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Abstract

Introduction: Endemic coronaviruses have been found in acute bronchiolitis, mainly
as a coinfecting virus. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) has been responsible for respiratory illness in hospitalized children. The char-
acteristics of patients with bronchiolitis have not been extensively described.
Methods: Cross-sectional study of patients with bronchiolitis and SARS-CoV-2 in-
fection enrolled in a prospective multicenter cohort of children hospitalized with
COVID-19 in Spain from March 1, 2020 to February 28, 2021.

Results: Twelve of 666 children infected with SARS-CoV-2 who required hospital
admission met the diagnostic criteria for bronchiolitis (1.8%). Median age was
1.9 months (range: 0.4-10.1). Six cases had household contact with a confirmed or
probable COVID-19 case. Main complaints were cough (11 patients), rhinorrhea (10),
difficulty breathing (8), and fever (8). Eleven cases were classified as mild or mod-
erate and one as severe. Laboratory tests performed in seven patients did not evi-
dence anemia, lymphopenia, or high C-reactive protein levels. Chest X-rays were
performed in six children, and one case showed remarkable findings. Coinfection
with metapneumovirus was detected in the patient with the most severe course;
Bordetella pertussis was detected in another patient. Seven patients required oxy-
gen therapy. Albuterol was administered in four patients. One patient was admitted
to the pediatric intensive care unit. Median length of admission was 4 days (range:
3-14). No patient died or showed any sequelae at discharge. Two patients devel-
oped recurrent bronchospasms.

Conclusion: SARS-CoV-2 infection does not seem to be a main trigger of severe
bronchiolitis, and children with this condition should be managed according to

clinical practice guidelines.
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1 | INTRODUCTION

The coronaviruses 229E and OC43, discovered in the 1960s, and
NL63 and HKU1, identified in the 2000s, have been described as the
causative pathogen in upper respiratory tract infections, asthma,
bronchiolitis, pneumonia, and croup, with more severe disease
occurring in infants, the elderly, and immunocompromised individuals.
Among hospitalized children, clinical manifestations and severity of
illness were similar across the four human coronavirus (HCoV) types,
and children under 2 years of age and those with chronic complex
conditions were found to be at risk of increased disease severity." As
with endemic coronaviruses, severe acute respiratory syndrome cor-
onavirus 2 (SARS-CoV-2), the disease that causes coronavirus disease
2019 (COVID-19), is responsible for respiratory illness in hospitalized
children.? Pneumonia has been the main clinical diagnosis in pediatric
patients with COVID-19.%

Acute bronchiolitis (AB) is the most common cause of hospitali-
zation among infants during the first 12 months of life.* In infants
seeking care for AB, respiratory syncytial virus (RSV) is the most
common infection.” Previously, human coronavirus (HCoVs) were an
infrequent cause of single-infection AB.”® Although endemic cor-
onavirus was found in 12% of children hospitalized with AB during
the pre-COVID-19 era, it has been reported that 85% of endemic
coronavirus AB cases had a coinfecting virus, mainly RSV. Coinfection
has not been associated with increased disease severity.”

To the best of our knowledge, there are scarce reports of infants
with AB in whom SARS-CoV-2 was the only infection detected.®
SARS-CoV-2 infection has been found to have a low impact on pe-
diatric acute respiratory disease hospitalizations, and AB seems to be
an infrequent diagnosis.” Several mechanisms have been proposed to
explain the varying severity of SARS-CoV-2 infection between adult
and pediatric patients.*©

We analyzed data from a prospective multicenter cohort of
children hospitalized with COVID-19 in Spain, one of the countries
with the highest prevalence of COVID-19 in Europe,’™'? to
describe the characteristics of patients with diagnosed AB
secondary to SARS-CoV-2.

2 | MATERIALS AND METHODS

2.1 | Study design, setting, and population

We performed a cross-sectional study of patients with AB and SARS-
CoV-2 infection enrolled in the Prospective Epidemiological Study of
COVID-19 in Children of the Spanish Pediatric Association (EPICO-
AEP), from March 1, 2020 to February 28, 2021. EPICO-AEP is a
multicenter nationwide study aiming to describe COVID-19 in
Spanish children.'® A representative sample of 10% of all hospitals in
Spain recruited patients, including all major pediatric hospitals in each
Spanish region. All affiliated pediatricians received an email invitation

to participate in the project from the Spanish Pediatric Association.

All centers showing interest were included in the project. No facilities
were excluded. Children younger than 18 years of age infected with
SARS-CoV-2 who received care at any of the 80 participating hos-
pitals were included in this registry. For the present analysis, the
inclusion criteria were (i) children under 2 years of age with AB ad-
mitted to the hospital and (ii) positive reverse-transcriptase poly-
merase chain reaction (RT-PCR) assay for SARS-CoV-2 performed

using nasopharyngeal swab/aspirate.

2.2 | Definitions

In accordance with the classical criteria by McConnochie et al., AB
was defined as the first episode of acute wheezing in children aged
less than 2 years, beginning as a viral upper respiratory infection
(coryza, cough, or fever).'® Patients with previous episodes of

wheezing were excluded.

2.3 | Ethics statement

This study was approved by the Ethics Committee of the coordinating
hospital (Hospital Universitario 12 de Octubre, Madrid, number:
20/101) and by the ethics committees of all other participating
centers, and informed consent was obtained from the parents or

guardians of all children included.

2.4 | Laboratory methods

Confirmed infection was defined as the detection of SARS-CoV-2
nucleic acid by RT-PCR. The reported sensitivity of RT-PCR for the
envelope (E)-gene and RNA-dependent RNA polymerase (RdRp) gene
assays is 5.2 and 3.8 copies per reaction at 95% detection probability,
respectively.'® Both genes needed to be amplified in RT-PCR to re-
port a positive result. RT-PCR for SARS-CoV-2 was performed on the

premises of each participating center.

2.5 | Statistical analysis

Study data were standardized and prospectively collected by re-
searchers from each center, entering the data into an encoded, con-
fidential, unigue online database using REDCap electronic data capture
tools (Biomed Inform, 2009).'° Data collected included clinical and so-
ciodemographic variables. Continuous variables, ranges, interquartile
ranges (IQR), and medians were presented in the case of nonnormally
distributed variables and means and standard deviations when variables
were normally distributed. Unless specified otherwise, the denominator
for each percentage was the number of subjects within the population
group, without considering missing observations. Data were analyzed
using SPSS software 20.0 (IBM Corp.).
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3 | RESULTS

By the end of February 2021, 666 children infected with SARS-CoV-
2 who required hospital admission had been included in the registry,
and 306 of them had a respiratory illness (45.9%). The most common
diagnoses of admitted patients are reflected in Figure 1. Thirteen
patients were infants diagnosed as having AB. One patient was
excluded as they did not meet the diagnostic criteria for AB. A total
of 12 patients were included, representing 1.8% of admissions
throughout the first year of the pandemic. Eight cases were admitted
during the first wave of the pandemic, which lasted from March 2020
to May 2020 (Figure 2).

The epidemiological and clinical characteristics of these infants
are summarized in Table 1. The median age at presentation of AB was
1.9 months (range: 0.4-10.1 months). Six out of 12 were below
8 weeks of age. Six cases had household contact with confirmed or
probable COVID-19 cases. None had underlying medical disorders. In

all cases, RT-PCR for SARS-CoV-2 using nasopharyngeal swabs or
aspirates detected viral nucleic acid on admission in the first sample.
The most frequent complaints were cough (11 patients),

9 and work of breathing.® Eight presented fever on

rhinorrhea,’
admission and one developed fever during admission. Median
temperature in the emergency department (ED) was 37.6°C (range:
36.1-38.5°C); none presented fever >39°C during the course of the
disease. The median time of fever before hospital admission was
2 days (range: 0-6 days) and none of them presented fever lasting
more than 6 days (median: 2 days; range: 1-6 days). Gastrointestinal
symptoms were infrequent (one case of diarrhea and one with
vomiting), and none presented skin lesions.

At admission, median percutaneous oxygen saturation in room
air was 97% (range: 93%-100%) and respiratory rate was 49 rpm
(range: 28-70 rpm). According to the AB scoring system used in each
center, six cases were classified as mild, five as moderate, and one as
severe. The reason for admission in patients with mild AB was

SARS-CoV-2 hospital admissions due to a respiratory illness
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age <8 weeks in four cases, apnea reported by caregivers in one case,
and extreme family distress in the other case.

The results of diagnostic tests and the clinical course of these
patients are included in Table 2. Laboratory tests were ordered in
seven patients. None evidenced anemia, lymphopenia, or thrombo-
cytopenia. Median values of C-reactive protein at admission were
1.6 mg/L (range: 0.4-6.1 mg/L). A search for coinfection was per-
formed in nine patients. PCR assay for multiple respiratory viruses
(including RSV, influenza, adenovirus, rhinovirus, enterovirus, para-
influenza, human metapneumovirus [hMPV], bocavirus, and HCoVs
other than SARS-CoV-2) was performed in six patients and one pa-
tient was positive for h(MPV. As a single RSV antigen test performed
in other two cases presented a negative result, RSV coinfection was
ruled out in a total of eight patients. Additionally, PCR assays for
Mycoplasma pneumoniae, Chlamydia pneumoniae, and Bordetella per-
tussis were performed in five patients and one patient was positive
for Bordetella pertussis. Chest X-rays (CXR) were performed in six
children, five of which were normal at admission; one case had
perihilar infiltrates. One patient who had a normal CXR developed a
consolidation on the third day of admission.

Seven out of 12 infants required oxygen therapy, 6 of them only
by nasal cannula. The patient coinfected with hMPV was first on
high-flow nasal cannula (HFNC), followed by continuous positive
airway pressure (CPAP), and finally required mechanical ventilation
(MV) for 6 days. Length of oxygen therapy ranged from 2 to 12 days.
None of the five remaining patients received any respiratory support.

The patient coinfected with hMPV who required MV was treated
with albuterol, epinephrine, hypertonic saline, remdesivir, corticoster-
oids, antibiotics, azithromycin, and hydroxychloroquine. Excluding this
patient, albuterol was administered in three patients for 2-3 days, and
none received epinephrine or hypertonic saline. Intravenous corticoids
were given in one case and azithromycin was administered in two
cases (one of them had a confirmed coinfection with Bordetella per-
tussis). No patients received any other antiviral treatment.

One patient was admitted to the pediatric intensive care unit
(PICU). The median length of admission was 4 days (range: 3-14
days). No patient died or showed any sequelae at discharge.

As of April 2021, the follow-up period ranged from 5 to 13
months depending on the date of discharge. Two patients have had
further episodes of bronchospasm. None has required further
hospitalization.

4 | DISCUSSION

Although SARS-CoV-2 infection may be associated with AB in the
absence of a viral coinfection, SARS-CoV-2 AB has not been a fre-
qguent cause of admission during the first year of the COVID-19
pandemic in Spain, one of the European countries most severely
affected by the disease.’>? These findings are similar to those de-
scribed during the pre-COVID-19 era in which HCoVs were an in-
frequent cause of single-infection AB.”® When admitted, patients
with SARS-CoV-2 AB did not have a more severe disease course.

i)

In our series of patients with AB, hospital admission was mostly
motivated by patient age below 8 weeks. Young age is a known risk
factor for severe disease in AB caused by other viruses.'>*¢ There-
fore, local protocols usually recommend hospital admission for young
infants with AB regardless of severity. Moreover, in the early stages
of the pandemic, a more conservative approach regarding age was to
be expected by attending pediatricians in the ED.

According to clinical practice guidelines, clinicians should diag-
nose AB and assess disease severity based on history and physical
examination; radiographic or laboratory studies should not be
obtained routinely.’”*® An investigation by Parikh et al. showed that
blood testing was ordered in 29% and CXR in 52% of patients
admitted due to AB." In our series, laboratory studies were ordered
in 7/12 patients, likely due to concerns surrounding this emerging
pathogen, though no remarkable results were found. On the other
hand, a CXR was ordered in 6/12 cases despite a nonsevere course in
most cases, and remarkable findings were found only in the patient
coinfected with hMPV who required MV.

Nowadays, pharmacological treatments should not be adminis-
tered to infants and children with a diagnosis of AB.*”*® Never-
theless, it continues to be commonplace for hospitalized patients to
receive bronchodilators (58%), antibiotics (33%), or steroids (16%) in
the United States.'? Similar figures of overuse of nonrecommended
drugs have been reported in Spain.?° In our series, bronchodilators
were given to 4/12 patients. This low rate may reflect a cautious
approach taken when considering nebulized treatments in the
COVID-19 era due to the risk associated with these therapy ap-
proaches, but also due to the current strong evidence base advising
against them.

The nonsevere course of most cases of SARS-CoV-2 AB is re-
flected by the degree of supplemental oxygen needed during ad-
mission. Five patients did not require any oxygen at all, and in
another six cases an ordinary nasal cannula was sufficient. Only the
patient coinfected with hMVP required HFNC, CPAP, and MV. PICU
admission was indicated in this unique patient, which is consistent
with other series in which approximately 6%-17% of hospitalized
children with AB required intensive care.?*?? Although the patient
with the worst clinical evolution had a viral coinfection, most of the
infants tested showed no presence of coinfection. Therefore, our
study cannot contribute data on the behavior of this emerging virus
in coinfection with other pathogens.

According to recent studies, hMPV is one of the five most
common pathogens in severe AB, accounting for 6% of the cases in
the United States and in half of them acting as a single infection.?? It
is difficult to determine whether the hMPV itself or the combination
of the two infections was responsible for the severity in the single
case requiring MV in the series. On the one hand, endemic cor-
onavirus coinfection, mainly with RSV, has not been associated with
increased disease severity.7 On the other hand, hMPV, either alone
or in coinfection with RSV, is a known trigger of severe AB.?>?°
Therefore, although the exact role of SARS-CoV-2 infection is im-
possible to discern in this case, it may not have played a key role in
the complicated course.
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Apart from the fact that SARS-CoV-2 does not seem to be a
major trigger of AB, lockdown orders, physical distancing, mask-
wearing, and other nonpharmaceutical interventions do not only
impact COVID-19 but also the dynamics of various other infectious
diseases.”*?® Since the beginning of the pandemic, AB has been al-
most entirely absent due to the nonexistence of the 2020 winter RSV
infection peak, first in the southern hemisphere?®?” and then in the
northern hemisphere.?®2?? Supporting this trend, the eight patients
who were screened for RSV in our series were negative. Due to the
nonexistence of RSV infection peaks, PICU admissions due to AB
during the COVID-19 pandemic have been reduced dramatically.*°

As with other well-known viruses causing AB, neonatal apnea
has been described as the presenting symptom of SARS-CoV-2 in-
fection in a 16-day-old newborn who required PICU admission and
nasal CPAP.°* Similarly, another case report describes life-
threatening bronchospasm in an 11-month-old boy infected with
SARS-CoV-2 with a past history consisting of four episodes of lower
respiratory tract infection.>> These alternative respiratory manifes-
tations caused by SARS-CoV-2 infection in infants have not been
addressed in this article.

Other limitations should be pointed out. First, as microbiologic
tests were initially indicated only in patients who required admission,
the frequency of SARS-CoV-2 AB cases not requiring hospitalization
cannot be established. Second, the presence of other coinfecting
viruses have not been ruled out in all patients so in some cases we
cannot exclude the possibility that other viruses produced the AB and
SARS-CoV-2 was a coinfection. Third, although the EPICO-AEP
project has gathered data from one of the largest cohorts of pediatric
hospitalized patients with COVID-19 assembled to date, the cohort
of patients with AB remains small, and more data from other coun-
tries should be obtained to conduct meta-analyses on this issue.
Finally, since the first year of the pandemic did not coincide with the
RSV season, the behavior of this emerging virus in coinfection with
this well-known trigger of AB is uncertain.

In conclusion, single SARS-CoV-2 infection does not seem to be
a main trigger of severe AB in children, and individuals with this
condition should be managed according to clinical practice guidelines
for AB.
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