antagonist (DIRA) deficiency, and the
mutations of STK4 and RAB27A [57]. Overall, the casefatality ratio seems to vary deeply (being mainly influenced
by the mean age and the type of PID) reaching peaks of
nearly 10 times more than general population [61, 62]. These
data may be representative of only the most severe PID and
in addition the high rates of hospitalization are likely to simply reflect a greater facility in accessing hospital care. Moreover, the extreme phenotypic and clinical variability of PID
(comprising over 450 different diseases with prognosis ranging from mild to severe/critical) doesn’t allow definitive
conclusions extendable to the whole pediatric population.
Literature provides contrasting evidence on the risk of severe
SARS-CoV-2 infection in patients with PID. Age (older age
calls for higher risk apart for the first year of life) and the
presence of comorbidities seem to play an important role. In
conclusion, for PID we retain appropriate to define the risk
of progression to severe SARS-CoV-2 infection with a category based approach (Table 2) which may be useful in identifying patients to prioritize for mAbs administration [58].
Among acquired immunodeficiencies, HIV infection
has a pivotal importance. Based on data from cohort
studies and case series the risk for severe COVID-19
of these patients seems similar to that of the general
population [69, 70]. However, an increased risk is described only for those with low lymphocyte count
(CD4+ lymphocytes < 15% o < 200 cell/mm3) and severe comorbidities [71–73]. Thus, it should be reasonable to consent the use of mAbs in this subgroup
of patients.
Diabetes

Diabetes has been regarded as one of the major determinants of an unfavorable outcome in those infected by
SARS-CoV-2 since the beginning of the pandemic [12].
To date, evidence in support of this thesis is mostly derived from adult-centered studies, focused on diabetes
mellitus type 2 (DMT2) [74]. Studies including also the
pediatric population confirm this trend, highlighting an
enhanced risk for severe disease both in patients with
DMT2 and in those with diabetes mellitus type 1
(DMT1) [75, 76]. Notably, an important multicenter
study has remarked diabetic disease (in particular
DMT1) as strongly related to a substantial increase in
the risk for hospitalization (RR: 4.60; 95%CI: 3.91–5.62)
and progression to severe disease in admitted patients
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Table 2 PIDs and risk of progression to severe COVID-19 (modified from: http://www.ukpin.org.uk/news-item/2020/03/24/covid-19uk-pinupdate) [68]
Risk

Category

PID examples and/or
molecular defect

Higha

IFN-1 pathway defects
PID with production of anti-IFN antibodies
Combined PID
Isolate/PID related CD4 lymphopenia (< 200/mmc)
PID with deregulatory phenotype
PID with anti-inflammatory phenotype uncontrolled by therapyb
Any PID [dependent on intra-venous immunoglobulin (IVIG) substitution therapy or antibiotic prophylaxis] associated to organ damage and/or chronic infection and/or malignancy
Any PID [dependent on intra-venous immunoglobulin substitution therapy or antibiotic prophylaxis] on
chronic oral corticosteroid or other immunosuppressant therapy
Any PID which has undergone bone marrow transplant in the last 12 months
Trisomy 21

TLR3, UNC93B1
STAT1, STAT2
APS1/APECED
FHL, XIAP, RAB27A
DIRA

Intermediate XLA, CVI excluded from high risk PID
Chronic Granulomatous Disease (CGD)
Complement deficits
Low

Minor antibodies deficiencies
Minor complement deficiencies
C1-inhibitor deficiency

IgA deficiency (selected
cases)
MBL deficiency, hereditary
angioedema

a

Examples of PID with at least one report of severe evolution in absence of significative comorbidities
indirect evidence

b

(RR: 2.38; 95%CI: 2.06–2.76). It has to be taken into account the possibility of more severe presentation (and a
consequent increase in the admission rate) driven by
psychological and logistic factors. Still those evidence
strongly supports the role of uncontrolled or complicated diabetes (both DMT1 and DMT2) as one of the
major determinants of progression to severe SARS-CoV2 disease in the pediatric age [14].
Kidney disease

Although chronic kidney failure has already been defined
as a determinant for severe SARS-CoV-2 infection in the
adult, its role has still to be confirmed in the pediatric age
[54]. In fact, the analysis carried out by the task force of the
Italian Society for Pediatric Nephrology (SINePe) on the infections occurred between February and April 2020 in patients with nephropathies, does not show any increase both
in the risk of infection and in the severity of disease. Still, to
date, data for the pediatric age are largely based on fragmented reports of low reliability. In light of the solid studies on
the adult patients and of the limited evidence in pediatric
age, it may be appropriate to consent the use of anti-SARSCoV-2 mAbs in those with chronic kidney failure, dependent
upon chronic hemodialysis or peritoneal dialysis, together
with those with immune deficit secondary to chronic immunosuppressant therapies [77, 78].
Neurological and metabolic disorders

Epilepsy does not represent by itself a determinant for a
greater risk of infection or for severe COVID-19 and
vice-versa the infection does not call for an augmented
risk of seizures. This seems to be equally true for

neurofibromatosis type 1 (NF-1) patients, which are not
to be regarded as high risk patients according to the
existing evidences [79].
Subjects with neuromuscular conditions are considered at high risk for severe SARS-CoV-2 infection in
presence of at least one of the following factors [80]:
– respiratory muscles dysfunction with forced vital
capacity (FVC) < 60% (especially if associated to
kyphoscoliosis);
– non-invasive ventilation or tracheostomy;
– oropharyngeal deficit with impaired cough and/or
reduced respiratory clearance;
– hearth muscle involvement;
– metabolic conditions or impairment of the
neuromuscular junctions at risk of deterioration in
case of fever, fasting or infection;
– diabetes, obesity and or severe arterial hypertension;
– conditions at risk for rhabdomyolysis in case of
fever, fasting or infection;
– chronic immunosuppressant or corticosteroid
therapy.
In addition to the risk factors described above, an update of the British Paediatric Neurology Association
(BPNA) of March 2021 indicates as at high risk for severe COVID-19 all the patients with neurological conditions with other comorbidities or immunosuppression
(i.e., patients on immunosuppressants affected by Duchenne Muscular Dystrophy, West Syndrome, epileptic
or neurodevelopmental encephalopathies, multiple sclerosis, tuberous sclerosis) and patients with respiratory
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impairment secondary to neurological conditions (i.e.,
infantile cerebral palsy, mitochondrial diseases, neuromuscular disease, leukodystrophy) [81].
Subjects affected by multiple sclerosis or similar demyelinating diseases targeting the central nervous system are apparently to be included in the “high risk”
category based on a supposed greater incidence of pulmonary and extrapulmonary complications, driven by
the neurological impairment and the altered immune reactivity. However, literature data show a risk for severe
progression of SARS-CoV-2 infection similar to that of
the general population [82].
Likewise, the use of mTOR inhibitors (e.g. Everolimus)
in the treatment of tuberous sclerosis doesn’t seem related to a greater risk of infection neither to a more severe course of COVID-19 [83].
Additional recommendations

Regarding mAbs administration in genetic and polymalformative conditions associated to significative comorbidities it is retained appropriate an individualized
approach based on the guidance produced by the Genetic Alliance UK due to the substantial heterogeneity of
this class of patients [84].
Anti-SARS-CoV-2 mAbs should be reserved to patients with at least one of the following conditions: severe intellectual disability, impaired respiratory
clearance, bulbar impairment, neuromuscular comorbidities (e.g. severe spasticity/hypotonia, scoliosis or thoracic deformities) reduced level of consciousness.
Moreover, it should be useful to specify as various
other diseases (i.e., severe malnutrition, anorexia) could
represent potential risk factors for severe COVID-19,
even if there are still no specific data. We thus retain appropriate an individualized approach under the guidance
of the pediatrician in charge for the patient, reminding
that the prescription of anti-SARS-CoV-2 mAbs in those
patients is to be considered an off-label prescription.
Moreover, the Panel underlines as being immunized
with an anti-SARS-CoV-2 vaccine does not contraindicate mAbs administration in the subjects at risk infected
by COVID-19, regardless of the type of vaccine (mRNA, adenoviral vector, etc.) received. Previous
immunization must not influence future treatments,
drugs’ and regimen’ choices included [85].
In conclusion, we report below (Table 3) the indications for mAbs administration in the pediatric patients.
The Panel of experts from the Scientific Societies involved in this Consensus remarks that, to date, there are
no sufficiently solid data regarding neither the higher
risk of progression to severe COVID-19 infection nor
the efficacy in preventing those progression with the use
of anti SARS-CoV2 monoclonal antibodies in children
with chronic diseases. Moreover, in the wide majority of
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Table 3 Proposal of integration of the risk categories identified
by AIFA for the administration of mAbs in subjects aged 12 to
17 years
Patients aged ≥12 years old, who tested positive for SARS-CoV-2, with mildmoderate disease, a recent onset (less than 10 days, except for patients with immunodeficiency and persistently positive molecular test but negative serologic
test)* and the presence of risk factors for severe disease:
a. BMI ≥ 95° percentile for age and gender (WHO Tables)
b. Haemoglobinopathy (sickle cell anemia and thalassemia major or intermedia)
c. Hereditary or acquired thrombophilia
d. Onco-hematological patients with lymphopenia (< 300/mmc), neutropenia (<
500/mmc), high intensity treatment (AML, induction and reinduction phase for
those with ALA, NHL, hematopoietic stem cell transplant recipients (< 30 days if
autologous or < 100 days if allogenic)
e. Solid organ or hematopoietic stem cells transplant recipients
f. Congenital or acquired hearth diseases: single ventricle physiology or status
post Fontan intervention (total cavo-pulmonary connection), severe heart valve
disease, chronic cyanosis (SpO2 < 85%), severe ventricular dysfunction, therapydependent cardiomyopathies, pulmonary hypertension on treatment.
g. Chronic obstructive or restrictive lung disease requiring daily therapy or
biologics (e.g. severe or uncontrolled asthma dependent on specific monoclonal
antibody therapy or oral steroids for symptoms control); cystic fibrosis with
moderate to severe respiratory impairment, reduced BMI, transplant recipients or
with other significative comorbidities; pulmonary fibrosis; bronchiolitis obliterans;
bronchopulmonary dysplasia; chronic pulmonary GVHD
h. Dependence on technological device (e.g. subjects with tracheostomy and/or
gastrostomy)
i. Inflammatory Bowel Diseases (IBDs) on immunosuppressant therapy
j. PIDs at high risk for progression to severe disease (Table 2); case by case
approach for those with mild-moderate risk PIDs
k. Secondary Immunodeficiencies including HIV with low lymphocyte count
(CD4+ lymphocytes < 15% or < 200/mmc) or with severe comorbidities,
chemotherapy (< 6 months from suspension), hematopoietic stem cells transplant
(< 3 months if autologous, < 6 months if allogenic or in presence of chronic active
GVHD) or solid organ transplant and protracted immunosuppressant therapies
l. Uncontrolled Diabetes mellitus (HbA1c > 9% or 75 mmol/mol) or with chronic
complications
m. Chronic renal failure requiring hemodialysis or peritoneal dialysis
n. Neurological or neuro-muscular diseases with at least one of the following:
- Respiratory muscles dysfunction with FVC < 60% (especially if associated with
kyphoscoliosis)
- Impaired cough and reduced respiratory clearance
- Hearth involvement
- Metabolic conditions or impairment of the neuromuscular junctions at risk of
deterioration in case of fever, fasting or infection
- Conditions at risk for rhabdomyolysis in case of fever, fasting or infection
- Chronic immunosuppressant or corticosteroid therapies
*Bamlanivimab+Etesevimab is approved for outpatients (not-hospitalized patients)
without supplemental oxygen therapy for COVID 19; Casirivimab+Imdevimab is
approved also for hospitalized patients and for patients with conventional oxygen
therapy (excluding high flow and mechanical ventilation)

cases, the most severe presentations in children and adolescents are represented by the so-called Multisystem Inflammatory Syndrome in Children (MIS-C) mostly
occurring 3–6 weeks after SARS-CoV-2 infection in patients without significant comorbidities except, in some
cases, obesity [86].
Further, well powered multicenter studies are needed
in order to better define, upon solid scientific basis, patients who may really benefit from those new mAbs administration, avoiding any inappropriate use.
Acknowledgements
Not applicable.
Authors’ details
Marcello Lanari, Italian Society of Pediatric Infectious Diseases (SITIP) and
Italian Association of Children’s Hospital (AOPI). Elisabetta Venturini, Italian
Society of Pediatric Infectious Diseases (SITIP). Luca Pierantoni, Italian Society
of Pediatric Infectious Diseases (SITIP). Giacomo Stera, Residency School of

Lanari et al. Italian Journal of Pediatrics

(2022) 48:7

Pediatrics, University of Bologna, Bologna, Italy. Eleonora Fusco, Postgraduate
School of Pediatrics, University of Florence, Meyer Children’s Hospital.
Susanna Maria Roberta Esposito, Italian Society of Pediatrics (SIP). Guido
Castelli Gattinara, Italian Society of Pediatric Infectious Diseases (SITIP).
Claudio Maffeis, Italian Society of Pediatric Endocrinology and Diabetology
(SIEDP). Fabio Midulla, Italian Society of Infantile Respiratory Diseases (SIMRI).
Paolo Lionetti, Italian Society of Pediatric Gastroenterolgy, Hepatology and
Nutrition (SIGENP). Gianluigi Marseglia, Italian Society of Pediatric Allergology
and Immunology (SIAIP). Laura Massella, Italian Society for Pediatric
Nephrology (SINePe). Marco Zecca, Italian Association of Pediatric
Haematology and Onchology (AIEOP). Silvia Favilli, Italian Society of Pediatric
Cardiology (SICP). Emilio Franzoni, Italian Society of Pediatric Neurology
(SINP). Alberto Zanobini, Italian Association of Children’s Hospital (AOPI).
Alberto Villani, Italian Society of Pediatrics (SIP). Annamaria Staiano, Italian
Society of Pediatrics (SIP). Luisa Galli, Italian Society of Pediatric Infectious
Diseases (SITIP) and Study Group of Pharmacology of SIP (GSFP). Francesco
Blasi, Italian Society of Pediatrics (SIP). Daniele Donà, Italian Society of
Pediatric Infectious Diseases (SITIP). Giangiacomo Nicolini, Italian Society of
Pediatric Infectious Diseases (SITIP). Giuliana Valerio, Italian Society of
Pediatric Endocrinology and Diabetology (SIEDP). Massimo Martinelli, Italian
Society of Pediatric Gastroenterolgy, Hepatology and Nutrition (SIGENP).
Angelo Di Giorgio, Italian Society of Pediatric Gastroenterolgy, Hepatology
and Nutrition (SIGENP). Amelia Licari, Italian Society of Pediatric Allergology
and Immunology (SIAIP). Michele Miraglia Del Giudice, Italian Society of
Pediatric Allergology and Immunology (SIAIP). Antonio Mastrangelo, Italian
Society for Pediatric Nephrology (SINePe). Fabrizio Pugliese, Italian Society for
Pediatric Nephrology (SINePe).
Pasquale Striano, Italian Society of Pediatric Neurology (SINP).
Authors’ contributions
All authors contribute to prepare the manuscript. Read and approved the
final version.
Funding
No funding was received.
Availability of data and materials
All the publication are listed in bibliography.

Declarations
Ethics approval and consent to participate
Not applicable.
Consent for publication
All authors have agreed to the publication.
Competing interests
All authors declared that there is no competing interest.
Author details
1
Pediatric Emergency Unit, Scientific Institute for Research and Healthcare
(IRCCS), Azienda Ospedaliero-Universitaria di Bologna, Bologna, Italy. 2Italian
Association of Children’s Hospital (AOPI), Rome, Italy. 3Infectious Diseases
Unit, Meyer Children’s University Hospital, Florence, Italy. 4Postgraduate
School of Pediatrics, University of Bologna, Bologna, Italy. 5Institute of Child
Health, Ospedale Bambino Gesù – IRCCS, Rome, Italy. 6Pediatric Clinic, Pietro
Barilla Children’s Hospital, Department of Medicine and Surgery, University of
Parma, Parma, Italy. 7Cardiology Unit, Meyer Children’s University Hospital,
Florence, Italy. 8Department of Medical and Surgical Sciences, University of
Bologna, Bologna, Italy. 9Postgraduate School of Pediatrics, University of
Florence, Meyer Children’s Hospital, Florence, Italy. 10Gastroenterology Unit,
NEUROFARBA Department, University of Florence, Meyer Children’s Hospital,
Florence, Italy. 11Pediatric Clinic B, Mother and Child Hospital, Department of
Surgery, Dentistry, Paediatrics, and Gynaecology, University of Verona,
Verona, Italy. 12Department of Pediatrics, University of Pavia, San Matteo
Foundation IRCCS Policlinico, Pavia, Italy. 13Division of Nephrology,
Department of Pediatric Subspecialties, Bambino Gesù Children’s Hospital,
IRCCS, Rome, Italy. 14Department of Maternal Infantile and Urological
Sciences, Sapienza University of Rome, Rome, Italy. 15Pediatric Hematology/
Oncology, Fondazione IRCCS Policlinico San Matteo, Pavia, Italy. 16General

Page 8 of 10

Pediatrics Unit, Pediatric Emergency and General Pediatrics Department,
Bambino Gesù Children’s Hospital, IRCCS, Rome, Italy. 17Department of
Translational Medical Science, Section of Pediatrics, University of Naples
“Federico II”, Naples, Italy. 18Department of Health Sciences, University of
Florence, Florence, Italy.
Received: 18 October 2021 Accepted: 22 November 2021

References
1. FDA. Casirivimab and imdevimab. EUA Letter of Authorization. 2020.
2. Committee for Medicinal Products for Human Use (CHMP) - EMA. EMA
issues advice on use of REGN-COV2 antibody combination (casirivimab /
imdevimab). Published online 2021.
3. Committee for Medicinal Products for Human Use (CHMP) - EMA.
Assessment Report: Eli Lilly and Company Limited Use of Bamlanivimab and
Etesevimab for the Treatment of COVID-19.; 2021.
4. Weinreich DM, Sivapalasingam S, Norton T, Ali S, Gao H, Bhore R, et al.
REGN-COV2, a neutralizing antibody cocktail, in outpatients with Covid-19.
N Engl J Med. 2021;384(3):238–51. https://doi.org/10.1056/nejmoa2035002.
5. Chen P, Nirula A, Heller B, Gottlieb RL, Boscia J, Morris J, et al. SARS-CoV-2
neutralizing antibody LY-CoV555 in outpatients with Covid-19. N Engl J
Med. 2021;384(3):229–37. https://doi.org/10.1056/nejmoa2029849.
6. Antibody resistance of SARS-CoV-2 variants B.1.351 and B.1.1.7. Nature.
Accessed August 9, 2021. https://www.nature.com/articles/s41586-021-03398-2
7. Prospective mapping of viral mutations that escape antibodies used to treat
COVID-19. Science. Accessed August 9, 2021. https://science.sciencemag.
org/content/371/6531/850
8. Wolf J, Abzug MJ, Wattier RL, et al. Initial Guidance on Use of Monoclonal
Antibody Therapy for Treatment of COVID-19 in Children and Adolescents. J
Pediatr Infect Dis Soc. 2021;Wolf J.; Morton T.H.; Marόn-Alfaro G.M.
Department of Infectious Diseases, St. Jude Children’s Research Hospital,
Memphis, TN, United States. https://doi.org/10.1093/jpids/piaa175.
9. Esposito S, Zona S, Pession A, Iughetti L, Migliori GB, Principi N. Use of
monoclonal antibody to treat COVID-19 in children and adolescents: risk of
abuse of prescription and exacerbation of health inequalities.
Pharmaceuticals. 2021;14(7):673. https://doi.org/10.3390/ph14070673.
10. Venturini E, Montagnani C, Garazzino S, Donà D, Pierantoni L, Lo Vecchio A,
et al. Treatment of children with COVID-19: position paper of the Italian
Society of Pediatric Infectious Disease. Ital J Pediatr. 2020;46(1):139. https://
doi.org/10.1186/s13052-020-00900-w.
11. Uso degli anticorpi monoclonali per COVID-19 | Agenzia Italiana del
Farmaco. Accessed June 14, 2021. https://www.aifa.gov.it/uso-degli-a
nticorpi-monoclonali
12. Graff K, Smith C, Silveira L, Jung S, Curran-Hays S, Jarjour J, et al. Risk factors
for severe COVID-19 in children. Pediatr Infect Dis J. 2021;40(4):E137–45.
https://doi.org/10.1097/INF.0000000000003043.
13. Tsankov BK, Allaire JM, Irvine MA, Lopez AA, Sauvé LJ, Vallance BA, et al.
Severe COVID-19 infection and pediatric comorbidities: a systematic review
and Meta-analysis. Int J Infect Dis. 2021;103:246–56. https://doi.org/10.1016/j.
ijid.2020.11.163.
14. Kompaniyets L, Agathis NT, Nelson JM, Preston LE, Ko JY, Belay B, et al.
Underlying medical conditions associated with severe COVID-19 illness
among children. JAMA Netw Open. 2021;4(6):e2111182. https://doi.org/10.1
001/jamanetworkopen.2021.11182.
15. Gao YD, Ding M, Dong X, et al. Risk factors for severe and critically ill
COVID-19 patients: a review. Allergy Eur J Allergy Clin Immunol. 2021;76(2):
428–55. https://doi.org/10.1111/all.14657.
16. Arlet JB, de Luna G, Khimoud D, Odièvre MH, de Montalembert M, Joseph L,
et al. Prognosis of patients with sickle cell disease and COVID-19: a French
experience. Lancet Haematol. 2020;7(9):e632–4. https://doi.org/10.1016/S23
52-3026(20)30204-0.
17. McCloskey KA, Meenan J, Hall R, Tsitsikas DA. COVID-19 infection and sickle
cell disease: a UK Centre experience. Br J Haematol. 2020;190(2):e57–8.
https://doi.org/10.1111/bjh.16779.
18. Farmakis D, Giakoumis A, Cannon L, Angastiniotis M, Eleftheriou A. COVID-19 and
thalassaemia: a position statement of the Thalassaemia international federation. Eur
J Haematol. 2020;105(4):378–86. https://doi.org/10.1111/ejh.13476.
19. Vilela T. de S, Braga JAP, Loggetto SR. Hemoglobinopathy and pediatrics in
the time of COVID-19. Hematol Transfus Cell Ther. 2021;43(1):87–100.
https://doi.org/10.1016/j.htct.2020.11.002.

Lanari et al. Italian Journal of Pediatrics

(2022) 48:7

20. Ataga KI, Cappellini MD, Rachmilewitz EA. β-Thalassaemia and sickle cell
anaemia as paradigms of hypercoagulability. Br J Haematol. 2007;139(1):3–
13. https://doi.org/10.1111/j.1365-2141.2007.06740.x.
21. Karimi M, Musallam KM, Cappellini MD, Daar S, el-Beshlawy A, Belhoul K,
et al. Risk factors for pulmonary hypertension in patients with β thalassemia
intermedia. Eur J Intern Med. 2011;22(6):607–10. https://doi.org/10.1016/j.
ejim.2011.05.013.
22. Kates OS, Haydel BM, Florman SS, et al. Coronavirus Disease 2019 in Solid
Organ Transplant: A Multicenter Cohort Study. Clin Infect Dis. 2021;73(11):
e4090–e4099. https://doi.org/10.1016/j.ejim.2011.05.013.
23. Marlais M, Wlodkowski T, Al-Akash S, et al. COVID-19 in children treated with
immunosuppressive medication for kidney diseases. Arch Dis Child. 2020;
106(8):798–801. https://doi.org/10.1136/archdischild-2020-320616.
24. Cleto-Yamane TL, Rodrigues-Santos G, de Magalhães-Barbosa MC, et al.
Screening of COVID-19 in outpatient children with cancer or solid organ
transplantation: preliminary report. Eur J Pediatr. 2021. https://doi.org/10.1
007/s00431-021-04044-9.
25. L’Huillier AG, Danziger-Isakov L, Chaudhuri A, Green M, Michaels MG, PosfayBarbe K, et al. SARS-CoV-2 and pediatric solid organ transplantation: current
knowns and unknowns. Pediatr Transplant. 2020;2021(5):1–18. https://doi.
org/10.1111/petr.13986.
26. Sharma A, Bhatt NS, St Martin A, Abid MB, Bloomquist J, Chemaly RF, et al.
Clinical characteristics and outcomes of COVID-19 in haematopoietic stemcell transplantation recipients: an observational cohort study. Lancet
Haematol. 2021;8(3):e185–93. https://doi.org/10.1016/S2352-3026(20)30429-4.
27. Haiduc AA, Ogunjimi M, Shammus R, et al. COVID-19 and congenital heart
disease: An insight of pathophysiology and associated risks. Cardiol Young.
2021;31(2):233–40. https://doi.org/10.1017/S1047951120003741.
28. Diller G-P, Gatzoulis MA, Broberg CS, Aboulhosn J, Brida M,
Schwerzmann M, et al. Coronavirus disease 2019 In adults with
congenital heart disease: a position paper from the ESC working group
of adult congenital heart disease, and the International Society for
Adult Congenital Heart Disease. Eur Heart J. 2020;42(19):1858–65.
https://doi.org/10.1093/eurheartj/ehaa960.
29. Alsaied T, Aboulhosn JA, Cotts TB, Daniels CJ, Etheridge SP, Feltes TF, et al.
Coronavirus disease 2019 (COVID-19) pandemic implications in pediatric
and adult congenital heart disease. J Am Heart Assoc. 2020;9(12):e017224.
https://doi.org/10.1161/JAHA.120.017224.
30. Bertoncelli D, Guidarini M, Della Greca A, et al. Covid19: Potential
cardiovascular issues in pediatric patients. Acta Biomed. 2020;91(2):177–83.
https://doi.org/10.23750/abm.v91i2.9655.
31. Bain R, Cosgriff R, Zampoli M, Elbert A, Burgel PR, Carr SB, et al. Clinical
characteristics of SARS-CoV-2 infection in children with cystic fibrosis: an
international observational study. J Cyst Fibros. 2021;20(1):25–30. https://doi.
org/10.1016/j.jcf.2020.11.021.
32. McClenaghan E, Cosgriff R, Brownlee K, Ahern S, Burgel PR, Byrnes CA, et al.
The global impact of SARS-CoV-2 in 181 people with cystic fibrosis. J Cyst
Fibros. 2020;19(6):868–71. https://doi.org/10.1016/j.jcf.2020.10.003.
33. Naehrlich L, Orenti A, Dunlevy F, et al. Incidence of SARS-CoV-2 in people
with cystic fibrosis in Europe between February and June 2020. J Cyst
Fibros. 2021. https://doi.org/10.1016/j.jcf.2021.03.017.
34. Sepe A, Tosco A, Neola G, Raia V. COVID-19 in patients with cystic fibrosis.
Pneumol Pediatr. 2021;21:35–41.
35. Williamson EJ, Walker AJ, Bhaskaran K, Bacon S, Bates C, Morton CE, et al.
Factors associated with COVID-19-related death using OpenSAFELY. Nature.
2020;584(7821):430–6. https://doi.org/10.1038/s41586-020-2521-4.
36. Bloom CI, Drake TM, Docherty AB, Lipworth BJ, Johnston SL, Nguyen-vanTam JS, et al. Risk of adverse outcomes in patients with underlying
respiratory conditions admitted to hospital with COVID-19: a national,
multicentre prospective cohort study using the ISARIC WHO Clinical
Characterisation Protocol UK. Lancet Respir Med. 2021;9(7):1–13. https://doi.
org/10.1016/s2213-2600(21)00013-8.
37. Liu S, Cao Y, Du T, Zhi Y. Prevalence of comorbid asthma and related
outcomes in COVID-19: a systematic review and Meta-analysis. J Allergy Clin
Immunol Pract. 2021;9(2):693–701. https://doi.org/10.1016/j.jaip.2020.11.054.
38. Strategy GG, Management A. GINA guidance about COVID-19 and asthma.
2021.
39. Ferraro V, Zamunaro A, Carraro S, Zanconato S. Asthma and COVID-19.
Pneumol Pediatr. 2021;21:19–27.
40. Götzinger F, Santiago-García B, Noguera-Julián A, Lanaspa M, Lancella L,
Calò Carducci FI, et al. COVID-19 in children and adolescents in Europe: a

Page 9 of 10

41.

42.

43.

44.

45.

46.

47.

48.
49.

50.

51.

52.

53.

54.

55.
56.
57.

58.

59.

60.

61.

multinational, multicentre cohort study. Lancet Child Adolesc Health. 2020;
4(9):653–61. https://doi.org/10.1016/S2352-4642(20)30177-2.
Oualha M, Bendavid M, Berteloot L, Corsia A, Lesage F, Vedrenne M, et al.
Severe and fatal forms of COVID-19 in children. Arch Pediatr. 2020;27(5):
235–8. https://doi.org/10.1016/j.arcped.2020.05.010.
Gray DM, Davies MA, Githinji L, Levin M, Mapani M, Nowalaza Z, et al. COVID19 and pediatric lung disease: a south African tertiary center experience. Front
Pediatr. 2021;8(2020):1–8. https://doi.org/10.3389/fped.2020.614076.
Aveyard P, Gao M, Lindson N, Hartmann-Boyce J, Watkinson P, Young D,
et al. Association between pre-existing respiratory disease and its treatment,
and severe COVID-19: a population cohort study. Lancet Respir Med. 2021;
2600(21):1–15. https://doi.org/10.1016/S2213-2600(21)00095-3.
Crichton ML, Shoemark A, Chalmers JD. The impact of the COVID-19
pandemic on exacerbations and symptoms in bronchiectasis: a prospective
study. Am J Respir Crit Care Med. 2021;15(7):857–9. https://doi.org/10.1164/
rccm.202105-1137LE.
Kennedy NA, Goodhand JR, Bewshea C, Nice R, Chee D, Lin S, et al. Anti-SARSCoV-2 antibody responses are attenuated in patients with IBD treated with
infliximab. Gut. 2021;70(5):865–75. https://doi.org/10.1136/gutjnl-2021-324388.
Kennedy NA, Lin S, Goodhand JR, Chanchlani N, Hamilton B, Bewshea C,
et al. Infliximab is associated with attenuated immunogenicity to BNT162b2
and ChAdOx1 nCoV-19 SARS-CoV-2 vaccines in patients with IBD. Gut. 2021;
70(10):1–10. https://doi.org/10.1136/gutjnl-2021-324789.
Brenner EJ, Pigneur B, Focht G, et al. Benign Evolution of SARS-Cov2
Infections in Children With Inflammatory Bowel Disease: Results From Two
International Databases. Clin Gastroenterol Hepatol. 2021;19(2):394–6.e5.
https://doi.org/10.1016/j.cgh.2020.10.010.
Di Giorgio A, Hartleif S, Warner S, Kelly D. COVID-19 in children with liver
disease. Front Pediatr. 2021;9:1–13. https://doi.org/10.3389/fped.2021.616381.
Di Giorgio A, Nicastro E, Arnaboldi S, et al. Health status of children with
chronic liver disease during the SARS-CoV-2 outbreak: results from a
multicentre study. Clin Res Hepatol Gastroenterol. 2021;45(2):17–20. https://
doi.org/10.1016/j.clinre.2020.101610.
Galiero R, Pafundi PC, Simeon V, et al. Impact of chronic liver disease upon
admission on COVID-19 in-hospital mortality: Findings from COVOCA study.
PLoS One. 2020;15:1–16. https://doi.org/10.1371/journal.pone.0243700.
Váncsa S, Hegyi PJ, Zádori N, et al. Pre-existing Liver Diseases and OnAdmission Liver-Related Laboratory Tests in COVID-19: A Prognostic
Accuracy Meta-Analysis With Systematic Review. Front Med. 2020;7:572115.
https://doi.org/10.3389/fmed.2020.572115.
Nicastro E, Di Giorgio A, Zambelli M, et al. Impact of the severe acute
respiratory syndrome coronavirus 2 outbreak on pediatric liver transplant
recipients in Lombardy, Northern Italy. Liver Transpl. 2020;26(10):1359–62.
https://doi.org/10.1002/lt.25840.
Di Giorgio A, Nicastro E, Speziani C, et al. Health status of patients with
autoimmune liver disease during SARS-CoV-2 outbreak in northern Italy. J
Hepatol. 2020;73(3):702–5. https://doi.org/10.1016/j.jhep.2020.05.008.
Nicastro E, Verdoni L, Bettini LR, Zuin G, Balduzzi A, Montini G, et al. COVID19 in immunosuppressed children. Front Pediatr. 2021;9:1–12. https://doi.
org/10.3389/fped.2021.629240.
Clinical Working Party COVID-19 group on behalf of the ESID Board. ESID
COVID-19 Statement. ESID. 2021.
Milito C, Lougaris V, Giardino G, et al. Clin Commun. 2021:4.
Delavari S, Abolhassani H, Abolnezhadian F, Babaha F, Iranparast S,
Ahanchian H, et al. Impact of SARS-CoV-2 pandemic on patients with
primary immunodeficiency. J Clin Immunol. 2021;41(2):345–55. https://doi.
org/10.1007/s10875-020-00928-x.
Shields AM, Burns SO, Savic S, et al. COVID-19 in patients with primary and
secondary immunodeficiency: The United Kingdom experience. J Allergy
Clin Immunol. 2021;147(3):870–5.e1. https://doi.org/10.1016/j.jaci.2020.12.620.
ESID. Joint statement on the current coronavirus pandemic SARS-CoV-2 —
COVID-19 in children and adult patients with Primary Immunodeficiencies
(PID). 2020.
Meyts I, Bucciol G, Quinti I, Neven B, Fischer A, Seoane E, et al. Coronavirus
disease 2019 in patients with inborn errors of immunity: an international
study. J Allergy Clin Immunol. 2021;147(2):520–31. https://doi.org/10.1016/j.
jaci.2020.09.010.
Goudouris ES, Pinto-Mariz F, Mendonça LO, Aranda CS, Guimarães RR,
Kokron C, et al. Outcome of SARS-CoV-2 infection in 121 patients with
inborn errors of immunity: a cross-sectional study. J Clin Immunol. 2021;
41(7):1479–89. https://doi.org/10.1007/s10875-021-01066-8.

Lanari et al. Italian Journal of Pediatrics

(2022) 48:7

62. Castano-Jaramillo LM, Yamazaki-Nakashimada MA, O’Farrill-Romanillos PM,
Muzquiz Zermeño D, Scheffler Mendoza SC, Venegas Montoya E, et al.
COVID-19 in the context of inborn errors of immunity: a Case series of 31
patients from Mexico. J Clin Immunol. 2021;41(7):1463–78. https://doi.org/1
0.1007/s10875-021-01077-5.
63. Minotti C, Tirelli F, Barbieri E, Giaquinto C, Donà D. How is
immunosuppressive status affecting children and adults in SARS-CoV-2
infection? A systematic review. J Inf Secur. 2020;81(1):e61–6. https://doi.
org/10.1016/j.jinf.2020.04.026.
64. Quinti I, Lougaris V, Milito C, Cinetto F, Pecoraro A, Mezzaroma I, et al. A
possible role for B cells in COVID-19? Lesson from patients with
agammaglobulinemia. J Allergy Clin Immunol. 2020;146(1):211–2. https://doi.
org/10.1016/j.jaci.2020.04.013.
65. Bastard P, Rosen LB, Zhang Q, et al. Autoantibodies against type I IFNs in
patients with life-threatening COVID-19. Science. 2020;370(6515):eabd4585.
https://doi.org/10.1126/science.abd4585.
66. Zhang Q, Liu Z, Moncada-Velez M, et al. Inborn errors of type I IFN
immunity in patients with life-threatening COVID-19. Science. 2020;
370(6515):eabd4570. https://doi.org/10.1126/science.abd4570.
67. Van Der Made CI, Simons A, Schuurs-Hoeijmakers J, et al. Presence of
genetic variants among young men with severe COVID-19. J Am Med
Assoc. 2020;324(7):663–73. https://doi.org/10.1001/jama.2020.13719.
68. COVID-19 UK PIN Update. Accessed July 11, 2021. http://www.ukpin.org.uk/
news-item/2020/03/24/covid-19-uk-pin-update
69. Bailey LC, Razzaghi H, Burrows EK, Bunnell HT, Camacho PEF, Christakis DA,
et al. Assessment of 135794 pediatric patients tested for severe acute
respiratory syndrome coronavirus 2 across the United States. JAMA Pediatr.
2021;175(2):176–84. https://doi.org/10.1001/jamapediatrics.2020.5052.
70. What’s New in the COVID-19 and HIV Interim Guidance. HIV.gov. Accessed
July 11, 2021. https://www.hiv.gov/blog/what-s-new-covid-19-and-hivinterim-guidance
71. Härter G, Spinner CD, Roider J, Bickel M, Krznaric I, Grunwald S, et al. COVID19 in people living with human immunodeficiency virus: a case series of 33
patients. Infection. 2020;48(5):681–6. https://doi.org/10.1007/s15010-02001438-z.
72. Miyashita H, Kuno T. Prognosis of coronavirus disease 2019 (COVID-19) in
patients with HIV infection in new York City. HIV Med. 2021;22(1):e1–2.
https://doi.org/10.1111/hiv.12920.
73. Centros para el control y la prevención de enfermedades. Guidance for
COVID-19 and People with HIV. 2021:1–9.
74. Rawshani A, Kjölhede EA, Rawshani A, Sattar N, Eeg-Olofsson K, Adiels M,
et al. Severe COVID-19 in people with type 1 and type 2 diabetes in
Sweden: a Nationwide retrospective Case-control study. SSRN Electron J.
2021;4:1–12. https://doi.org/10.2139/ssrn.3762473.
75. Barron E, Bakhai C, Kar P, Weaver A, Bradley D, Ismail H, et al. Associations of
type 1 and type 2 diabetes with COVID-19-related mortality in England: a
whole-population study. Lancet Diabetes Endocrinol. 2020;8(10):813–22.
https://doi.org/10.1016/S2213-8587(20)30272-2.
76. Gregory JM, Slaughter JC, Duffus SH, Smith TJ, LeStourgeon LM, Jaser SS,
et al. COVID-19 severity is tripled in the diabetes community: a prospective
analysis of the pandemic’s impact in type 1 and type 2 diabetes. Diabetes
Care. 2021;44(2):526–32. https://doi.org/10.2337/dc20-2260.
77. Mastrangelo A, Morello W, Vidal E, Guzzo I, Annicchiarico Petruzzelli L,
Benetti E, et al. Impact of covid-19 pandemic in children with CKD or
immunosuppression. Clin J Am Soc Nephrol. 2021;16(3):449–51. https://doi.
org/10.2215/CJN.13120820.
78. Khan MMA, Khan MN, Mustagir G, Rana J, Islam MS, Kabir MI. Effects of
underlying morbidities on the occurrence of deaths in COVID-19 patients: a
systematic review and meta-analysis. J Glob Health. 2020;10(2):1–14. https://
doi.org/10.7189/jogh.10.020503.
79. Information about Covid-19 & Neurological Disorders – EPNS. Accessed
June 14, 2021. https://www.epns.info/information-about-covid-19neurological-disorders/
80. Maxwell S, Damian WMS. Covid-19 and people with neuromuscular
disorders: World Muscle Society position and advice. World Muscle Soc.
2020:1–3.
81. British Paediatric Neurology Association. Accessed June 14, 2021. https://
bpna.org.uk/?page=covid-19
82. Chaudhry F, Jageka C, Levy PD, Cerghet M, Lisak RP. Review of the COVID19 Risk in Multiple Sclerosis. 2021;3(2):68–J Cell Immunol, 77. https://doi.
org/10.33696/immunology.3.080.

Page 10 of 10

83. Baldi BG, Amaral AF. de Figueiredo Braga Colares P, Kairalla RA, de Oliveira MR,
Carvalho CRR. COVID-19 and lymphangioleiomyomatosis: experience at a
reference center and the potential impact of the use of mTOR inhibitors. Am J
Med Genet A. 2020;182(12):3068–70. https://doi.org/10.1002/ajmg.a.61877.
84. Condition specific information - Genetic Alliance UK - Covid Response.
Accessed July 11, 2021. https://covid-19.geneticalliance.org.uk/conditions/
covid-19-condition-specific/
85. Interim Clinical Considerations for Use of COVID-19 Vaccines. CDC. Accessed
July 11, 2021. https://www.cdc.gov/vaccines/covid-19/clinical-considera
tions/covid-19-vaccines-us.html
86. Case SM, Son MB. COVID-19 in pediatrics. Rheum Dis Clin N Am. 2021;47(4):
797–811. https://doi.org/10.1016/j.rdc.2021.07.006.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

