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Background: Although severe COVID-19 in children is rare, those with cer-
tain pre-existing health conditions are more prone to severe disease. Monoclo-
nal antibodies (mAbs) against severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) are potent antiviral agents that reduce adverse clinical out-
comes in adults, but are commonly not approved for use in pediatric patients.
Methods: We retrospectively evaluated mAb treatment in children <12 years 
of age or <40kg with SARS-CoV-2 infection between January 1, 2021, and 
March 7, 2022, in 12 tertiary care centers in 3 European countries.

Results: We received data from 53 patients from Austria, Denmark and 
Germany. Median age was 5.4 years [0–13.8, interquartile range (IQR) = 
6.2], and median body weight was 20 kg (3–50.1, IQR = 13). The most fre-
quent SARS-CoV-2 variant in this study, if known, was Omicron, followed 
by Delta and Alpha. Pre-existing conditions included immunodeficiency, 
malignancy, hematologic disease, cardiac disease, chronic lung disease, 
chronic liver disease, kidney disease and diabetes. Forty-two patients 
received sotrovimab (79%), 9 casirivimab/imdevimab (17%) and 2 bam-
lanivimab (4%). All but 1 patient survived. Median duration of hospital 
stay was 3 days (0–56, IQR = 6). Seven patients required treatment in 
an intensive care unit, and 5 required high-flow nasal cannula treatment. 
Potential side effects included neutropenia (6/53, 11%), lymphopenia 
(3/53, 6%), nausea or vomiting (2/53, 4%), rise of alanine transaminase 
(1/53, 2%) and hypotonia (1/53, 2%).
Conclusions: MAb treatment was well tolerated by children in this cohort.
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Following reports from China of an unusual cluster of pneumonia 
in the late 2019, a previously unknown beta coronavirus was 

discovered, later named severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2), responsible for a disease known as corona-
virus disease 2019 (COVID-19). In March 2020, the World Health 
Organization declared a global pandemic. Since then, reported 
COVID-19 cases have exceeded 590 million globally, causing >6.4 
million deaths.1 Most severe cases and deaths occur in older age 
groups, while most children and young people (CYP) only develop 
mild disease, and approximately one-third of cases stay asympto-
matic.2,3 In adults, several underlying health conditions are associ-
ated with a high risk for severe COVID-19. In contrast, no definite 
risk factors have been defined in children. Nonetheless, immunode-
ficiency, chronic lung disease, including severe asthma, and heart 
disease have been described as potential risk factors in CYP.4 With 
the emergence of more transmissible virus variants of concern, 
pediatricians face increasing case numbers and hospitalizations 
worldwide.5–8 In addition to antiviral drugs, treatment with mono-
clonal antibodies (mAbs) against SARS-CoV-2 key protein struc-
tures play an important role in immune naïve high-risk individuals. 
The European Medicines Agency authorized the use of casiriv-
imab/imdevimab, sotrovimab and regdanvimab to treat mild-to-
moderate SARS-CoV-2 infections in an outpatient setting.9 Among 
various antibodies, bamlanivimab, bamlanivimab/etesevimab and 
sotrovimab were cleared for usage in patients above 12 years of age 
and 40 kg of body weight. To date, there are no valid data on the use 
of these mAbs in younger children who have not been vaccinated 
against SARS-CoV-2 or were unable to mount immune response 
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and could potentially benefit from passive immune therapy.9,10 The 
main concern of mAb treatment in children is that the risks of 
potential side effects, unknown due to data scarcity, or side effects 
seen in adults (eg, hypotension, drug-related anaphylaxis, etc.) may 
outweigh the marginal benefit of its application in children who 
show lower mortality and morbidity associated with COVID-19 
compared with adults.11 In adults, mAB treatment has been stud-
ied more extensively and there exists higher quality evidence on 
drug safety, indications and dosage regimens, especially in patients 
prone to severe disease.12 This study aimed to synthesize the expe-
rience with providing mAbs against SARS-CoV-2 to children 
infected with SARS-CoV-2 below 12 years of age or CYP below 
40 kg of body weight in Europe, focusing on safety.

MATERIALS AND METHODS

Study Design
We conducted a retrospective, observational cohort study 

in pediatric patients with SARS-CoV-2 infection in tertiary care 
centers in Europe who received mAbs against SARS-CoV-2. Build-
ing on partnerships established through the Paediatric Tuberculosis 
Network European Trials Group (ptbnet), the European Society for 
Paediatric Infectious Diseases and national pediatric infectious dis-
ease societies, we contacted twelve centers in Austria (Graz and 
Vienna), Germany (Berlin, Bochum, Cologne, Frankfurt, Hamburg 
and Munich) and Denmark (Aarhus and Copenhagen).

Inclusion Criteria
We included patients below 12 years of age or below 40 kg 

body weight with SARS-CoV-2 infection [confirmed via real-time 
polymerase chain reaction (rtPCR) testing of either nasopharyn-
geal, oropharyngeal or tracheobronchial samples, or viral RNA 
detection in the blood] receiving mAbs between January 1, 2021, 
and March 7, 2022, at participating study sites.

Ethical Considerations
The study protocol was approved by the human research ethics 

committee of the city of Vienna and according to local policies, by 
institutional review boards of the participating centers. All investiga-
tors adhered to the declaration of Helsinki and good clinical practice 
guidelines. All patients in this cohort were treated with mAbs because 
of local guidelines at the time or due to clinical judgment of the treat-
ing team. The legal caregivers gave written informed consent for the 
off-label use of the drug. Additionally, informed consent was obtained 
regarding the use of retrospective data for anonymized analysis if 
required by local regulations. All data were collated retrospectively, 
entered into a password protected case report form, and transferred to 
the principal investigators for subsequent analysis.

Statistical Analysis
Patient parameters were extracted from routine medical 

charts and included in the case report form. We regarded SARS-
CoV-2 infection and mAb treatment as exposure, and investigated 
the occurrence of adverse events as primary outcome. Adverse 
events studied included intensive care unit (ICU) treatment, high-
flow nasal cannula treatment, neutropenia <0.5 billion/L, lympho-
penia <0.2 billion/L, alanine transaminase rise over 3 times upper 
limit of normal, thrombosis, chills, nausea or vomiting, brono-
chospasm, hypotonia, allergic reaction, anaphylaxis and death. 
Descriptive results are presented as proportions (%) for categorical 
variables, and medians and interquartile range (IQR) for continu-
ous variables. All analyses were performed using the R language 
for statistical computing version 4.0.2 (R Foundation for Statisti-
cal Computing, Vienna, Austria) and Exploratory software version 
6.9.4 (Exploratory Inc., Mill Valley, CA).

Role of the Funding Source
The study did not receive funding from any third party.

RESULTS

Data Availability
We received patient data from 4 study centers in Austria, 2 in 

Denmark and 6 in Germany. All 53 reported cases met the inclusion 
criteria. Of these, 27 cases were reported from centers in Austria 
(51%), 20 from Germany (38%) and 6 from Denmark (11%).

Patient Characteristics
Median patient age was 5.4 years (range 0–13.8, IQR = 6.2) 

with 4 patients under 6 months of age (8%), 3 patients between 6 
months to under 2 years (6%), 16 patients between 2 and <5 years 
(30%), 26 patients between 5 and <12 years (49%) and 4 cases 12 
years and older (8%). The majority of patients were male (58%). 
Only 2 patients had received prior COVID-19 vaccination (4%).

In 17 patients, the SARS-CoV-2 variant Omicron was 
detected (17/53, 32%), followed by Delta (8/53, 15%) and Alpha 
(2/53, 4%). In 26 patients, the SARS-CoV-2 variant was unknown 
(49%, Figure, Supplemental Digital Content 1, http://links.lww.com/
INF/E872). The most frequently reported pre-existing conditions 
were immunodeficiency (49%) followed by malignancy (45%), car-
diac disease (21%), hematologic disease (19%), chronic lung disease 
(19%), chronic liver disease (9%), kidney disease (9%) and diabetes 
(2%, Table 1). All patients had at least 1 pre-existing condition, and 
all but 4 patients (8%) had multiple pre-existing conditions.

Symptoms and Measurements at Admission
Upper respiratory tract infection was the most frequently 

reported symptom at admission (58%), followed by fever (57%), 
gastrointestinal symptoms (23%), lower respiratory tract infection 
(23%) and neurologic symptoms (13%, Table 1).

Median body weight at admission was 20 kg (3–50.1, IQR 
= 13), and median height was 111 cm (IQR = 37). Respiratory rate 
at admission ranged between 15 and 60 per minute (median 24, 
IQR = 9.5, n = 47) and peripheral oxygen saturation between 60% 
and 100% (median 98, IQR = 3, n = 49). The median white blood 
count was 5.35 billion/L (0.31–21, IQR = 4.59, n=50), and median 
lymphocytes were 0.90 billion/L (0.03–7.07, IQR = 1.42, n = 47).

Treatment of SARS-CoV-2 Infection
COVID-19-related treatment (other than mAbs) included 

oxygen (26%), dexamethasone (15%), remdesivir (11%) and other 
immunomodulatory drugs (6%). Dexamethasone was adminis-
tered at a median of 5 days after symptom onset (−3 to 15, IQR = 
9.25, n = 8) and given for a median of 10 days (2–14, IQR = 5.25, 
n = 6, Table 2). Remdesivir was administered at a median of 3 days 
after symptom onset 1–6, IQR = 2, n = 5) and given for a median 
of 4 days (0–7, IQR = 2.75, n = 6). Immunomodulatory treat-
ment included anakinra (4%) and baricitinib (2%). mAb treatment 
included sotrovimab, casirivimab/imdevimab and bamlanivimab. 
Sotrovimab was given to 42 patients (79%) with a median dose 
of 12.5 mg/kg (7–30.5, IQR = 1, n = 42). Casirivimab/imdevimab 
was given to 9 patients (17%) with a median total dose of 23.1 mg/
kg (17.2–37.5, IQR = 13.3, n = 9). Bamlanivimab was given to 2 
patients (4%) with a median dose of 33.1 mg/kg (26.4–39.8, IQR 
= 6.7, n = 2). The median time between the positivity of rtPCR and 
the provision of mAbs was 1 day (0–23, IQR = 2.25, n = 52). In 
91% of patients, symptoms were present at the time of mAb treat-
ment. Nine percent of patients had no reported symptoms at the 
time of mAb treatment. All patients had either been tested posi-
tive during routine SARS-CoV-2 screening or after exposure to 
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the index case or because of typical symptoms. In 36 patients, the 
reason for mAb treatment was the underlying condition, and in 8 
patients, the reason was the disease severity, and in 5 patients both.

Clinical Outcome and Potential Side Effects of mAbs
All patients in the study survived except one (98%, 

Table 2). This child received bamlanivimab in an advanced stage 
of critical COVID-19 with herpes simplex and Pseudomonas 
aeruginosa superinfection and acute respiratory distress syn-
drome in the ICU.13 The median duration of hospital stay was 3 

days (0–56, IQR = 6, n = 50). Seven patients required treatment 
in an ICU (13%) with a median duration of ICU stay of 4 days 
(2–40, IQR = 10.5). Five patients required high-flow nasal can-
nula treatment (9%) for a median of 3 days (1–38, IQR = 4). The 
most frequently reported potential side effects were neutropenia 
(11%), lymphopenia (6%), nausea or vomiting (4%), rise of ala-
nine transaminase over 3 times the upper limit of normal (2%) 
and hypotonia (2%). None of the participating centers observed 
thrombosis, chills, bronchospasm, allergic reaction or anaphy-
laxis. In no case, treatment was discontinued due to side effects.

TABLE 1. Pre-existing Conditions and Symptoms at Admission

Pre-existing conditions* Yes (%) No (%) Unknown (%) NA (%) 

Immunodeficiency 26 (49%) 6 (11%) 0 (0%) 21 (40%)
Malignancy 24 (45%) 28 (53%) 0 (0%)  1 (2%)
Hematologic disease 10 (19%) 14 (26%) 0 (0%) 29 (55%)
Cardiac disease 11 (21%) 40 (75%) 0 (0%)  2 (4%)
Chronic lung disease 10 (19%) 40 (75%) 0 (0%)  3 (6%)
Chronic liver disease  5 (9%) 39 (74%) 0 (0%)  9 (17%)
Kidney disease  5 (9%) 47 (89%) 0 (0%)  1 (2%)
Diabetes  1 (2%) 52 (98%) 0 (0%)  0 (0%)
Other pre-existing conditions† 37 (70%)  0 (0%) 0 (0%) 16 (30%)

Symptoms at admission         

Upper respiratory tract symptoms 31 (58%) 21 (40%) 1 (2%)  0 (0%)
Fever 30 (57%) 21 (40%) 2 (4%)  0 (0%)
Gastrointestinal symptoms 12 (23%) 41 (77%) 0 (0%)  0 (0%)
Lower respiratory tract symptoms 12 (23%) 41 (77%) 0 (0%)  0 (0%)
Neurologic symptoms  7 (13%) 46 (87%) 0 (0%)  0 (0%)

Unknown, information was unknown to the study center; NA, no information provided by the study center.
*Some patients had >1 pre-existing condition.
†Other pre-existing conditions comprised a variety of medical conditions other than those listed previously, including chromosomal abnormalities and prematurity.

TABLE 2. Treatment, Clinical Outcome and Potential Side Effects

SARS-CoV-2 Infection-specific Treatment Yes (%) No (%) Unknown (%) NA (%) 

Oxygen 14 (26%) 39 (74%)  0 (0%)  0 (0%)
Dexamethasone  8 (15%) 45 (85%)  0 (0%)  0 (0%)
Remdesivir  6 (11%) 45 (85%)  0 (0%)  2 (4%)
Immunomodulatory treatment  3 (6%) 50 (94%)  0 (0%)  0 (0%)

SARS-CoV-2 mAb product given         

Sotrovimab 42 (79%)  0 (0%)  0 (0%)  0 (0%)
Casirivimab/Imdevimab  9 (17%)  0 (0%)  0 (0%)  0 (0%)
Bamlanivimab  2 (4%)  0 (0%)  0 (0%)  0 (0%)

Reason for SARS-CoV-2 mAb treatment         

Underlying condition 41 (77%)  0 (0%)  0 (0%) 12 (23%)
Disease severity 13 (25%)  1 (2%)  0 (0%) 39 (74%)

Clinical outcome         

ICU treatment  7 (13%) 46 (87%)  0 (0%)  0 (0%)
HFNC  5 (9%) 34 (64%)  0 (0%) 14 (26%)
Survival 52 (98%)  1 (2%)  0 (0%)  0 (0%)

Potential side effects reported         

Neutropenia (<0.5 billion/L)  6 (11%) 36 (68%)  7 (13%)  4 (8%)
Lymphopenia (<0.2 billion/L)  3 (6%) 39 (74%)  8 (15%)  3 (6%)
ALT rise (>3 times ULN)  1 (2%) 36 (68%) 12 (23%)  4 (8%)
Thrombosis  0 (0%) 52 (98%)  0 (0%)  1 (2%)
Chills  0 (0%) 51 (96%)  0 (0%)  2 (4%)
Nausea or vomiting  2 (4%) 50 (94%)  0 (0%)  1 (2%)
Bronochospasm  0 (0%) 50 (94%)  0 (0%)  3 (6%)
Hypotonia  1 (2%) 51 (96%)  0 (0%)  1 (2%)
Allergic reaction  0 (0%) 51 (96%)  0 (0%)  2 (4%)
Anaphylaxis  0 (0%) 53 (100%)  0 (0%)  0 (0%)

ALT indicates alanine transaminase; HFNC, high-flow nasal cannula; NA, no information provided by the study center; ULN, upper limit of normal; unknown, information was 
unknown to the study center.
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DISCUSSION
Our study shows preliminary evidence of good tolerability 

of mAbs in SARS-CoV-2-infected patients younger than 12 years 
or weighing below 40 kg and having several risk factors for severe 
COVID-19. In this small cohort of patients, no severe reactions 
related to mAb treatment were reported. Furthermore, progression 
to severe disease was not observed with mAb treatment given early 
in the course of infection.

In adult studies, allergic reactions, anaphylaxis, or infu-
sion-related reactions were the main reported serious side effects 
occurring in bamlanivimab (2.3% of patients experienced local 
reactions),14 casirivimab/imdevimab (1.4% grade ≥2 infusion-
related reaction),15 sotrovimab (1% infusion-related reactions and 
1 patient, ie, <1%, with infusion-related dyspnea)16,17 and regdan-
vimab (2.9% with hypertriglyceridemia, 1% infusion-related reac-
tion, 2 patients, ie, 8.3%, in the phase 1 study with hepatocellular 
injury).18–20 Although studies with head-to-head comparisons are 
lacking, mAbs are thought to cause fewer side effects such as serum 
sickness, allergic reactions or life-threatening anaphylaxis than tra-
ditional serum therapy or polyclonal preparations (eg, convalescent 
plasma).21

Due to data scarcity in children, despite promising studies 
in adults, a United States expert consortium in 2021 did not rec-
ommend the routine use of imdevimab and bamlanivimab in chil-
dren, even in cases of high risk for disease progression.22 Later, 
the panel revised its recommendation regarding older children 
and adolescents but stated that especially due to the lack of data 
on safety and unknown adverse effects, the consortium does not 
recommend SARS-CoV-2 mAb treatment in younger children.23 
To date, the American Academy of Pediatrics only recommends 
the use of mAbs in patients above 12 years of age and 40 kg 
with early (<10 days from symptom onset or first SARS-CoV-
2-positive PCR result) mild-to-moderate COVID-19 who do not 
show signs of severe disease.7 However, the only mAb product 
currently available for patients younger than 12 years of age for 
this indication in the United States is bamlanivimab/etesvimab, 
which has shown severely reduced in vivo activity against new 
virus strains.12,24

While it is generally accepted that morbidity and mortal-
ity from acute COVID-19 are low for CYP, children with one or 
especially multiple comorbidities are more prone to severe dis-
ease. Nevertheless, even more than two years into the pandemic, 
risk factors for developing severe disease in children are ill-defined 
compared to older age groups. Real-life data show that infants and 
children with comorbidities, especially severe respiratory, cardio-
vascular, neuromuscular, and malignant diseases are prone to unfa-
vorable outcomes (Table, Supplemental Digital Content 2, http://
links.lww.com/INF/E873, which summarizes pediatric patients 
prone to severe COVID-19). Other children at risk for severe 
disease progression might be those with poor or absent ability to 
mount a humoral immune response and thus representing another 
group potentially benefiting from mAb treatment.25 These include 
children with malignancies and, although data are still conflicting, 
patients with inborn errors of immunity such as combined immu-
nodeficiencies, immune dysregulation disorders and innate immune 
defects impairing type I interferon.26 Many national decision-mak-
ing bodies suggest the use of mAbs in vulnerable individuals.7,27 
The table, Supplemental Digital Content 3, http://links.lww.com/
INF/E874, summarizes present international recommendations 
on using mAbs against SARS-CoV-2 in pediatric patients. These 
recommendations are based on expert opinions, and physicians are 
encouraged to make case-by-case decisions.

To date, high-quality data on the safety of SARS-CoV-2 
mAb use in CYP under 12 years of age and below 40 kg body 

weight is lacking. As a result, pediatric societies worldwide are 
forced to base their recommendations on the scarce evidence 
about these potentially beneficial therapeutics.22,28 One retrospec-
tive cohort study focused on adolescents receiving SARS-CoV-2 
mAbs in the emergency department.29 It reviewed 17 patients (13–
21 years old, weighing >40 kg) with mild-to-moderate disease and 
risk for disease progression through pre-existing conditions such as 
diabetes, obesity, or trisomy 21. Like our results, the study showed 
no significant adverse events, no sign of anaphylaxis or severe aller-
gic reaction. Progression to severe COVID-19 was only observed 
in one 17-year-old patient.29 Another observational study investi-
gated the provision of mAbs against SARS-CoV-2 in 73 children 24 
days to 18 years of age—including 37 children below 12 years of 
age—with secondary immunodeficiency, congenital heart disease, 
primary immunodeficiency, neurodevelopmental disorder, obesity, 
chronic bronchopneumopathy, heart transplant, acquired heart dis-
ease or chronic kidney failure.11 Again, the study found no signifi-
cant adverse effects or reactions such as anaphylaxis, hypotension 
or dyspnea.

While it is evident that during the COVID-19 pandemic, 
randomized controlled trials may not always be feasible because 
of practical issues with recruitment, enrollment time and informed 
consent, infants and children are often neglected in clinical trials, 
and researchers or sponsors choose not to include them in safety 
and effectiveness trials. In our study, most patients were unvacci-
nated against SARS-CoV-2, and 43% of participants (23/53) were 
not eligible for vaccination at that time because they were under 5 
years of age.30

Recent in vitro and in vivo data suggest that the activity 
of available monoclonal antispike protein antibodies against the 
B.1.1.529 (Omicron) variant may be reduced.31–34 However, there 
is evidence that sotrovimab, adintrevimab, cilgavimab and tixa-
gevimab retained neutralizing activity.12,34 Furthermore, the con-
centrations of sotrovimab obtained in the plasma of adult patients 
(the maximum concentration at the end of infusion of 118 µg/
mL and concentration at day 29 of 25 µg/mL) easily exceed the 
increased IC

50
 neutralization levels of approximately 1 µg/mL 

reported for BA.1, BA.2, BA.4 and BA.532 It has to be noted that 
conflicting in vitro data exist, with IC

50
 neutralization levels against 

most variants above >50 µg/mL in other studies.32,35 No data for 
plasma levels of pediatric patients are available. However, based on 
the average dose of 12.5 mg/kg of body weight used in the present 
study, rather higher concentrations might be expected than in adults 
after the standard dose of 500 mg (corresponding to 6.7 mg/kg in a 
75-kg adult). Given the high speed of drug development during the 
pandemic, new antibodies may soon become available, and it would 
be desirable that clinical trials on the safety and efficacy of these 
products also include children.36,37

Limitations
This study has several limitations. First, the small sample 

size and retrospective design allow only limited conclusions about 
the safety of the mAbs used. Second, the type of product, the timing 
of administration and the dosage were not standardized and var-
ied among subjects and participating study sites. Third, no stand-
ardized criteria for patient selection were available at the time of 
recruitment. In addition, some participants received mAbs as “res-
cue therapy,” that is, in cases of life-threatening severe COVID-19, 
which is not part of the authorization of mAbs in adults. Finally, 
although we included patients with a wide range of pre-existing 
conditions at high risk for severe COVID-19, children with hema-
tologic and oncologic conditions accounted for the majority of 
patients. Our study was not designed to prove effectiveness in pre-
venting hospitalization and death, but to look at risk factors and 
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clinical situations triggering pediatricians to treat CYP with mAbs 
as well as tolerability in this small group of patients.

CONCLUSION
This study is among the first to investigate the application of 

mAbs in children younger than 12 years of age or less than 40 kg of 
body weight who are at high risk for severe COVID-19. Although 
more data are needed, mAbs were well tolerated as off-label treat-
ment by patients in this cohort.
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