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Introduction: While most children experience mild coronavirus disease 2019 (COVID-19) infections, a minority of cases progress to
severe or critical illness. This study aimed to assess the efficacy and safety of Remdesivir (RDV) therapy in children with moderate to
severe COVID-19, enhancing clinical decision-making and expanding our understanding of antiviral treatments for pediatric patients.
Methods: The study included 60 patients, 38 receiving RDV treatment and 22 serving as the control group. Data was collected
retrospectively from January 2021 to January 2022 through electronic hospital records.

Results: Regarding the main clinical symptoms reported, most patients experienced Upper Respiratory Tract Infections (93.3%),
indicating respiratory involvement. Additional symptoms included Central Nervous System (11.7%) and Gastrointestinal (10.0%).
Among the 38 cases in the RDV group included in the study, the adverse effects associated with using RDV: Hypoalbuminemia in 19
cases (50.0%) and anemia in 18 cases (47.4%), making them the most common adverse effects. Only one case in the RDV group
experienced non-RDV-related death with a different clinical diagnosis. The results showed that RDV treatment was well-tolerated in
pediatric patients, with no significant differences in hospital stay and oxygen treatment compared to the control group with P values
(0.2, 0.18), respectively.

Conclusion: The outcomes indicate that Remdesivir may represent a safe and therapeutic choice for children with coronavirus disease
2019 (COVID-19).
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Introduction
The pathogenic agent SARS-CoV-2, belonging to the novel coronavirus 2 family, exerts its predominant effects on the
respiratory tract, eliciting the onset of a complex and potentially life-threatening condition known as severe acute
respiratory syndrome.' The disease exhibits a spectrum of clinical presentations, from mild and asymptomatic manifesta-
tions to severe cases characterized by hypoxemia, ultimately culminating in respiratory failure and mortality.” However,
in the case of children, COVID-19 disease predominantly presents in a mild form and can often be managed with
supportive care alone. Only a small proportion of children experience severe or critical illness, necessitating assisted
ventilation and admission to the intensive care unit during the infection.’

In the quest for treating coronavirus disease 2019 (COVID-19) effectively, the main focus lies in utilizing extensively
studied randomized trials and well-established medications.*® Antivirals with inhibitory effects on protease and
nucleotide or nucleoside analogs targeting viral RNA synthesis have been repurposed for the management of coronavirus
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disease 2019 (COVID-19).° ' Among these agents, nucleoside analogs, particularly Remdesivir, stand out as a highly
potent antiviral option to combat the coronavirus disease 2019 (COVID-19). It serves as a nucleoside analog prodrug,
effectively inhibiting viral RNA polymerases and leading to delayed chain termination in viral RNA replication.'”'®
Notably, it has demonstrated both in vitro and in vivo efficacy against SARS-CoV-2."? In recent times, Remdesivir
(RDV) has shown encouraging outcomes, establishing itself as a promising antiviral for potential COVID-19 treatment.
Preliminary data from China indicated that RDV did not demonstrate clinical benefits in adults treated with the drug.*® In
the months following the pandemic outbreak, recent evidence has surfaced, showcasing the efficacy of the Remdesivir in
expediting clinical recovery time in adults with COVID-19. Conversely, various studies have highlighted the ineffec-
tiveness of hydroxychloroquine and lopinavir-ritonavir.>' > As a consequence of this data, the US Food and Drug
Administration granted an emergency use authorization (EUA) for Remdesivir, while the previously issued EUA for
hydroxychloroquine was rescinded.”*° Recent outcomes from clinical trials, involving over 1000 adult participants,
have revealed a reduced time to recovery when utilizing RDV compared to placebo.?’ Remdesivir has been granted
emergency approval for COVID-19 treatment. However, Remdesivir demonstrates limited efficacy in patients with
COVID-19 who have already progressed to mechanical ventilation. In a broader context of hospitalized COVID-19
patients, it exhibits a modest impact on reducing mortality rates, the necessity for ventilatory support, or both. Notably,
the clinical utility of remdesivir remains inconclusive for individuals admitted to the hospital for COVID-19 who have
exhibited symptoms for more than seven days and require supplemental oxygen. Moreover, the therapeutic regimens
involving remdesivir, Hydroxychloroquine, lopinavir, and interferon show minimal to negligible influence on the
outcomes of hospitalized COVID-19 patients; this is evidenced by their limited impact on overall mortality, the initiation
of mechanical ventilation, and the duration of hospitalization.>*

Remdesivir presents several noteworthy considerations that impact its clinical utility as an antiviral agent. First,
hepatic disposition: Originally designed for hepatitis C treatment, remdesivir’s liver-focused nature may not align well
with COVID-19’s primary site of infection, the lungs. Secondly, limited administration options: Remdesivir’s short half-
life and rapid clearance necessitate intravenous use in hospitals, limiting its applications. Buccal administration remains
a potential avenue but faces challenges. Thirdly, overemphasis on preclinical data: Relying solely on low EC50 values
from in vitro studies may not accurately reflect the drug’s clinical effectiveness. Finally, long-term safety profile: The
non-uniform distribution of remdesivir raises concerns about drug accumulation, potential toxicity, and the development
of drug resistance.®> Remdesivir functions as a substrate for the organic anion transporting polypeptides OATP1BI,
OATP1B3, and the P-glycoprotein (P-gp) transporters. It also interacts with multiple cytochrome P450 (CYP450)
enzymes, notably CYP2C8, CYP2D6, and CYP3A4, and exhibits inhibitory characteristics in vitro settings.
Importantly, there is an absence of compelling evidence showcasing CYP induction by remdesivir and its metabolites
in vivo. However, considering its mode of administration and rapid clearance from the body, the potential for remdesivir
to induce clinically significant drug-drug interactions (DDIs) appears constrained.***> Nonetheless, the necessity for
further clinical investigations and studies persists, aimed at assessing its interaction with the cytochrome P450 system
and thereby elucidating the prospective drug-drug interactions associated with remdesivir.

Limited data on children are accessible, given that the majority of clinical trials have concentrated on adults.?'*!-3¢4!
Due to well-established physiological differences between adults and children, any drug that proves effective in treating
adults might not be appropriate for pediatric use. Furthermore, there is currently a lack of information on the pediatric
pharmacokinetics of RDV exposure.*? Nevertheless, in cases of severe COVID-19 in children, RDV usage is advised, as
it stands as a novel antiviral drug demonstrating some efficacy in the clinical trials.*"** Recent reports have indicated that
young infants and children with preexisting medical conditions are at an elevated risk of experiencing severe illness and
mortality.***> COVID-19 infection has been correlated with multisystem inflammatory syndrome in children, as well as
cardiac dysfunction.***” In light of the swiftly growing body of evidence concerning the most effective antiviral therapy
for COVID-19, it is essential to note that there is still a lack of pediatric-specific data in this area. Therefore, data on the
utilization of RDV in the pediatric population is crucial, particularly due to its current prescription for critically ill
children. With this background, this retrospective cohort study aims to evaluate the efficacy and safety of RDV in
shortening the time to clinical recovery in moderate to severe pediatric cases with COVID-19. This study holds
significant importance and can positively impact understanding of the role of Remdesivir in pediatrics. Currently,
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a limited amount of data is available in the literature regarding its use in pediatric populations. Thus, this study will be
the first of its kind in Qatar and the Middle East, investigating the efficacy and safety of Remdesivir, specifically in the
pediatric population. The findings can serve as valuable guidance for clinical decision-making and make a significant
contribution to the existing knowledge on antiviral therapies for pediatric COVID-19 patients.

Methods

Study Design

This retrospective descriptive study was exclusively conducted at Hamad Medical Corporation in the State of Qatar,
focusing on data from a single institution. The study focused on pediatric patients below the age of 14 years who were
hospitalized with moderate to severe COVID-19 and required oxygen support in most of them; the study period spanned
from January 1, 2021, to January 30, 2022. A total of 60 patients were included in the study, with 38 patients receiving
treatment with Remdesivir (RDV group) and 22 patients not receiving Remdesivir treatment (control group). The study
followed the principles outlined in the “Declaration of Helsinki” and adhered to Good Clinical Practice guidelines. All
research activities followed the relevant laws and regulations the Ministry of Public Health in Qatar set. The study
protocol underwent a comprehensive review and received approval from the local Ethics Committee, specifically the
Medical Research Committee (MRC), before initiation. As the study followed a retrospective approach, a waiver of
informed consent was obtained from the research committee. Information regarding patient characteristics, treatment
modalities, and clinical outcomes was gathered using a pre-established data collection template, securely stored within
a designated, restricted-access cabinet, with sole access granted to the primary investigator (PI). Subsequently, the
information was anonymized and maintained with confidentiality by entering it into an Excel spreadsheet, utilizing serial
numbers exclusively, on a laptop solely accessible to the PI to conduct statistical analyses.

Inclusion and Exclusion Criteria

An investigative review study based on chart analysis was conducted on all hospitalized pediatric patients admitted to
HMC pediatric COVID facilities, including the general floor and the pediatric intensive care unit. The study included
patients who met the following inclusion criteria: (a) SARS-CoV-2 PCR positive (b) hospitalized pediatric patients below
the age of 14 years with confirmed COVID-19 and a moderate to severe course of the disease (new or increased
supplemental oxygen requirement); While decisions were made following an individualized risk/benefit assessment, in
certain instances, patients were admitted due to concerns related to extrapulmonary manifestations of COVID-19
infection, severe comorbidities, or radiographic findings. (¢) Normal kidney function, indicated by an estimated
glomerular filtration rate (eGFR) exceeding 30 mL/min/1.73m2; (d) Alanine aminotransferase (ALT) or aspartate
aminotransferase (AST) levels within the normal range. (AST) within the normal range and (e) No other antivirals
used for SARS-CoV-2.

Exclusion criteria include: (a) SARS-CoV-2 PCR positive cases with mild severity of illness (b) Acute or chronic
kidney diseases with an eGFR < 30 mL/min/1.73m2; and (c¢) Liver diseases with ALT > 5 times the upper limit of normal
at baseline. Following meticulous application of inclusion and exclusion criteria, a total of 60 cases were selected for the
final study.

Data Collection
For all pediatric cases, comprehensive clinical and laboratory data were retrospectively collected by reviewing the
patients’ electronic hospital medical records (Cerner).

Statistical Analysis

Descriptive statistics provide a concise summary of continuous and quantitative variables, while Categorical data were
represented as frequency counts (N) and percentages (%). All statistical analyses were performed using the Statistical
Package for the Social Sciences, version 25.0. Subgroup analysis explored the relationship between clinical and
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demographic factors and clinical outcomes. Patients with missing data for a particular variable were excluded from
calculations and analyses. A significance level of p<0.05 was considered statistically significant.

Results

Baseline Demographics and Clinical Characteristics

The demographic and clinical profiles of the patients were compared between the RDV and control groups and are
presented in (Table 1). Most patients fell within the age range of 5 to 14 years, accounting for 41.7% of the total sample.
This was followed by patients aged 1-5 years, 2 months to 1 year, and <2 months, comprising (28.3%, 16.7%, and
13.3%, respectively). The study population consisted of more males (56.7%) than females (43.3%).

Comorbidities

The most prevalent underlying medical condition among the patients was related to the Central Nervous System,
accounting for (33.3%) of the cases. Other notable conditions included cardiac (21.7%), pulmonary (13.3%), and genetic
(10.0%) conditions. The presence of oncology and immunology conditions was relatively low (1.7% each). Regarding

Table | Demographic Characteristics

Characteristics RDV Group Control P-value®
(n=38) (n=22)

Age group (years) N (%) 0.216

<2 months 4 (10.5) 4(18.2)

2 months-| year 4 (10.5) 6 (27.3)

1-5 years 13 (34.2) 4 (18.2)

5 years-14 years 17 (44.7) 8 (36.4)

Gender 0.428

Female 15 (39.5) 11 (50.0)

Male 23 (60.5) 11 (50.0)

Underlying medical conditions

Normal Il (28.9) 7 (31.8) 0.815
CNS Il (28.9) 9 (40.9) 0.344
Cardiac 7 (184) 6 (27.3) 0.423
Pulmonary 8 (21.1) 0 (0.0) 0.021
Oncology I (2.6) 0 (0.0 0.443
Immunology 1 (2.6) 0 (0.0) 0.443
Genetic 4 (10.5) 2. (9.0) 0.858
Obese 2 (5.3) 0 (0.0 0.274

Main Clinical Symptoms

URTI 36 (94.7) 20 (90.9) 0.567
CNS 3(79) 4(182) 0.232
Gl 4 (10.5) 29.1) 0.858
(Continued)
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Table | (Continued).

Characteristics RDV Group Control P-value®
(n=38) (n=22)

Respiratory Support (At Base line)

Off O, 3(7.9) 3 (13.6) 0.769

Non-invasive 29 (76.3) 16 (72.7)

Invasive 6 (15.8) 3 (13.6)

Inotropic support 0.636

No 33 (86.8) 20 (90.9)

Yes 5(13.2) 2 (9.1)

Clinical complications 0.577

Normal 33 (86.8) 19 (86.4)

CNS 3(7.9) | (4.5)

Cardiac 1 (2.6) 0 (0.0)

Death 1 (2.6) 2 (9.1)

Note: TP < 0.05.
Abbreviations: CNS, Central Nervous System; URTI, upper respiratory tract infection; Gl, gastrointestinal; RDV, Remdesivir.

the main clinical symptoms reported, most patients experienced Upper Respiratory Tract Infections (93.3%), indicating
respiratory involvement. Additional symptoms included Central Nervous System manifestations (11.7%) and
Gastrointestinal symptoms (10.0%). In terms of respiratory support, a significant proportion of patients (75.0%) received
non-invasive respiratory support, while a smaller percentage required invasive support (15.0%). A small group of
patients (10.0%) did not require respiratory support (off O2).

Many patients (88.3%) did not necessitate inotropic support, indicating stable cardiac function. However, a minority
of cases (11.7%) required inotropic support, signifying compromised cardiac function. Furthermore, the majority of
patients (86.7%) did not encounter any reported clinical complications. Nonetheless, a small proportion of cases were
associated with Central Nervous System complications (6.7%), while an even smaller percentage exhibited cardiac
complications (1.7%). Within the patient cohort, a total of three deaths occurred, accounting for (5.0%) of the cases. It is
important to note that one case in the RDV group resulted in a non-RDV-related death, and all three deaths had distinct
clinical diagnoses. The first patient had lobar holoprosencephaly, global developmental delay (GDD), seizure disorder,
acute respiratory distress syndrome (ARDS), and multiorgan failure. The second patient had ARDS and pulmonary
hemorrhage. The third patient had cardiomyopathy with poor cardiac function. The RDV and control groups did not
exhibit a significant difference in terms of the duration of hospital stay and weaning from oxygen treatment (Table 2).

Table 2 Comparison of Hospital Stay and Oxygen Support Duration in RDV and Control

Groups
RDV Group (n=38) | Control (n=22) | P-valuel
Duration of hospital stay (days), mean * SD 12.7+13.3 8.7+£5.7 0.202
PICU LOS, mean + SD 7.7£9.0 4.1x6.6 0.118
Duration of O2 therapy, mean * SD 5.8+4.0 4.2+4.7 0.187

Note: P < 0.05.
Abbreviations: SD, standard deviation; PICU, Pediatric Intensive Care Unit; LOS, length of stay; O2, Oxygen; RDV,
Remdesivir.
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In adherence to local and international protocols, Dexamethasone, a corticosteroid known for its anti-inflammatory
properties, was administered to the majority of COVID pneumonia cases, with (81.6%) of patients receiving this therapy
in the current study. Additionally, as part of their primary treatment, (34.2%) of patients were prescribed Enoxaparin,
while (21.1%) received Ceftriaxone, an antibiotic. Less frequently used therapies encompassed Anakinra, IVIG,
Tocilizumab, Methylprednisolone, and Azithromycin, with frequencies ranging from (2.6% to 10.5%.) Anakinra,
Tocilizumab, and Methylprednisolone are immunosuppressive or anti-inflammatory drugs that may be employed in
specific cases to manage severe immune responses. [VIG is a treatment that provides antibodies to enhance the immune
system. Azithromycin, an antibiotic, may have been prescribed to address atypical bacterial infections (Table 3). The
clinical characteristics of the study population are summarized in (Table 4). There were no significant differences in
clinical characteristics between the RDV and control groups, p>0.05.

Among the 38 patients in the RDV group included in this study as presented in (Table 5), The Data concerning
adverse effects related to the administration of Remdesivir were documented. Hypoalbuminemia was the most common

Table 3 Other Medication During the COVID-19 Course

Medication RDV Group Control
N (%)
Dexamethasone 31 (81.6) 15 (68.2)
Enoxaparin 13 (34.2) 2.(9.1)
Ceftriaxone 8 (21.1) | (4.5)
Anakinra 4 (10.5) 0 (0.0)
IVIG 4 (10.5) 0 (0.0
Tocilizumab 0 (0.0) I (4.5)
Methylprednisolone 1 (2.6) 0 (0.0)
Azithromycin 1 (2.6) 0 (0.0)

Abbreviations: IVIG, Intravenous immunoglobulin; RDV, Remdesivir.

Table 4 Comparison of Clinical Characteristics by RDV and Control Groups

RDV Group Control P-value®
Mean = SD
WABCs 8.2+4.5 10.14£5.8 0.205
Hgb 11.6£1.9 11.9£1.3 0.461
Neutrophils 5.6+4.0 6.0£3.2 0.710
Lymphocytes 2.5+23 35437 0.231
D-dimer 1.5%1.6 1.9+2.6 0.674
IL-6 50.2+52.3 21.0x21.2 0.462
ALT 32.4+23.8 32.4+28.5 0.991
AST 54.5+41.2 73.0x116.4 0.405
Alb 35.4+4.7 37.5£5.5 0.161

Note: TP < 0.05.

Abbreviations: SD, standard deviation; WBCs, White Blood Cells; Hgb, Hemoglobin; IL-6, Interleukin-

6; ALT, Alanine Transaminase; AST, Aspartate aminotransferase; Alb, Albumin; RDV, Remdesivir.
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Table 5 Adverse Effects Related to the Remdesivir

Adverse Effect No Yes
n (%)

Hypoalbuminemia 19 (50.0) 19 (50.0)
Anemia 20 (52.6) 18 (47.4)
High ALT 25 (65.8) 13 (34.2)
Hypokalemia 29 (76.3) 9 (23.7)
High AST 30 (78.9) 8 (21.1)
Thrombocytopenia 30 (78.9) 8 (21.1)
High PT 30 (78.9) 8 (21.1)
Vomiting 35 (92.1) 3(7.9)

Abbreviations: ALT, Alanine Transaminase; AST, Aspartate aminotransferase; PT,
prothrombin time.

adverse effect, observed in 19 cases (50%), followed by Anemia in 18 cases (47.4%), High ALT in 13 cases (34.2%),
Hypokalemia in 9 cases (23.7%), and Thrombocytopenia, elevated AST, and PT in 8 cases each (21.1%). Additionally,
Vomiting was reported in only 3 cases (7.9%).

Discussion

This retrospective cohort study involving pediatric population under the age of 14 years provides evidence regarding the
efficacy and safety profile of Remdesivir, along with other drugs, in hospitalized patients with moderate to severe
COVID-19 and those who required oxygen support. In comparison to other drugs, the treatment with RDV was well
tolerated. Out of the 38 patients treated with RDV, one case succumbed to the illness as it progressed. A more extensive
case series involving children diagnosed with COVID-19 in the USA and Europe during the early phase of the outbreak
revealed that younger age and pre-existing medical conditions were associated with worse clinical outcomes and similar
patients aged 1-5 years (28.3%), 2 months to 1 year (16.7%) and <2 months (13.3%), 5 to 14 (41.7%) were observed in
our cohort.*'***® The study population consisted of more males (56.7%) than females (43.3%).

Moreover, RDV patients exhibited a lower rate of hospitalization. In the initial stages of illness, when the virus
actively multiplies in the host’s tissue, Remdesivir has demonstrated promising potential as a treatment option.**
Nevertheless, in our cohort, patients received RDV treatment courses within 5 to 10 after the onset of symptoms, as
noted in the study.' For children with a positive SARS-CoV-2 PCR test conducted within the previous 3—4 days, the
current recommendations suggest intravenous administration of RDV for a duration of 3—5 days.”® In our study, we
adhered to these existing indications for using RDV in our study population.

In this study, 5 (13.2%) patients receiving RDV required inotropic support, and these findings were like the study by
Goldman et al.*’ It is important to highlight that (86.8%) of the patients receiving RDV did not experience any
complications.

In this study, children undergoing RDV treatment encountered temporary adverse effects during the treatment course,
which subsequently normalized upon discharge. These effects included hypoalbuminemia, anemia, thrombocytopenia,
hypokalemia, Elevated levels of transaminases in the bloodstream (liver enzymes), high prothrombin time (PT), and
vomiting. Notably, our findings align with previous reports on this subject.’>>' These results imply that RDV may have
a potential beneficial effect in mitigating complications and specific laboratory abnormalities when administered to
pediatric patients with COVID-19.

According to our data, treatment with RDV may have played a role in preventing the progression to more severe
respiratory disease, evident from the lower proportion of serious adverse events related to respiratory failure and
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a reduced incidence of new oxygen requirements, additionally, a lower proportion of children required higher levels of
respiratory support during the study. Our findings align with the research conducted by Beigel et al, where RDV was
superior with evidence of lower respiratory infection compared to placebo.”’ Clinical trials and research efforts have
primarily concentrated on adult care during the current pandemic.?'** However, pediatricians must ensure optimal care
for particularly vulnerable children, even in challenging circumstances. Unfortunately, there is a need for more data
regarding the efficacy, safety, tolerability, and pharmacokinetics of Remdesivir in the pediatric population under 12 years
old.*" Nevertheless, in patients where COVID-19 is severe, RDV should be considered for this specific population.** The
availability of randomized controlled trials (RCTs) concerning pediatric patients for COVID-19 treatments is limited due
to ethical concerns about severe presentations in children. Evaluating the risks and benefits carefully is crucial for this
vulnerable population. Despite challenges, it is crucial to carefully evaluate the risks and benefits of treatment options for
vulnerable pediatric populations. Tailored evidence is necessary to minimize morbidity and mortality and ensure the
optimal care of children with COVID-19. The strengths of this retrospective study lie in its ability to provide valuable
insights into the efficacy and safety of Remdesivir in children with COVID-19, along with comprehensive data collection
encompassing demographic information, clinical findings, and laboratory investigations. However, the study’s limitations
include the small sample size of the RDV-treated cohort, limiting generalizability, and the absence of a randomized
control group, which further restricts the establishment of causal relationships, the study’s reliance on data from a single
institution, and the retrospective design. Continued research efforts are needed to provide more robust evidence for
effective and safe treatments in this specific population.

Conclusion

In conclusion, our findings of this study provide evidence that Remdesivir treatment is well tolerated in children below
the age of 14 years. The data suggest that RDV may be a viable treatment option for pediatric population with COVID-19
infection.

Data Sharing Statement
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