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Abstract: Monoclonal antibodies (mAbs) that neutralize SARS-CoV-2 in infected patients are a new
class of antiviral agents approved as a type of passive immunotherapy. They should be administered
to adults and children (≥12 years old, weighing ≥ 40 kg) with SARS-CoV-2 positivity, and who are
suffering from a chronic underlying disease and are at risk of severe COVID-19 and/or hospitalization.
The aim of this manuscript is to discuss the benefit-to-risk of mAb therapy to treat COVID-19 in
pediatric age, according to current reports. A problem is that the authorization for mAbs use in
children was given without studies previously evaluating the efficacy, safety and tolerability of mAbs
in pediatric patients. Moreover, although the total number of children with chronic severe underlying
disease is not marginal, the risk of severe COVID-19 in pediatric age is significantly reduced than in
adults and the role of chronic underlying disease as a risk factor of severe COVID-19 development
in pediatric patients is far from being precisely defined. In addition, criteria presently suggested
for use of mAbs in children and adolescents are very broad and may cause individual clinicians or
institutions to recommend these agents on a case-by-case basis, with an abuse in mAbs prescriptions
and an exacerbation of health inequalities while resources are scarce. Several questions need to be
addressed before their routine use in clinical practice, including what is their associated benefit-to-
risk ratio in children and adolescents, who are the patients that could really have benefit from their
use, and if there is any interference of mAb therapy on recommended vaccines. While we wait for
answers to these questions from well-conducted research, an effective and safe COVID-19 vaccine
for vulnerable pediatric patients remains the best strategy to prevent COVID-19 and represents the
priority for public health policies.

Keywords: COVID-19; passive immunotherapy; pediatric infectious diseases; SARS-CoV-2; mono-
clonal antibody

1. Background

In the current coronavirus disease 2019 (COVID-19) pandemic, several prophylactic
and therapeutic approaches are being developed or repurposed to combat COVID-19.
Monoclonal antibodies (mAbs) that can neutralize the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) in infected patients are a novel class of antiviral intervention
for which the US Food and Drug Administration (FDA) and European Medicines Agency
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(EMA) provided Emergency Use Authorization (EUA) [1,2]. All mAbs are approved as a
type of passive immunotherapy to minimize virulence for the treatment of non-hospitalized
patients with mild-to-moderate COVID-19. They should be administered to adults and
children (≥12 years old, weighing ≥ 40 kg) with positive results of direct SARS-CoV-2
testing, and who are suffering from a chronic underlying disease that may favor progression
to severe COVID-19 and/or hospitalization [1,2]. Risk factors for severe COVID-19 may
include but are not limited to obesity; cardiovascular disease, including hypertension;
chronic lung disease, including asthma; type 1 or type 2 diabetes mellitus; chronic kidney
disease, including those on dialysis, chronic liver disease; immunosuppressed, based on
prescriber’s assessment (i.e., cancer treatment, bone marrow or organ transplantation,
immune deficiencies, HIV sickle cell anaemia, thalassaemia, and prolonged use of immune-
weakening medications) [3]. However, looking at EUAs, the logic of considering older
children as adults could be debated. The aim of this manuscript is to discuss the benefit-to-
risk of mAb therapy to treat COVID-19 in pediatric age according to current reports.

2. Monoclonal Antibodies against SARS-CoV-2: Pharmacological Considerations

SARS-CoV-2-neutralizing mAbs primarily bind the trimeric spike (S) glycoproteins on
the viral surface that permit entry into host cells. The S protein has two functional subunits
that permit cell attachment (the S1 subunit, with four core domains S1A through S1D)
and fusion of the viral and cellular membrane (the S2 subunit). Potent neutralizing mAbs
often neutralize the receptor in S1, disabling receptor interactions [4]. The spike proteins of
SARS-CoV-2 (SARS2-S) and SARS-CoV (SARS-S) are 77.5% identical by primary amino
acid sequence, are structurally very similar and commonly bind the human angiotensin-
converting enzyme 2 (ACE2) protein through their S1B domain [5,6]. Receptor interaction
is known to cause irreversible conformational modifications in coronavirus spike proteins
enabling membrane fusion [7]. MAbs targeting the S protein can prevent SARS-CoV-2
infection, alleviate symptoms and limit progression to severe disease in patients with mild
to moderate COVID-19, especially in those without an endogenous antibody response.

The first mAbs authorized against SARS-CoV-2 were bamlanivimab as a monotherapy,
and bamlanivimab associated with etesevimab or casirivimab with imdevimab as a com-
bination therapy, but new products are in an advanced stage of evaluation [8]. However,
the EUA of bamlanivimab was revoked by the FDA after few months because in vitro
studies had shown that multiple independent viral escape mutants could be generated
to each of the individual mAbs tested, whereas viral escape mutants were not selected
in the presence of non-competing mAb combinations [9]. On the other hand, a clinical
evaluation had shown that after the introduction of bamlanivimab, approximately 20% of
isolates sequenced in the USA from infected persons were reported as lineages resistant
to this mAb. On the contrary, combination therapy was effective without any significant
adverse events. When bamlanivimab was associated with etesevimab, a significant de-
crease in patient’s viral load as well as in COVID-19-related hospitalizations and deaths
was observed without any increase in resistant variants and with a number of patients
needed to treat to observe benefits of 21 [8]. Similarly, compared to placebo, therapy with
casirivimab and imdevimab was significantly more effective, reducing viral load in adults,
and also diminishing COVID-19-related medically attended visits and hospitalizations,
with a number of patients needed to treat of 17 and 50, respectively [10].

More than 50 mAb-related clinical trials are being conducted in different countries
around the world. However, as most are in a very early stage, there has not been enough
data collected to adequately evaluate them for EUA by the FDA and EMA [1,2]. Although
mAbs are one of the fastest-growing drug classes in recent years, their precise mechanism
of action is yet unknown. Any outcome with therapeutic mAb is related to several factors.
Important factors include antigen cell-surface density, tissue distribution, specificity, avidity,
and isotype [11]. A homogeneous group of patients with the same line(s) of therapy or
severity or stage of disease progression, and those receiving first-line therapy are the
ideal candidate for mAb therapies. The reason for the slow speed in developing mAbs
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includes unreasonable costing for research and development, especially when compared
with small molecule drugs and vaccines [12]. Additionally, the complexity and ambiguity
of viruses as associated with their rapid mutation make it difficult for researchers to develop
effective and long-lasting mAb therapy [13]. For all these reasons, “target specificity” (i.e.,
optimum timing of therapy for a specific population with a specific disease) is needed for
the approval of mAbs use.

3. Do the Benefits of Monoclonal Antibody (mAbs) Treatment for COVID-19 in
Children and Adolescents Really Outweigh the Risks?

Theoretically, a great number of patients could benefit from mAb administration;
particularly adults, that due to disease or age, are prone to develop severe COVID-19 [1,2].
Presently, virus circulation remains high and, due to the unknown duration of protection in
vaccinated subjects, the total number of patients with risk factors still susceptible to SARS-
CoV-2 infection remains relevant. However, to be effective, mAbs should be administered
as soon as possible and this means that for a great number of subjects an accurate and
continual monitoring of clinical conditions to identify the first clinical manifestations of
SARS-CoV-2 infection should be planned [1,2]. In suspected cases, a nasopharyngeal swab
must be obtained and processed, with positive cases transferred to the hospital for mAb
administration. A complex organization including at least telemedical visits and laboratory
tests must be planned with relevant economic costs. All of these problems can be overcome
when the positive effects of mAb use are considered.

Despite these positive results, administration of mAbs to children and adolescents
should be carefully evaluated and criteria for pediatric use of mAbs re-considered by
health authorities in the official recommendations. A problem is that the authorization for
mAb use in children was given without studies previously evaluating the efficacy, safety
and tolerability of mAbs in pediatric patients. Moreover, although the total number of
children with chronic severe underlying disease is not marginal, the risk of severe COVID-
19 in pediatric age is significantly lower than in adults [14,15] and the role of a chronic
underlying disease as a risk factor of severe COVID-19 development in pediatric patients
is far from being precisely defined [16]. When infected, pediatric patients generally are
asymptomatic or with mild disease. A recent report showed that in the USA, on 22 April
2021, only 0.1–1.9% of all child COVID-19 cases were hospitalized, pediatric COVID-19
corresponded to 1.2–2.9% of hospitalizations associated with the disease and child mortality
was 0.00–0.1921% of all COVID-19 deaths [17]. Few pediatric cases were admitted to the
pediatric intensive care unit (PICU) as well as required respiratory support with mechanical
ventilation and additional life-saving interventions. A multinational, multicenter cohort
study performed in Europe demonstrated that among 582 SARS-CoV-2 positive children
and a median age of 5.0 years, 62% were hospitalized, 8% were admitted to the PICU, 5%
showed radiological findings suggestive of acute respiratory distress syndrome and 4%
were intubated and mechanically ventilated [18]. Interestingly, there are no data on chronic
diseases associated with an increased risk of severe disease. However, the importance of
underlying diseases was found to be quite different in several studies, suggesting that
differences in criteria for enrollment and evaluation could have been focused on final
results rather than the underlying disease and its severity. Similar data were described
in a European research study in which 48 children with COVID-19 requiring ventilation
were analyzed [19]. In Italy, when a total of 168 pediatric patients initially evaluated in the
outpatient setting were analyzed, no difference in hospitalization rate between patients with
and without co-morbidities was observed [20]. Similarly, studies carried out in children
receiving immunosuppressive treatment for various indications have shown that these
patients do not suffer from severe COVID-19 more frequently than healthy children [21,22].
On the other hand, it cannot be excluded that in pediatrics only some of the underlying
diseases considered risk factors for severe COVID-19 in adults can play a role. In New
York, obese children but not immunocompromised patients had a severe COVID-19 [23].
In the UK, pediatric patients presenting with pre-existing COVID-19 vulnerable chronic
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diseases were not found to have an increased risk of either contracting COVID-19 or severe
complications, with the exclusion of those undergoing chemotherapy [24].

In addition, identification of pediatric cases for whom mAbs are authorized can be
difficult and require very complicated and expensive monitoring. A study planned to show
the frequency of symptoms compatible with SARS-CoV-2 infection in pediatric patients
with immunodeficiency has shown that despite 67.4% of study patients reporting one or
more symptoms suggestive of suspected SARS-CoV-2 infection, of the 110 who were tested
for virus none was positive for SARS-CoV-2 [25]. These results suggested an absence of
symptom specificity in these patients, showing that symptoms of SARS-CoV-2 infection
overlapped with those of chronic disease exacerbations. Consequently, in order to diagnose
early COVID-19 to administer mAbs, systematic monitoring of all the patients with chronic
underlying disease should be planned, with enormous efforts, costs, and poor final results.
Moreover, as evidenced in this study, continuous monitoring could lead patients/parents to
remain very anxious, demonstrating the pressing need to clearly define and communicate
SARS-CoV-2 risk in children and young people. In the absence of data suggesting that
specific conditions increase the risk of disease severity, it is mandatory to be very careful to
conclude that there are significant benefits with the routine use of mAbs in children with
any type of chronic underlying diseases [26]. These treatments are expensive, difficult to
make because the administration is intravenous, and there is a risk of the development of
drug-resistant variants.

Finally, there is limited published evidence on the coadministration of mAbs with
pediatric vaccines. The mechanism of action of mAbs might provide insights into the poten-
tial for an anti-viral mAb to interfere with the immune response to a vaccine [27]. MAbs for
treatment of COVID-19 are antibodies which exhibit high potency and expected specificity
against viral pathogens and are engineered to further enhance their in vivo functions. MAb–
vaccine interaction studies are generally not required by regulatory authorities to support
licensure indicating the lack of necessity or clinical relevance of such evaluations. This
is reflected in FDA or EMA regulatory guidelines. To date, the conduct of mAb–vaccine
interference studies is limited to mAbs with an internal target involved in immune function
to assess if the mAb would alter the function of the immune system and affect the response
to vaccinations in the patient population [27]. Moreover, there are limited country-specific
guidelines focusing on the coadministration of antibodies and vaccines. According to the
USA and UK guidelines, live viral vaccines should be administered at least three weeks be-
fore or three to 11 months after an injection of intravenous immunoglobulin depending on
the dose [27]. While specific studies investigating the coadministration of anti-viral mAbs
with vaccines have not been performed, concerns could be raised. This means that the use
of mAbs for COVID-19 in pediatric patients with chronic diseases could lead to a delay in
vaccination, with a reduction in coverage for routine vaccines in the most fragile pediatric
population. These concerns can have important implications in a historic moment such
as this in which vaccination coverage has dropped significantly because parents skipped
the vaccine appointment of their sons as they were afraid of SARS-CoV-2, or vaccination
centers postponed the appointments because they were closed [28,29]. On the other hand,
COVID-19 vaccines could actually represent the best option for vulnerable children and
adolescents because of their cost-effectiveness [30,31], and the use of mAbs for COVID-19
treatment could negatively affect the immune response to the COVID-19 vaccines.

4. Conclusions

The criteria currently used for mAb therapy against SARS-CoV-2 are very broad
and allow individual clinicians or institutions to use these agents on a case-by-case basis,
adding to abuse in mAbs prescription and an exacerbation of health inequalities while
resources are scarce. Several questions need to be addressed before their routine use in
pediatric clinical practice, including what their associated benefit-to-risk ratio in children
and adolescents is, who are the patients that could really have benefit from their use, and if
there is an interference with mAb therapy on recommended vaccines. While we wait for
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answers to these questions from well-conducted research, an effective and safe COVID-19
vaccine for vulnerable pediatric patients remains the best strategy to prevent COVID-19
and represents the priority for public health.
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