Clinical and Therapeutic Approach to Hospitalized
COVID-19 Patients: A Pediatric Cohort in Portugal
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ABSTRACT
Introduction: Coronavirus disease 2019, or COVID-19, in children is usually a mild disease, but severe illness has been reported. Cur-
rently, the therapy benefits of antiviral experimental drugs are still uncertain. The main aim of this study is to describe the experience
of a level lll hospital regarding therapeutic management of hospitalized children with COVID-19 and to characterize clinical features
and evolution.
Material and Methods: This is a descriptive study of patients with COVID-19 in a level |l pediatric hospital in Portugal between March
and June 2020. Experimental drugs were administered according to the best scientific evidence at the time as ‘off-label use’.
Results: Among 200 children with SARS-CoV-2 infection, 37 were admitted due to COVID-19. Median age was one year (23 days -
18 years), 43% had comorbidities and 20/37 (54%) received antiviral therapy. Hydroxychloroquine was administered in 13 patients,
in monotherapy or combined with lopinavir/ritonavir or azithromycin. Lopinavir/ritonavir was administered in eight patients and three
children were treated with remdesivir. The patients who were treated had pneumonia (14), multisystem inflammatory syndrome in
children (2), sepsis (2), myocarditis (1), acute respiratory distress syndrome (1), and mild illness with comorbidities (3). Other therapies
included methylprednisolone and immunoglobulin (3), enoxaparin (2), antibiotics (16), oxygen (7), corticosteroids, and other inhaled
therapy (16).
Discussion: Several treatment approaches have been proposed for severe COVID-19, even though none of them had been proven
effective or approved for small children. Currently, remdesivir is approved for children aged above 12 years-old. Although 54% of our
patients were treated with antivirals, it is important to understand that the favorable clinical evolution could be related with the natural
course of the disease.
Conclusion: A significant proportion of our population presented severe and critical disease, was hospitalized and received treatment
according to the most recent data, although most patients had mild disease. COVID-19 treatment in children is a clinical challenge and
clinical trials are urgently needed.
Keywords: Antiviral Agents/therapeutic use; Child; COVID-19; Portugal; SARS-CoV-2

RESUMO
Introdugao: A infegcdo SARS-CoV-2 em idade pediatrica cursa maioritariamente com doenca ligeira. No entanto, pode ocorrer doenga
grave, ainda que com menor frequéncia. Atualmente, os beneficios das terapéuticas antivirais experimentais ainda séo incertos. O
objetivo deste estudo consiste em descrever a experiéncia de um hospital terciario no tratamento de criangas internadas por COVID-19
e caracterizar a clinica e evolugao.
Material e Métodos: Estudo descritivo em doentes até aos 18 anos de idade, internados com COVID-19 num hospital pediatrico de
nivel Il em Portugal, de margo a junho de 2020. Os farmacos antivirais foram administrados em regime de off-label.
Resultados: Identificaram-se 200 casos de infe¢do SARS-CoV-2, dos quais 37 foram internados com COVID-19. A idade mediana foi
de um ano (23 dias - 18 anos), 43% apresentavam comorbilidades e 20/37 (54%) receberam terapéutica antiviral. A hidroxicloroquina
foi administrada em 13 doentes em monoterapia ou associada a lopinavir/ritonavir ou azitromicina. O lopinavir/ritonavir foi utilizado
em oito doentes e trés doentes receberam remdesivir. O tratamento antiviral foi aplicado a doentes com pneumonia (14), sépsis (2),
sindrome inflamatério multisistémico pediatrico (2), sindrome dificuldade respiratéria aguda (1), miocardite (1) e criangas com doencga
ligeira e comorbilidades (3). Realizaram-se também outras terapéuticas que incluiram metilprednisolona e imunoglobulina (3), enoxa-
parina (2), antibidticos (16), oxigenoterapia (7) e broncodilatadores e corticoides inalados (16).
Discussao: Diversas abordagens terapéuticas tém sido sugeridas para casos graves de COVID-19, embora nenhuma seja até a data
considerada eficaz, ou esteja aprovada em criangas pequenas. Atualmente, o remdesivir esta aprovado para idades superiores a 12
anos. Apesar de 54% dos nossos doentes terem sido tratados com antivirais, é importante compreender que a evolugao favoravel
podera ter estado associada a evolugao natural da doenca.
Conclusao: Uma percentagem significativa da populagéo apresentou doenga grave a critica, com necessidade de internamento e tra-
tamento, este ultimo definido com base nas recomendagdes da comunidade cientifica a data, embora a maioria apresentasse doenca
ligeira. O tratamento da COVID-19 em idade pediatrica € um desafio, sendo urgente realizar ensaios clinicos relativos a esta matéria.
Palavras-chave: Antivirais/uso terapéutico; COVID-19; Crianga; Portugal; SARS-CoV-2

INTRODUCTION

In December 2019, a novel coronavirus was found to  the 3 January, 2020.% It was named severe acute respira-
be responsible for a new outbreak of pneumonia in the city  tory syndrome coronavirus 2, SARS-CoV-2, as it showed
of Wuhan, China." The new coronavirus was identified on a 79.5% genome similarity with SARS-CoV,® which is
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responsible for coronavirus disease-2019, COVID-19.!

A pandemic was declared on the 11" March, 2020* and
the first COVID-19 case in Portugal was confirmed on the
2n March.® Until 23" of February, 2021, 111 419 939 cases
have been diagnosed worldwide, with 2 470 772 deaths.®
At the same time, in Portugal, 14.82% of COVID-19 cases
were diagnosed in children.®

COVID-19 usually presents as a mild illness in chil-
dren.”® Although less frequently, children can present se-
vere illness, requiring hospitalization,®® and a novel multi-
system inflammatory syndrome in children (MIS-C) was
observed with severe cases overlapping toxic shock syn-
drome and atypical Kawasaki disease.'*"

Treatments previously used in SARS-CoV, MERS-CoV,
and Ebola virus were initially considered for COVID-19'? and
at least two hundred drugs are being researched.® Different
treatment approaches are being adopted by each country,™
and even the World Health Organization (WHO) recom-
mendations primarily focus on supportive management.'3'°
At the moment, in Portugal, remdesivir is the only antivi-
ral approved for adults and children aged 12 and above,®
as it has been shown to reduce time recovering from
COVID-19 low respiratory tract infection in adults." In addi-
tion, methylprednisolone (MPDN), dexamethasone, and im-
munoglobulin (NHIG) are being used as immunomodulatory
treatments.'*1®

Most clinical trials primarily focus on adult cohorts and
the evidence in pediatrics is still limited.'® No studies on the
therapeutic management of hospitalized COVID-19 pediat-
ric patients, in Portugal, have been published yet. There-
fore, the main goal of this study is to describe the experi-
ence in a level Il pediatric Portuguese referral hospital on
the therapeutic management of hospitalized pediatric pa-
tients with COVID-19 and also to characterize clinical fea-
tures and evolution.

MATERIAL AND METHODS
Study population

A descriptive study of children and adolescents aged
18 and under, with SARS-CoV-2 infection, hospitalized in a
level 1l pediatric referral hospital, from the 7" March, 2020
to the 14* June, 2020.

Table 1 — Clinical respiratory syndromes associated with COVID-19

Data collection

Hospital clinical records were used for the data col-
lection of each patient. Demographic, clinical, and epide-
miological data, including age, sex, confirmed exposure to
SARS-CoV-2 infection, symptoms in admission, previous
comorbidities, COVID-19 diagnosis, presence of coinfec-
tions, laboratory findings, and complete therapeutic ap-
proach (antivirals and other therapies) was collected. Ad-
verse drug reactions of medications and post-discharged
sequelae were also collected.

Study definitions

SARS-CoV-2 infection was diagnosed by real-time re-
verse transcription polymerase chain reaction (RT-PCR) in
samples of nasopharyngeal and throat swabs and/or aspi-
ration of nasopharyngeal secretions. MIS-C was also con-
sidered when antibodies to SARS-CoV-2 were detected.
Children with mild illness that were admitted due to the ini-
tial epidemic contention phase, social motives, and asymp-
tomatic children with SARS-CoV-2 infection admitted due to
other clinical reasons were excluded. Patients were classi-
fied into mild, moderate, severe, and critical cases accord-
ing to the World Health Organization (WHO) criteria (Table
1).15

Treatment

The treatment approach was decided according to the
best scientific evidence available during the study period.
Hydroxychloroquine (HCQ) was administered under a car-
diotoxicity monitoring protocol through regular electrocardi-
ograms and clinical surveillance. The loading dose was 6.5
mg/kg/dose, twice a day (bid) on the first day, followed by
6.5 mg/kg/day, bid on the next four days (maximum dose of
400 mg/day). Lopinavir/ritonavir (LPV/r) was administered
for seven to 14 days, bid, in children treated in the first 96
hours after disease onset. Doses were given according to
the children’s weight: 16/4 mg/kg/dose (< 7 kg); 12/3 mg/kg/
dose (7 - 15 kg); 10/2.5 mg/kg/dose (15 - 40 kg); 400/100
mg/dose (> 40 kg). Remdesivir was delivered during five to
10 days, 5 mg/kg (max. 200 mg) on the first day of treat-
ment and 2.5 mg/kg (max. 100 mg) on the following days.
Azithromycin was administered for five days, once a day, 10
mg/kg/day (max. 500 mg/day). All antiviral therapies were
administered after informed consent signed by the parents

Asymptomatic

Mild illness

Without any symptoms, confirmed by laboratory tests

Respiratory infection of the upper tract: Fever, cough, fatigue, anorexia, myalgia, sore throat, rhinorrhea,

headache. Rarely with nausea, vomiting and diarrhea.

Moderate case

Pneumonia with non-severe signs of respiratory distress (tachypnoea < 2 months: 2 60 cpm; 2 — 11 months:

250 cpm; 1 -5 years: 2 40 cpm, > 5 years: > 30 cpm, moderate recession), SpO, 2 93%

Severe case

Pneumonia with severe signs of respiratory distress (Central cyanosis or SpO, < 93%, severe tachypnoea

(< 12 months: > 70 cpm; > 12 months: > 50 cpm), chest retractions, grunting, nasal flaring), severe anorexia,
lethargy/decreased level of consciousness, convulsions

Critical case

Acute respiratory distress syndrome (ARDS), sepsis, septic shock

Clinical respiratory syndromes associated with COVID-19 according to World Health Organization (WHO).
ARDS: acute respiratory distress syndrome; cpm: cycles per minute; SpO,: peripheral capillary oxygen saturation
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or caretakers and the approval by the pharmacy committee
at our hospital. MPDN was given as 2 mg/kg/day for five
days followed by steroid tapering and NHIG was adminis-
tered intravenously for two days, 1 g/kg/day.

Statistical analysis

The data was mostly presented as categorical variables
except for age. Also, age does not follow a normal distribu-
tion.

Chi-square and Fischer’s exact probability test were
used to study associations between categorical variables.
The Chi-square test was used to analyze the statistical sig-
nificance between the presence of coinfections or comor-
bidities and treatment. It was also used to study the sta-
tistical significance between the presence of anemia, lym-
phopenia, elevated C-reactive protein, fibrinogen, D-dimer,
ferritin or troponin and treatment. Finally, the Fischer’s ex-
act probability test was used to study statistical significance
between elevated procalcitonin, lactate dehydrogenase or
brain natriuretic peptide and treatment. P-values of < 0.05
were considered statistically significant. All the analyses
were carried out using SPSS 26°.

RESULTS

A total of 200 cases of SARS-CoV-2 infection were fol-
lowed in this period. Among these, 80 were hospitalized, but
only 37 of them were admitted due to COVID-19.

Twenty-one (57%) were female, the median age was
one year old (range 23 days — 18 years), with 13 (35%)
over 10 years old, 12 (32%) between one to 12 months and
three (8%) were newborns. Sixteen (43%) patients had pre-
existing medical conditions. The most frequent symptoms
were cough (26; 70%), fever (24; 65%), and respiratory dis-
tress (20; 54%) (Table 2).

Patients with COVID-19 were admitted due to pneumo-
nia (14; 38%), sepsis (2; 5%), MIS-C (2; 5%), myocarditis
without MIS-C criteria (1; 3%), acute respiratory distress
syndrome (ARDS) (1; 3%), mild illness (10; 27%), or mild
illness with severe comorbidities (7; 19%). Four children
(11%) were admitted to the intensive care unit (ICU): a
2-month-old girl with bronchopulmonary dysplasia and
chronic renal disease with pneumonia; a 10-year-old girl
with dilated cardiomyopathy and myocarditis; a 13-year-old
boy with MIS-C with multi-organ dysfunction and a 4-month-
old boy with lymphangioleiomyomatosis with ARDS and
cardiac dysfunction (Table 2).

Table 2 — Demographic, epidemiological, clinical characteristics of 37 COVID-19 hospitalized children

Demography n (%) Symptoms n (%) Children with comorbidities n (%)
Sex Cough 26 (70%)  Total of children with comorbidities 16 (43%)
Female 21 (57%) Fever 24 (65%)  Asthma 3 (8%)
Male 16 (43%) Respiratory distress 20 (54%)  Congenital heart disease ? 3 (8%)

Vomiting 15(41%)  Chromosomal abnormalities ® 2 (5%)

Age Anorexia 14 (38%)  Chronic kidney disease 2 (5%)

Newborn (< 28 days) 3 (8%) Rhinorrhea 13 (85%)  JIA under immunosuppression 2 (5%)

1—-12 months 12 (32%) Fatigue 10 (27%)  Short bowel syndrome 1 (3%)

1-5years 5(14%) Diarrhea 8 (22%) Sickle cell anemia 1 (3%)

5-10 years 4 (11%)  Skin lesions 7 (19%) Bronchopulmonary dysplasia 1 (3%)

=10 years 13 (35%) Sore throat 6 (16%) Lymphangioleiomyomatosis (LAM) 1 (3%)

Minimum age 23 days Myalgia 5 (14%) None 21 (57%)

Maximum age 18 years  Chest pain 4 (11%)

Median age 1 year Anosmia 3(8%) Patients with comorbidities treated

IQR [0,56; 10] Headache 3(8%)  p-value (95% Cl) © 11/16 (69%)
Bilateral conjunctivitis 2 (5%) p=0.117
Convulsion 1(3%)

Exposure COVID-19 n (%) COVID-19 diagnoses in admission n (%)
Confirmed 21 (57%) Mild illness 10 (27%)
Unknown 16 (43%) Mild illness with comorbidities 7 (19%)

Pneumonia 14 (38%)
Sepsis 2 (5%)
MIS-C + Myocarditis 2 (5%)
ARDS 1(3%)
Myocarditis 1 (3%)

ARDS: acute respiratory distress syndrome; Cl: confidence interval; Immunosup: immunosuppressive therapy; IQR: interquartile range; JIA: juvenile idiopathic arthritis; MIS-C: multi-

system inflammatory syndrome in children; LAM: lymphangioleiomyomatosis.

@ Ostium secundum interatrial communication; dilated cardiomyopathy, perimembranous interventricular communication; ® Trisomy 18; 15 q microdeletion syndrome; ¢ Chi-square test
was used to calculate statistical significance between the presence of comorbidities and treatment which was not found.
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Table 3 — Coinfection and laboratory workup of 37 COVID-19 hospitalized children

Patients with coinfections n (%) Laboratory findings**
Total of patients with coinfections 13 (35%) Total number Treated with
N 2 - . Non-treated p-value
Rhinovirus 5(14%) Parameter of patients antivirals o o =
n (%) n (%) n (%) (95% Cl)
Adenovirus 3 (8%) ° °
Mycoplasma pneumoniae 1 (3%) Hemoglobin < 11.0 g/L 24/37 (64%) 14/20 (70%) 10/17 (59%) p =0.447
Enterovirus 1(3%) Lymphocytes <2.7 x10%L 17/37 (46%)  9/20 (45%)  8/17 (47%) p=0.431
o, 0, [} =
I 2 (5%) CRP > §.o mg/L 24/37 (64%)  15/20 (75%) 9/17 (53%) p =0.699
o ) . Procalcitonin > 0.5 ng/mL  7/37 (19%)  7/20 (35%)  0/17 (0%) p=0.680
FlrEire e s e e 2(5%) L6 > 6 pg/imL 6/8 (16%)  6/8 (75%)  0/0 (0%)
Influenza B 1(2%)  Fibrinogen > 1.70 g/L 23/37 (62%) 13/20 (65%) 10/17 (59%) p = 0.699
Metapneumovirus 1 (3%) D-dimer > 230 ug/L 29/37 (78%) 16/20 (80%) 13/17 (76%) p=0.763
Respiratory syncytial virus 1(3%) Ferritin > 100 ng/mL 18/37 (49%)  8/20 (40%) 10/17 (59%) p=0.134

Troponin—1>1.9
LDH > 300 U/L
None 24 (65%) BNP > 100 pg/mL

Patients with more than one agent 4 (11%)

Patients with coinfections treated 7/13 (54%)
p value (95% Cl) @ (p = 0.985)

11/20 (55%)  3/17 (18%) p = 0.330
18/20 (90%) 14/17 (82%) p = 1.000
8/10 (80%)  0/2(0%)  p=0.005

pg/mL  14/37 (38%)
32/37 (86%)
8/12 (67%)

BNP: brain natriuretic peptide; Cl: confidence interval; CRP: C- reactive protein; LDH: lactate dehydrogenase; IL6: interleukin-6.

2Chi-square test was used to calculate statistical significance between the presence of coinfections and treatment which was not found. ® Statistical significance between the presence
of anemia, lymphopenia, elevated CRP, fibrinogen, D-dimer, ferritin or troponin and treatment was calculated by the Chi-square test. Statistical significance between elevated procalci-
tonin, LDH or BNP and treatment was calculated by Fischer’s exact probability test. Elevated BNP was the only laboratory parameter that showed a statistically significant association
with treatment. ** Most laboratory workup was analyzed from the whole population (n = 37, among which 20 were treated and 17 non-treated), except BNP, which was only analyzed in
12 patients - 10 treated and two non-treated -, and IL-6, requested in eight children, all of them treated. ***As we do not present information about IL-6 for non-treated patients, it was

not possible to analyse a statistic association between treatment and variation of IL-6.

Coinfections were detected by polymerase chain reac-
tion (PCR) and reported in 13 (35%) children: rhinovirus
(5; 14%), adenovirus (3; 8%), Mycoplasma pneumoniae
(1; 3%), Pneumocystis jiiroveci (2; 5%), and influenza B (1;
3%). Four (11%) patients presented coinfection with more
than one agent (Table 3).

Laboratory workup showed anemia (24; 65%), elevat-
ed lactate dehydrogenase (LDH) (32; 86%), D-dimer (29;
78%), and C-reactive protein (CRP) (24; 65%). (Table 3).

Antiviral therapy was proposed for 20 (59%) patients,
including mild disease with comorbidities (3), and moder-
ate (5), severe (6), or critical (6) disease. No statistically
significant association was found between the presence of
comorbidities (p = 0.117) or coinfections (p = 0.985) and
treatment. (Tables 2 and 3). Also, statistical significance
was studied between each laboratory parameter and treat-
ment (Table 3), but it was only significant between elevated
brain natriuretic peptide (BNP) and treatment (p = 0.005).

Hydroxychloroquine (HCQ) was administered in 13
(35%) patients, in monotherapy (8; 22%) or combined with
lopinavir/ritonavir (LPV/r) (4; 11%) or with azithromycin (1;
3%) when Mycoplasma pneumoniae coinfection was pre-
sent. LPV/r was administered in 8 (22%) patients (five in
monotherapy) and three (8%) were treated with remdesivir
(Table 4).

Children admitted due to mild illness without risk factors
(10; 27%) did not receive therapy. In mild disease with pre-
existing medical conditions (7; 19%), therapy was decided
on a case-by-case basis.

Focusing on moderate cases of pneumonia (7; 19%),
two patients (5%) did not receive antiviral treatment due to

favorable clinical evolution. The other cases of pneumonia
(5; 14%) were treated with HCQ (1; 3%), LPVIr (2; 5%),
and HCQ combined with LPV/r (2; 5%) (Table 5). Cases
of hypoxemic pneumonia with severe signs of respiratory
distress (6; 16%) were treated with HCQ (3; 8%), and HCQ
combined with LPV/r (2; 5%) or azithromycin (1; 3%) when
coinfection with Mycoplasma pneumoniae was present.
Critical cases (7; 19%) included sepsis in a patient with less
than three months of age treated with LPV/r (2; 5%); MIS-C

Table 4 — Therapies administered in 37 COVID-19 hospitalized
children

Antiviral therapy n (%)
HCQ 8 (22%)
LPV/r 4 (11%)
HCQ + LPV/r 4 (11%)
HCQ + azithromycin 1 (3%)
Remdesivir 3 (8%)

Total number of children with antiviral therapy 20 (54%)

No antiviral therapy 17 (46%)

Immunomodulatory therapy n (%)
Methylprednisolone (MPDN) 3 (8%)
Immunoglobulin (NHIG) 3 (8%)

Other therapies n (%)
Antibiotics 16 (43%)
Enoxaparin 2 (5%)
Oseltamivir 1(3%)
Oxygen 7 (19%)
Inhaled bronchodilators 16 (43%)
Inhaled corticosteroids 16 (43%)
Invasive mechanical ventilation 3 (8%)
Inotropic support 3 (8%)
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Table 5 — Therapeutic management according to clinical syndrome in 37 COVID-19 hospitalized children

Clinical syndrome (WHO) n (%) COVID-19 diagnoses n (%) Treatment approach n (%)
Mild illness + No risk factor 10 (27%) Mild illness 10 (27%) No AVT 10 (27%)
Mild illness + Comorbidities 7 (19%) Comorbidities 7(19%) HCQ 3 (8%)
No AVT 4 (11%)
Moderate case 7 (19%) Pneumonia 7(19%) HCQ 1 (3%)
LPVIr 2 (5%)
HCQ + LPVIr 2 (5%)
No AVT 2 (5%)
Severe case 6 (16%) Pneumonia 6 (16%) HCQ 3 (8%)
HCQ + LPV/r 2 (5%)
HCQ + azithromycin 1 (3%)
Critical case 7 (19%) Sepsis ® 2 (5%) LPVIr 2 (5%)
Pneumonia ® 1(3%) NoAVT 1 (3%)
Myocarditis © 1(3%) Remdesivir 1 (3%)
MIS-C with multi-organ dysfunction® 1 (3%) HCQ + MPDN + NHIG 1 (3%)
MIS-C with myocarditis 1(3%) Remdesivir + MPD + NHIG 1 (3%)
ARDS * 1(3%) Remdesivir + MPD + NHIG 1(3%)

2Two patients aged under three months of age with viral sepsis upon admission;® Four patients admitted in the ICU; ARDS: acute respiratory distress syndrome; HCQ: hydroxychlo-
roquine; IMV: invasive mechanical ventilation; LPV/r: lopinavir/ritonavir; MPDN: methylprednisolone; MIS-C: multisystem inflammatory syndrome in children; NHIG: normal human

immunoglobulin; No AVT: no antiviral treatment

with multi-organ dysfunction treated with HCQ (1; 3%) and
three patients treated with remdesivir: the child with dilated
cardiomyopathy and myocarditis (1; 3%); MIS-C with myo-
carditis (1; 3%); and ARDS (1; 3%). One critical patient with
pneumonia did not receive treatment according to the clini-
cal evolution.

Clinical or laboratory improvement was observed usu-
ally 24 to 72 hours after the beginning of antiviral therapy.

NHIG associated with MPDN was used in children with
MIS-C (2; 5%) and ARDS (1; 3%) with a favorable evolu-
tion after 24 to 48 hours of treatment. Antibiotics were used
in 16 (43%) patients due to suspected respiratory bacte-
rial infection, including ceftriaxone, amoxicillin with clavula-
nate, cefuroxime, and clindamycin. Infants less than three
months old were treated with ampicillin, cefotaxime, and
gentamycin. MIS-C patients were initially treated with van-
comycin, ceftriaxone, and clindamycin. Two patients with
Pneumocystis jiiroveci coinfection received cotrimoxazole.
Oseltamivir was used in a patient with influenza B coinfec-
tion (Table 4).

Oxygen therapy was required in seven (19%) patients
during a median of five days and other three (8%) required
invasive mechanical ventilation (IMV) for a median of eight
days. Inhaled therapy with bronchodilators and corticoster-
oids was used in 16 (43%) patients. Prophylactic enoxapa-
rin was administered in two adolescents: one with sickle-cell
disease and severe COVID-19 pneumonia and the other
with MIS-C with multi-organ dysfunction. Inotropic support
was needed in patients with myocarditis (1; 3%), MIS-C (1;
3%) and ARDS (1; 3%).

Adverse drug reactions were seen in three patients who
received LPV/r with nausea and vomiting, but with no need
to discontinue therapy. Among the 13 patients who received
HCQ, regular electrocardiograms were undertaken and only
two had to discontinue HCQ temporarily (24 hours) due to

prolonged QT interval (QTc) > 500 msec.

At the three-month follow-up, three children reported
sequelae: An infant with bronchopulmonary dysplasia who
had increased need of long-term oxygen therapy; an ado-
lescent with MIS-C and multi-organ dysfunction had sig-
nificant weight loss, muscular atrophy and myocardial scar
tissue detected by cardiac magnetic resonance; And the
child with dilated cardiomyopathy and myocarditis had an
unfavorable evolution due to worsening cardiac function re-
quiring heart transplantation.

DISCUSSION

Studies from the US or China have demonstrated that
children are overall less affected by COVID-19 and usu-
ally present with mild illness without the need for hospital
care.™ This tendency was also seen in our data, as 90%
presented mild disease. Our data may overestimate seri-
ous presentations in children, as our hospital was the first
tertiary pediatric hospital in Portugal receiving COVID-19
hospitalized patients from other regions of the country.

Currently, the main reason for starting an antiviral treat-
ment is severe or critical iliness, according to international
guidelines, although differences between local guidelines
and variation along the pandemic were noted.'*'> Our ini-
tial approach was remarkably more invasive, in accordance
with the first Chinese pediatric cohort that proposed infants
as more prone to severe illness.?

Pre-existing medical conditions were initially proposed
as likely major risk factors influencing and worsening pa-
tients’ prognosis, especially in adults.?? Children with obe-
sity, severe genetic, neurologic, respiratory and metabolic
disorders, congenital heart disease, diabetes, asthma, and
secondary immunosuppression were considered at risk for
severe COVID-19.22 However, according to the Centers for
Disease Control and Prevention (CDC), there is limited data
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about the impact of underlying medical conditions and the
increased severity of COVID-19.22 In the initial phase of our
study, patients with comorbidities were treated even if the
symptoms were mild. Throughout the last four months, as
clinical experience was gained, we changed our treatment
approach and started to put more emphasis on severe dis-
ease instead of previous risk factors, except in cases of se-
vere comorbidities, such as complex congenital cardiopa-
thies.

Looking at our population, three out of four ICU admit-
ted patients had comorbidities, warning us that prior clinical
conditions might still predispose patients to severe presen-
tations. In addition, Gotzinger F et al has seen an associa-
tion between comorbidities and ICU admissions.®

Coinfections have been proposed as a co-factor for
treatment and prognosis as they have been associated
with severe cases.?® In our study, it is important to under-
stand that clinical severity could have been associated with
co-infecting microorganisms and not necessarily due to
COVID-19. Therefore, it is crucial to understand the impact
of co-infection in disease progression and severity and,
consecutively, in the treatment approach.

In the literature, the laboratory parameters have been
related with a worse prognosis,?* including lymphopenia,
elevated CRP, LDH, D-dimers, fibrinogen, ferritin, procalci-
tonin, interleukin-6 (IL-6), BNP. As such, in our study, the
children proposed for antiviral treatment had most of these
parameters altered, which might be associated to disease
severity. Moreover, elevated BNP presented a statistically
significant association with treatment (Table 3).

Chest CT-scan abnormalities present a large variability
as they have been seen even in asymptomatic patients and
can overlap with other viral infections.? Therefore, radiolog-
ical findings of pneumonia can help stratifying risk and dis-
ease progression, but the treatment decision must be done
according to both clinical severity and imaging findings.?

HCQ was the most frequently used antiviral especially
during the first two months of the pandemic in Portugal
(March and April), just like in other institutions in Europe,®
according to the available experience.’® However, the cur-
rent findings are controversial. The efficacy of HCQ was not
proven and the benefits in vivo are still not known.?® Our
experience with HCQ included patients with mild iliness and
comorbidities, moderate and severe cases, and one critical
patient, all leading to a full recovery. Clinical trials in pedi-
atrics might have had different results as infections were
less complicated compared to adults, demystifying the pos-
sibility of different treatment responses between adults and
children.

Eight patients received LPV/r, all with favorable clini-
cal prognosis. LPV/r was, initially, an alternative treat-
ment for COVID-19 as it showed differences in mortality
in SARS-CoV infection and in vitro activity against
MERS-CoV." However, until now, and despite the promis-
ing evolution of our patients when administered during the
first 96 hours of disease, little evidence of its benefits in vivo
has been found.?”

The WHO discontinued HCQ and LPV/r treatment as
arms for COVID-19% converting remdesivir to our current,
main antiviral weapon against this disease. Wang Y et al'”
and Beigel J et al”® showed that remdesivir presents ben-
efits on shortening recovery from COVID-19 in clinical trials
under oxygen or IMV. Regarding patients admitted to the
ICU, Pasquini Z et al® states that this drug might be asso-
ciated with a significant beneficial effect on survival. How-
ever, it was also observed by Spinner C et aF’ that a 10-day
course of remdesivir, did not make a significant difference in
the clinical status of patients with moderate disease. Clini-
cal trials of remdesivir are still ongoing, including in pediat-
rics."®

Remdesivir is available in Portugal for patients who fit
the criteria of evidence of COVID-19 pneumonia with posi-
tive SARS-CoV-2 PCR, receiving oxygen due to low periph-
eral oxygen saturation (SpO, < 94%)."3" It was used in our
hospital in three critical patients who had these criteria with
a diagnosis of MIS-C and ARDS. It can be given to adults
and children older than 12 years of age or with a weight
over 40 kg, and it can also be prescribed for off-label use in
patients younger than 12 years old or with a weight between
3.5 and 40 kg."®3" Therefore, infants and children who are
suitable for off-label use prescribing might not be able to
receive this therapy in time, while waiting for permission re-
lated with off-label treatment.

The effectiveness of adjuvant therapies with NHIG is be-
ing evaluated in various randomized clinical trials but still no
quality evidence is available. '* However, the main focus of
using NHIG was, in our department and abroad, not only
in ARDS® but also in MIS-C cases due to the presence of
immune dysregulation and its similarities to atypical-Kawa-
saki disease, which makes this therapy a crucial treatment
in critical cases.®* Other immunomodulatory therapies are
corticosteroids, such as dexamethasone, which has shown
promising results in reducing death in the advanced phases
of the disease in adults, including patients receiving oxygen
or IMV but not in patients with no respiratory support.’® We
have used MPDN in three patients: one with ARDS, given
our previous experience with this drug use and as an alter-
native for dexamethasone;** and two with MIS-C to control
the inflammation. Recent findings have demonstrated that
MPDN in an early stage of the disease, in low-dose and
short-term administration is associated with better clinical
outcomes, such as the more rapid resolution of hypoxia, a
lower need for IMV, and a shorter hospital stay,** making
this immunomodulator a promising treatment in managing
severe COVID-19 cases.

Finally, in adults, the thrombotic risk related with
COVID-19 has been stated and the use of anticoagulant
therapy appears to be associated with a better prognosis.®
There are only a few guidelines regarding anticoagulation in
COVID-19 and none of them applies to pediatric patients.®
Therefore, we only proposed the use of thromboprophylaxis
in immobilized hospitalized adolescents with severe to criti-
cal disease.
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Table 6 — Proposal for the therapeutic approach of hospitalized children with COVID-19

Support therapy
» Oxygen
* Inhaled bronchodilators
* Inhaled corticosteroids
* Invasive mechanical ventilation
* Inotropic support

Antiviral therapy

* Remdesivir

Immunomodulatory therapy
* Methylprednisolone * MIS-C
* Immunoglobulin - ARDS

Prophylactic anticoagulants
» Enoxaparin

Antibiotics
» Amoxicillin/acid clavulanate
* Azithromycin
* Ceftriaxone

Therapy should focus, at first, in this stage, including:
« Clinical surveillance
« Clinical stabilization
» Monitoring of symptoms and clinical evolution

Consider in severe and critical cases according to WHO criteria'® (Table 1)

Consider in cases of:

In selected cases:
« In severe or critical cases in which thrombotic risk is stated.

In selected cases:
« If bacterial infection suspected

Proposal for a therapeutic approach of hospitalized children with COVID-19. ARDS: acute respiratory distress syndrome; MIS-C: multisystem inflammatory syndrome in children; WHO:

World Health Organization

Secondary adverse drug reactions were only found in
HCQ and LPV/r. Only two patients had to suspend antivi-
ral therapy, suggesting that, overall, antivirals seem safe in
children. However, the use of HCQ was always under clini-
cal surveillance through medical protocols regarding cardio-
toxicity as we have done in our department.

Although three patients reported post-discharge se-
quelae, most children fully recovered from the disease and
hospitalization. This was also seen in other European coun-
tries,® sustaining that COVID-19 is, in general, a benign vi-
ral disease in the pediatric population. Caution is needed
nonetheless, and the long-term evolution, especially in
those with pneumonia, is still not known.37-%

The clinical and therapeutic approach of hospitalized
COVID-19 patients in our hospital have changed over time,
according to our growing experience and the most recent
scientific data. In order to face this emergent disease, it was
crucial to have a prompt treatment approach for severe and
critical cases that included not only antiviral therapy but also
immunomodulators, prophylactic anticoagulants, and other
supportive treatment. Therefore, we suggest that treatment
should be defined by several steps, as shown in Table 6.

The main limitation of this study focuses on being a sin-
gle center observational study. Furthermore, as a tertiary
hospital, we received most of the moderate, severe, and
critical cases from a significant part of our country, leading
us to have more severe cases than expected. Regarding
the use of antiviral therapy, it is important to understand that
the favorable clinical evolution that we have observed can
also be related with the natural course of the disease or
other variables that were not studied. Finally, the fact that
we were changing our approach along the way, led us to
decide on different therapies at different times.

CONCLUSION

Our study represents one of the first pediatric cohorts
of hospitalized COVID-19 patients in our country. As seen
in cohorts from other countries, most children presented
mild disease with a favorable clinical evolution. However,
we observed a significant proportion of patients with severe
and critical disease, such as pneumonia, sepsis, MIS-C and
myocarditis, that was hospitalized and received treatment
according to the most recent data by the time. Few post-
discharged sequelae have been reported but follow-up re-
evaluation is needed in the future.

There is still scarce robust clinical evidence from most
antiviral and immunomodulatory therapies, and the lack of
clinical trials in pediatrics makes the definition of a treat-
ment approach in children a real clinical challenge. More
randomized studies are needed in order to understand the
best treatment choice for our patients according to their
clinical characteristics. Increasing our knowledge about this
emergent disease will help us find weapons against the on-
going COVID-19 pandemic.
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