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Abstract: Background: The COVID-19 pandemic was characterized by mild-to-moderate disease in
children and adolescents, with low incidences of severe cases and mortality. Most of the informa-
tion on drug therapy in COVID-19-positive children was derived from research in adult patients.
Remdesivir, an inhibitor of viral RNA polymerase, was shown to be effective in COVID-19 patients
with moderate-to-severe disease. In this study, we present our experience of the use of remdesivir in
pediatric patients hospitalized with COVID-19. Materials and methods: This retrospective study was
based on the early use of remdesivir in 14 children with mild, moderate, and severe clinical forms
of COVID-19, who were hospitalized between 1 January 2022, and 30 September 2023. Results: The
patients included eight infants and six children older than 1 day (the age range was 2 months to
17 years). Most of them (92.85%) had documented pneumonia. Four patients had associated acute
laryngitis, and another had bronchiolitis. Coinfections with Streptococcus pneumoniae were diag-
nosed in two patients. The clinical course was favorable in 12/14 (85.71%) children. Two patients were
transferred to the pediatric intensive care unit because of aggravation of associated acute diseases
(acute laryngitis and bronchiolitis, respectively). Mild increases in alanine aminotransferase levels
occurred in two patients, with no increase in serum creatinine, during treatment with remdesivir.
Conclusion: The appropriate use of remdesivir proved safe and efficient in our group of patients.
However, further studies are required to support the efficiency, tolerability, and safety of remdesivir
in children.
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1. Introduction

The coronavirus 2019 (COVID-19) pandemic represented a serious challenge to health-
care systems worldwide. Children and adolescents experienced less severe disease com-
pared to adults, with most cases requiring only symptomatic treatment or no treatment [1,2].
Mortality at young ages was related to certain risk factors and had a low incidence [3-5].
The choice of the appropriate therapy for children was a significant issue during the pan-
demic. Few clinical studies have examined drug therapy for children and adolescents with
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SARS-CoV-2 infection; the limited number of studies available have generally included
adult patients [6-10].

Remdesivir, a nucleotide prodrug analog that inhibits viral RNA polymerase, displays
in vitro and in vivo activity against SARS-CoV-2 [1,11,12]. It has shown clear benefits in
moderate-to-severe pediatric cases of COVID-19, especially for children of all ages with
an increase in supplemental oxygen [13]. The use of remdesivir has been approved for
pediatric patients by the US Food and Drug Administration and for adolescent patients
(>12 years) by the European Medicines Agency (EMA) [14,15]. The criteria for applying
remdesivir treatment are a weight of at least 40 kg and age of at least 12 years, the onset of
disease a maximum of 7 days ago, the lack of need for additional oxygen, and the presence
of risk factors for severe disease evolution [16]. In most cases, treatment with remdesivir
has been evaluated in randomized clinical trials with adults. Regarding the safety of using
remdesivir, a study carried out with adults highlighted biological changes, represented by
increased serum creatinine and serum alanine aminotransferase values, as well as clinical
side effects, namely, bradycardia, in addition to the mortality benefit [17,18]. Experience
with the safety and efficacy of remdesivir use in pediatric patients is limited [19]. This
article presents our experience with the use of remdesivir in 14 pediatric patients admitted
with SARS-CoV-2 infection between 1 January 2022, and 30 September 2023. Remdesivir
was prescribed according to the national medical protocol in use at the time of admission.

2. Materials and Methods

We performed a retrospective study of COVID-19-positive children admitted to the
Pediatric Infectious Diseases Department of the Clinical Hospital of Pneumology and
Infectious Diseases in Brasov, Romania, between 1 January 2022, and 30 September 2023.
Patients aged between 1 day and 17 years received remdesivir during hospitalization.
Informed consent for treatment, data sharing, and publication was obtained at admission in
all cases from the legal guardians. The patients were deidentified, and the study data were
extracted from existing hospital administrative databases or electronic medical records by
the primary author. All patients were tested for SARS-CoV-2 infection at admission, using
either RT-PCR or rapid antigen testing. The data collected were age, sex, time from onset
of symptoms to admission, comorbidities or previous conditions, severity of SARS-CoV-2
infection, clinical manifestations, admission to the pediatric ward or pediatric intensive
care unit (PICU), need for oxygen administration, length of stay, and clinical course and
outcome. We also included significant laboratory data: WBC, CRP, and liver and kidney
function tests (alanine aminotransferase ALT and serum creatinine, respectively), measured
at the beginning and end of remdesivir treatment. As the normal values of the laboratory
analyses show some differences depending on the age of the patients and the laboratory
where it was performed (in our case, the laboratory of the Pediatric Clinical Hospital in
Brasov and the laboratory of the Clinical Hospital of Pneumology and Infectious Diseases
in Brasov), to obtain a homogeneous evaluation of the changes in the analyses, a qualitative
assessment was made of, respectively, a normal, low, or increased value. The severity or
clinical form of COVID-19 was established according to the standard protocols used at the
time of the patient’s admission [20,21]:

e mild form: general or upper respiratory tract symptoms, without manifestations
evocative of pneumonia, without lung damage;

e medium form: patients with imaging-confirmed pneumonia, but without hypoxemia
(with no respiratory impairment before the current illness);

e  severe form: respiratory distress with oxygen saturation below 94% in atmospheric air
and imaging abnormalities suggesting lung damage;

e  critical form: patients with severe respiratory failure requiring ventilatory support,
septic shock, or multiple organ dysfunction.

According to the same protocols, children with a history of chronic diseases (neurolog-
ical pathology, genetic syndromes including trisomy 21, obesity, chronic cardiopulmonary
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diseases), immunocompromised children, and older adolescents (aged over 16 years) could
be considered at high risk of severe disease.

Remdesivir doses were administered according to EMA recommendations: 5 mg/kg
on the first day and 2.5 mg/kg on the following days [22].

3. Results

We identified 246 COVID-19-positive children who were admitted to our department
between 1 January 2022 and 30 September 2023. Of these, 148 (60.16%) were younger than
1 year, and 98 (39.84%) were older than 1 year. The diagnosis of SARS-CoV-2 infection was
obtained at admission using either the RT-PCR test or the rapid antigen test. Only 14 (5.69%)
patients, representing our study group, received remdesivir (Table 1). In the remdesivir
group, 7/14 (50%) cases presented various comorbidities (recurrent wheezing, congenital
ichthyosis, congenital heart malformation) or had a history of acute, predominantly infec-
tious conditions (acute tonsillitis, bronchiolitis, pneumonia, infectious mononucleosis). The
interval from the onset of disease to hospitalization was less than 3 days, with five patients
presenting the same day and six patients the day after the onset of symptoms (Table 2). No
patient required initial admission to the PICU. The clinical picture was dominated by fever
(13/14, 92.85%) and cough (8/14, 57.14%). Dyspnea was rare (4/14, 28.57%) and always
associated with pneumonia, bronchiolitis, or laryngitis. Only 4/14 (28.57%) children had
digestive symptoms (vomiting or diarrhea). The initial clinical picture was represented by
convulsions in one patient and syncope in another (Table 3). During the clinical course,
13 children had documented pneumonia, one patient developed bronchiolitis, and another
four had acute laryngitis, all associated with pneumonia. In two patients, bacterial coin-
fections were diagnosed by RT-PCR from the respiratory secretions: two cases of infection
with Streptococcus pneumoniae, associated with Haemophilus influenzae in one case.

Regarding the laboratory data (Table 4), the WBC level was normal in 12/14 (85.71%)
cases, with associated lymphopenia in 8/14 (57.14%). CRP levels were measured at ad-
mission in 11/14 (78.57%) patients and were elevated in only 2/11 (18.18%). Alanine
aminotransferase (ALT) values at admission were measured in 12/14 (85.71%) patients
and were normal in 11/12 (91.66%); only one child had elevated values, but he had also
experienced a recent episode of infectious mononucleosis with associated hepatitis. Serum
creatinine was normal on admission in all patients for whom it was measured (11/14,
78.57%).

Remdesivir treatment was initiated at the onset of hospitalization in 3/14 (21.43%)
patients and after 1-6 days in the remaining 11/14 (78.57%). The duration of remdesivir
treatment varied, from 1 day in a patient who required transfer to PICU the day after
admission to 7 days in a patient who presented with a severe clinical form of COVID-19,
with associated pneumonia, bronchiolitis, and coinfection with S. pneumoniae. Remdesivir
was administered to most of the patients (8/14, 57.14%) for five days. The patients re-
ceived other simultaneous therapies. Parenteral corticosteroid therapy was administered
to 12/14 (85.71%) patients, and antibiotics were also given to 12/14. Remdesivir, cortisone,
and antibiotic-associated therapy were applied to 10/14 (71.42%) patients.

The clinical course of patients treated with remdesivir was favorable in 12/14 (85.71%)
patients, with discharge in an improved condition after variable periods of hospitalization
(Table 5). Oxygen administration was required in just 2/14 (14.28%) cases: one with
associated pneumonia and bronchiolitis and the second with associated pneumonia and
laryngitis. The severity of COVID-19, as well as the need for associated antibiotic or
cortisone treatment, influenced the duration of hospitalization. Two patients required
transfer to the PICU: one for worsening bronchiolitis and the requirement of oxygen after
12 days of hospitalization and the other after displaying a rapid worsening of associated
acute laryngitis after the first day of hospitalization.
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Table 1. Distribution by gender and age group of pediatric patients diagnosed and admitted with COVID-19.

Gender
Treatment with Remdesivir
Male Female 1 (%)
n (%) n (%)
Infants and newborns 66 (44.59%) 82 (55.41%) 8 (5.41%)
Children aged 1-17.9 years old 70 (71.43%) 28 (28.57%) 6 (6.12%)
Total 136 (55.28%) 110 (44.72%) 14 (5.69%)
Table 2. Epidemiological and clinical characteristics of pediatric patients diagnosed and admitted with COVID-19.
Patient 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Aﬁ%g{fgn 5M 4M 2M 1Y1M 1Y2M 3M 2Y 15Y 1Y 4y 5M 1Y10M 2M 5M
Gender M M M F F F M M M M M F M F
Onset:
Admission 1 Same day Same day 1 Same day 1 2 Same day 2 Same day 1 3 1 1
Interval (days)
Recurrent Enterococcus : Acute angina AR . Congenital
PPH whees- - spp- Chibyoss - Umnav © Do Ve heartmalfor- -
ing infection lchthyosis infection p mation
Fever X X - X X X X X X X X X X X
Cough X X X X X - X - X - - X - -
Dyspnea X - - X - - - - - - - X - X
Nasal
obstruction B B X B B B B B B B B B X B
Vomiting - - - - - X X - X - - - - -
Diarrhea - - - - X - - - X - - - - -
O,
administration X - - - - - - - - - - _ _ X
Other - - - - - - - Syncope %)3;31;3108 n
Legend: M—month, Y—year, PPH—Personal Pathological History, M—male, F—female, X—present, “-"—absent.
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Table 3. Clinical characteristics of pediatric patients diagnosed and admitted with COVID-19.

Patient 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Clinical form of COVID-19
Mild X
Medium X X X X X X X X X X X
Severe X X
Associated diseases
Pneumonia X X X X X X X X X X X X
Bronchiolitis X
Laryngitis X X X X
Others A(ljsgz—ndcet?r,:;t?s Anemia Anemia
Admitted to ICU
NO NO NO NO NO NO NO NO NO NO NO NO NO NO
SARS-CoV-2 Infection Confirmation
RT-PCR X X X
Rapid Antigen Test X X X X X X X X X X X

Legend: ICU—Intensive Care Unit. X—present, “NO”—Not admitted to ICU.
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Table 4. Laboratory data and therapeutic data of pediatric patients diagnosed and admitted with COVID-19.
Patient 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Leucocytes N N N N N D N N N N N N D N
Lymphocytes N N N N D D D D N D D N D D
CRP N D N N/A N/A N N N I N N N/A N N
ALT (TGP) at admission N I N N/A N/A N N N N N N I N N
Serum creatinine N N N N/A N/A N N N N/A N N N N N
Onset: Administration of Remdesivir interval (Days) 6 1 Same day 1 1 2 3 Same day 3 Same day 2 5 1 2
No of days of Remdesivir administration 7 5 2 1 5 5 5 3 4 5 5 4 5 5
Corticotherapy Yes Yes Yes Yes No Yes Yes Yes Yes Yes Yes Yes No Yes
Antibiotics Yes Yes Yes Yes Yes No Yes No Yes Yes Yes Yes Yes Yes
Legend: CRP—C Reactive Protein, N—Normal Value, I—increased value, D—decreased value, N/ A—not assessed.
Table 5. Evolutive data of pediatric patients diagnosed and admitted with COVID-19.
Patient 1 2 3 4 5 6 7 9 10 11 12 13 14
Clinical evolution after Remdesivir administration
Improvement and discharge from hospital X X X X X X X X X X X
COVID-19 worsening and transfer - - - - - - - - - - - - -
Worsening of the associated disease and X_ B X Laryngitis
transfer to PICU Bronchiolitis
Hospitalization days
n 12 5 2 1 8 7 8 14 5 5 6 9 6
ALT (TGP)—at discharge
n N N N N/A I I N N N/A N D N N
Serum creatine
n N N N N/A N N N N N/A N N N N

Legend: N—Normal Value, I—increased value, D—decreased value, N/A—not assessed, X—present.
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4. Discussion

The mechanism of action of remdesivir functions by inhibiting viral replication
through the premature termination of RNA transcription following binding to a viral
RNA-dependent polymerase [12,23]. The antiviral effect of remdesivir on some RNAs
was demonstrated by studies conducted before the SARS-CoV-2 pandemic. Furthermore,
clinical studies have highlighted the usefulness and safety of using remdesivir in various
contexts, including in Ebola virus infection [24,25].

For the treatment of SARS-CoV-2 infection in children, remdesivir is recommended for
patients meeting certain conditions: they must be at least 12 years old and weigh at least
40 kg, the onset of symptoms must be at least 7 days ago, they must not need additional
oxygen administration, and they must present risk factors for severe disease evolution [26].
The dosage differs according to the weight of the patient. For those weighing over 40 kg,
200 mg is administered on the first day and then 100 mg/day in a single dose. For patients
weighing less than 40 kg (3—40 kg), the dose is calculated according to weight: 5 mg/kg
on the first day and then 2.5 mg/day in a single dose (10,25). In adults, the initiation of
remdesivir treatment in the first 7 days of the disease has been associated with a decrease
in mortality at 28 days and a reduction in the need for mechanical ventilation [27].

Studies on remdesivir treatment in children and adolescents were carried out at the
beginning of the COVID-19 pandemic in the context of its compassionate use [28,29].
Goldman et al. conducted a study on a group of 77 pediatric patients from six countries
who underwent treatment with remdesivir for severe forms of COVID-19 between 21 March
2020, and 22 April 2020. The patients were of various ages, with a median of 14 years, and
79% had at least one comorbidity. Of these children, 90% required additional oxygen from
the beginning, and 51% needed invasive ventilation. By day 28, 83% had recovered, and
73% were discharged. Of the children who required invasive ventilation, 80% recovered,
and 67% were discharged. Of the four recorded deaths, three were interpreted as being
caused by SARS-CoV-2 infection. The study highlighted the good level of tolerance to
remdesivir therapy, the high recovery rate of the treated children, and a low incidence of
serious adverse events (16%) [28].

Mendez-Echevarria et al. published a study conducted on eight infants and older
children with severe COVID-19 who received remdesivir [29]. Six required admission
to the PICU, five required mechanical ventilation (14 to 23 days), and one case required
noninvasive ventilation. The evolution was favorable in seven patients. Patient 8 presented
with multifactorial renal failure and died of COVID-19 and severe complications 10 days
after remdesivir administration, initiated late after the onset of SARS-CoV-2 infection
symptoms. No increase in liver enzymes was found in any patient.

A narrative analysis type of study, published in 2021 by La Tessa et al., discussed that
at that time there were few studies on the use of remdesivir in the treatment SARS-CoV-2
infection in children, especially in severe or critical forms of the disease. They also noted
the effectiveness of remdesivir therapy, administered as early as possible in the course of
the disease, as well as the low rate of serious adverse events [30].

A study of a large number of children hospitalized with COVID-19 in the intensive
care unit in 2020 found that most received therapies targeting the SARS-CoV-2 virus,
including remdesivir, despite little data at the time on the use of new antiviral agents in
pediatric patients [31]. Another multi-center study, conducted on 52 patients with COVID-
19, highlighted that remdesivir treatment was generally well-tolerated; 82% of patients were
discharged, and many showed clinical improvements based on a 7-point ordinal scale [32].
Adverse events were recorded in 21 patients, comprising acute renal failure, increased
serum alanine aminotransferase values, hyperglycemia, and increased blood pressure.

Data from the specialized literature suggests that remdesivir treatment is safe, as
demonstrated by the lack of adverse effects directly attributable to the drug, in the treatment
of pediatric SARS-CoV-2 infections. Patients who received multiple doses of remdesivir
had fewer symptoms and lower median World Health Organization Ordinal Scale scores
for clinical improvement [12]. The use of remdesivir was also correlated with a reduced
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need for invasive mechanisms of additional oxygen administration. Less than a quarter of
patients required an increase in oxygen support while receiving remdesivir [12,33,34].

In our geographical area, one paper analyzed the use of remdesivir in children. The
study was performed in Bucharest and showed that the use of remdesivir in the treatment
of COVID-19 in children was not associated with serious adverse reactions [34].

Our study evaluated the efficiency and safety of remdesivir treatment in 14 pediatric
patients aged between 2 months and 15 years, who were diagnosed with mild (1 patient),
moderate (11 patients), and severe (2 patients) forms of COVID-19. Remdesivir was used in
only 5.69% of all children hospitalized with COVID-19, in similar proportions in infants and
children over 1 year old (5.41% of hospitalized infants and 6.12% of hospitalized patients
aged over 1 year). A high proportion of young infants received remdesivir (7/14, 50%), the
youngest aged 2 months.

Hospitalization occurred early after the onset of symptoms in most patients. Only one
child was hospitalized three days after onset. The speed with which the diagnosis of SARS-
CoV-2 infection was established is notable, occurring in all cases on the day of admission,
regardless of the test used for the diagnosis. This allowed the rapid establishment of
treatment, including remdesivir, in most cases. In just two patients, the remdesivir treatment
was initiated five and six days after the onset of symptoms due to the aggravation of
symptoms attributed to SARS-CoV-2 infection. The presence of some comorbidities, along
with young age and clinical form, determined the decision to treat with remdesivir. All
patients were initially hospitalized in the pediatric ward, not the PICU.

Notably, the dominant clinical manifestations were uncharacteristic of COVID-19,
namely, fever and cough, which are symptoms also found in other respiratory diseases of
various etiologies. Testing for SARS-CoV-2 was imposed in a pandemic epidemiological
context, a situation that must be considered in the future, to properly manage cases. The
patients were also tested by RT-PCR of respiratory secretions for other respiratory, viral,
and bacterial infections. No viral coinfections were identified, but bacterial coinfections
were identified in two children: one with mono-infection with S. pneumoniae and one with
double infection with S. pneumoniae and H. influenzae.

Only two patients, with severe clinical forms, required administration of oxygen with
a simple face mask at the time of hospitalization. One, a 5-month-old infant with associated
pneumonia and bronchiolitis, coinfection with S. pneumoniae, and a background of recurrent
wheezing, was transferred to the PICU on the day of admission. The second patient who
required oxygen from admission, with a medium clinical form of COVID-19 associated with
bronchiolitis, evolved favorably, with discharge. This suggests the need to correctly evaluate
the involvement of various associated pathologies in a certain evolutionary modality in
patients with COVID-19.

The analysis of changes in serum leukocytes revealed interesting information. Most
patients had a normal number of leukocytes, and lymphopenia, a marker of the severity
of the SARS-CoV-2 infection, was identified in only some of the patients: one with a mild
form, one with a severe form, and six with moderate forms of the disease. In only two cases
was lymphopenia associated with leukopenia, in two patients with moderate forms of the
disease. These findings strengthen the evidence from the specialized literature, according
to which dynamic monitoring of the number of lymphocytes is required to assess the risk
of severe evolution [35].

To identify possible adverse effects of remdesivir, the values of ALT and serum creati-
nine were analyzed at the initiation and completion of treatment. These two analyses were
not performed at admission or at the end of treatment for all patients, for administrative
reasons. The patients had normal ALT values at the beginning of antiviral treatment in most
of the investigated cases; only one had elevated values. After completing the treatment
with remdesivir, normal values were found in 9/12 patients, with increased values below
two times the normal value in two patients. In the patient who had an increased value
initially, it remained increased but decreased compared to the initial level. These data must
be interpreted with caution because the patients simultaneously received other potentially
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liver-toxic medications, namely, paracetamol (acetaminophen), which is frequently used in
the treatment of fever. Serum creatinine had normal values at admission in the patients
for whom this analysis was performed and remained within normal limits even after the
completion of the antiviral treatment, reflecting the lack of renal toxicity among the patients
in our study group.

Patients in the study received etiological treatment for SARS-CoV-2 infection with
remdesivir. The initiation of therapy with remdesivir fell within the interval recommended
by specialist forums: in the first seven days from the onset of the disease. Twelve patients
received remdesivir within three days of the onset of symptoms. This was due to their rapid
presentation to the hospital, early diagnosis, and rapid assessment of the need for antiviral
treatment. The duration of remdesivir treatment varied: eight patients received five days of
treatment; five patients received between one and four days; only one patient, with severe
COVID-19 and associated pneumonia and bronchiolitis, received remdesivir for seven days.
No patient experienced a hypersensitivity reaction to remdesivir. All these findings suggest
that both the timing of the therapeutic intervention and its duration represent important
factors for the evolution of the disease.

The patients in the study group mostly benefited from other simultaneous treat-
ments, comprising corticotherapy (12/14) and antibiotics (12/14). The associated therapies
may have contributed to the favorable evolution observed in most patients, namely, the
discharge of 12 of them, after variable periods of hospitalization due to COVID-19 and
associated diseases.

Limitations: Our study had several limitations. In terms of the study type, our
study was a retrospective, single-center study in which a small number of children patients
received treatment with Remdesivir. In addition, the analysis was performed on the existing
medical record, which was in some cases incomplete in terms of laboratory investigations.
Due to the complex treatment administered to children with COVID-19, which also included
corticotherapy and antibiotic therapy, the conclusions regarding the efficacy and amplitude
of side effects of remdesivir as a single therapy should be used with precautions. Another
limitation that should be mentioned in terms of treatment with Remdesivir in children is
that each patient should be treated in concordance with the particularity of the case. The
approach of combined therapy should be analyzed taking into consideration any aspects
that could further influence the condition of the patient.

5. Conclusions

Our study contributes to the development of medical experience regarding the useful-
ness of remdesivir treatment in pediatric patients with COVID-19. Remdesivir contributed
to the favorable evolution of SARS-CoV-2 infection in the majority of patients and was
safe in terms of adverse effects. Further studies are required to support the efficiency,
tolerability, and safety of remdesivir in children.
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