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Abstract

Background: Viral respiratory infections in pediatric patients with hematopoietic stem cell transplantation (HSCT) significant-
ly impact morbidity and mortality. It is necessary to determine the viral agents and their frequency of presentation to unders-
tand their impact on transplantation patients’ evolution. Methods: From January 2017 to December 2019, we conducted a
cross-sectional, descriptive, and observational study of patients who underwent HSCT with a viral respiratory infection. Viral
identification was performed using multiplex polymerase chain reaction for nine respiratory viruses. Descriptive statistics were
performed with a report of central tendency measures and percentages. Results: Of the 54 pediatric patients who underwent
HSCT 59.2% presented an airway infection; in turn, at least one viral agent was identified in 59.3% of these patients. The
most frequent viral agents were influenza (25.9%), human rhinovirus (18.5%), and respiratory syncytial virus (18.5%). Viral
co-infections occurred in 36.8% of the cases. The reported complications were supplemental oxygen requirement (73.6%),
support with mechanical ventilation (21%), admission to the pediatric intensive care unit (15.7%), and mortality associated
with a viral respiratory infection (10.5%). Conclusions: Viral respiratory infections are frequent in pediatric patients with HSCT;
influenza A/B virus was the most frequent agent. As morbidity and mortality increase due to these infections in patients with
HSCT, strategies are necessary for its prevention and timely treatment after transplantation.
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Infecciones respiratorias virales en pacientes pediatricos con trasplante de células
progenitoras hematopoyéticas

Resumen

Introduccion: Las infecciones respiratorias virales en los pacientes pedidtricos con trasplante de células progenitoras he-
matopoyéticas (TCPH) impactan significativamente la morbilidad y la mortalidad. Para comprender su impacto en la evolucion
de los pacientes receptores de trasplantes es necesario conocer la frecuencia de presentacion y los agentes virales.
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Métodos: De enero de 2017 a diciembre de 2019 se llevd a cabo un estudio transversal, descriptivo y observacional de los
pacientes sometidos a TCPH que tuvieron una infeccion viral de vias respiratorias. La identificacion de los virus se realizo
por medio de la prueba de reaccion en cadena de la polimerasa multiplex para nueve virus respiratorios. Se realizo esta-
distica descriptiva con reporte de medidas de tendencia central y porcentajes. Resultados: De los 54 pacientes incluidos,
el 59.2% presentaron una infeccion de vias respiratorias y se identificé al menos un agente viral en el 59.3% de estos casos.
Los virus mds frecuentes fueron influenza (25.9%), rinovirus humano (18.5%) y virus sincitial respiratorio (18.5%). En el 36.8%
de los casos se detectaron coinfecciones virales. Se presentaron las siguientes complicaciones: requerimiento de oxigeno
suplementario (73.6%), soporte con ventilacion mecénica (21%), ingreso a la unidad de cuidados intensivos pediatricos
(15.7%) y muerte asociada a infeccion por virus respiratorios (10.5%). Conclusiones: Las infecciones respiratorias virales
en los pacientes pediatricos con TCPH son frecuentes; el virus influenza A/B es el agente mds habitual. Debido a que estas
infecciones se asocian con mayor morbimortalidad en los pacientes con TCPH, son estrategias necesarias para su preven-

cion y tratamiento oportuno posterior al trasplante.

Palabras clave: Trasplante de médula dsea. Infecciones de vias respiratorias. Virus respiratorio.

Introduction

Hematopoietic stem cell transplantation (HSCT) is a
curative treatment for multiple hematologic and non-he-
matologic pathologies in pediatric patients. One of
HSCT’s objectives is reconstituting the hematopoietic
system, including the immune system. Post-transplant
immune reconstitution begins with the recovery of the
innate immune response (natural killer [NK] cells, neu-
trophils, monocytes, dendritic cells, and T cells) from
15 days to 2 months after transplant. The adaptive
immune response (CD4+ T cells and B cells) has a later
recovery, occurring up to 24 months after transplanta-
tion'. During viral infections, macrophages and NK cells
belong to the innate immune system and are part of the
first defense barrier. Toll-like receptors recognize patho-
gen ligands, such as nucleic acids, and lead to the
production of type | interferons (IFN-o. and IFN-B),
which will limit the infection of other cells?. Furthermore,
NK cells produce IFN-y synergizing with other cells,
such as dendritic cells. After the onset of the antiviral
immune response, T cells and B cells begin their par-
ticipation. In their CD8+ subpopulation, T cells contrib-
ute directly to eliminating infected cells through their
TNF-tumor necrosis factor and CD95-CD95R perfo-
rin-granzyme B mediated cytotoxic  activity®.
Simultaneously, CD4+ T cells are critical participants
for B cell activation, producing a cytokine pro-inflam-
matory environment and antibody isotype switching®.
These responses contribute to the control of future viral
infections. The absence of normal cellular or effector
capacity influences the control of infections and
reinfections.

The post-transplant immune response can be
affected by multiple factors (the type of transplant,
cell source, T cell depletion, graft-versus-host

disease [GVHD], immunosuppressive drugs, and
associated infections), which favor a state of immu-
nosuppression predisposing post-transplant patients
to infections®®.

Viral respiratory infections in pediatric patients with
HSCT impact overall survival and are associated with
increased morbidity and mortality. With a prevalence
between 1 and 55% in pediatric patients with HSCT,
viral respiratory infections are usually present with a
seasonal distribution similar to that of the pediatric
population, prevailing during the autumn/winter sea-
son’?. Most viral respiratory infections in these
patients are usually acquired in the community, with
the most frequently reported agents being human
rhinovirus, influenza, respiratory syncytial virus
(RSV), parainfluenza, adenovirus, metapneumovirus,
and coronavirus, among others. However, up to 48%
of respiratory viral infections may be associated with
nosocomial transmission'®'. Clinical manifestations
range from mild upper airway symptoms (rhinorrhea,
odynophagia, coughing, sneezing, or epiphora) to
severe pneumonia with respiratory failure. The inci-
dence of the upper respiratory tract infections (URTIs)
in pediatric patients with HSCT varies depending on
the viral agent: influenza A/B virus and human rhino-
virus show the highest incidence (1-50%). Lower
respiratory tract infections (LRTIs) also depend on the
viral agent; however, they can present an incidence
from 0 to 70% at diagnosis. Between 20 and 30% of
URTIs progress to LRTIs, depending on the viral
agent causing the infection”'2.

Risk factors for URTI progression to LRTI in pediatric
patients with HSCT are the following: GVHD, steroid
use, a myeloablative conditioning regimen, the timing
of infection relative to the transplant period,
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lymphopenia (< 200 lymphocytes/ul), and neutropenia
(< 500 neutrophils/ul)'®4,

In patients undergoing HSCT, viral respiratory infec-
tions are associated with prognosis and survival.
Mortality associated with viral respiratory infections is
approximately 20%, although some studies report up
to 40%'>"7. Other complications associated with viral
respiratory infections are decreased total lung capacity
(67%), alloimmune pulmonary syndromes, idiopathic
interstitial pneumonia, bronchiolitis obliterans (10.9%),
and bronchiolitis obliterans with organizing pneumonia
(16.4%). Case series where the viral respiratory infec-
tion was associated with delayed engraftment or, in the
most severe cases, secondary long-term graft loss
have been reported”'8.19,

In the HSCT patient, the immune system does not
generate a response similar to that of the healthy pedi-
atric patient during a viral infection since there is a
depletion of innate and adaptive immunity, together
with the loss of barrier mechanisms (mucosa) second-
ary to the transplantation process (chemotherapy and
radiotherapy). In addition to the previously mentioned
factors, these alterations generate a greater predispo-
sition to complications and death in the transplanted
patient?®22. To know the frequency and evolution of
viral respiratory infections and the viral agents found in
patients who underwent HSCT, we reviewed the cases
at the Hospital Infantil de México Federico Gémez
(HIMFG).

Methods

From January 2017 to December 2019, we conducted
a cross-sectional, descriptive, observational study in
HSCT patients (aged 0 to 18 years) with a viral respi-
ratory tract infection (RTIs), and viral agent isolation at
the HIMFG.

Patients

We included inpatients and outpatients with HSCT
presenting to the emergency department with respira-
tory symptoms and a positive respiratory panel, patients
in the immediate post-transplant period, and patients
under surveillance with a survival of more than 2 years.
Furthermore, patients with clinically GVHD data and
under treatment with immunosuppressive drugs were
considered. We excluded patients with incomplete data
on the record and no isolated viral agent in the respi-
ratory virus panel.

We collected the following data: underlying disease,
type of transplant, GVHD, immunosuppressive treat-
ment, other treatments applied, and patient evolution.
Chemotherapy and radiotherapy were used in all
patients according to the underlying pathology and the
indicated conditioning scheme. Furthermore, patients
who had an allogeneic transplant received prophylactic
treatment for GVHD. As a protocol and following inter-
national guidelines, antiviral (herpes family virus), anti-
fungal, and antibacterial prophylaxis were used in all
patients. In patients whose report was positive for a
viral agent in a sample obtained from the nasopharyn-
geal swab, no isolation of bacterial pathogens was
evidenced by other laboratory means.

Definitions

Airway infection was defined in a patient who pre-
sented respiratory symptoms during hospitalization or
as an outpatient with rhinorrhea, cough, odynophagia,
and nasal congestion. Viral airway infection was con-
sidered in a patient with respiratory symptoms in whom
a viral agent was identified by polymerase chain reac-
tion (PCR) test. URTI was defined in cases with respi-
ratory symptoms and no hypoxemia or changes in
chest X-ray, while LRTI in cases with respiratory symp-
toms and hypoxemia and changes in chest X-ray.
Reinfection was classified in any patient who presented
a repeated clinical event of respiratory infection, with
the isolation of the viral agent. GVHD was defined and
classified according to the literature®3. Neutropenia was
defined as neutrophils < 500 cells/ul and lymphopenia
as lymphocytes < 200 cells/ul.

Complications assessed were the requirement for
supplemental oxygen (non-rebreather mask, face tent,
or nasal cannula), non-invasive mechanical ventilation,
invasive mechanical ventilation, admission to the pedi-
atric intensive care unit, and death related to RTls.

Respiratory virus panel

Multiplex PCR was performed using low-density
microarrays, employing the CLART® PneumoVir plat-
form (Genomica), following the manufacturer’s instruc-
tions for the detection of the following viruses:
adenovirus, human rhinovirus, bocavirus, coronavirus,
and enterovirus (echovirus), influenza A (human H3N2,
human H1N1, and HIN1/2009 subtypes), influenza B,
influenza C, human metapneumovirus (subtypes A
and B), parainfluenza (1, 2, 3, and 4), and RSV type A
and B. Subsequently, on March 2019, 21 respiratory
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tract infectious agents were determined simultaneously
by identifying nucleic acids of respiratory viruses and
bacteria with labeled microspheres. The NXTAG®
Respiratory Pathogen Panel (qualitative test) was used.
The reaction was amplified through reverse transcrip-
tion and PCR in a single step, and the resulting product
was subjected to microsphere hybridization within the
same reaction tube. The labeled and hybridized micro-
spheres were then classified and read using the
MAGPIX® instrument, and the signals were analyzed
using SYNCT™ software. Agents detected were influ-
enza A, influenza A H1, influenza A H3, influenza B,
RSV (A and B), coronavirus 229E, coronavirus OC43,
coronavirus NL63, coronavirus HKU1, human metap-
neumovirus, human rhinovirus/human enterovirus, ade-
novirus, parainfluenza (1, 2, 3, and 4), human bocavirus,
Chlamydophila pneumoniae, Mycoplasma pneumonia,
and Legionella pneumophila.

Statistical analysis

Descriptive statistics were performed reporting mea-
sures of central tendency and percentages.

Results

Fifty-four patients with HSCT were reported during
the study, from which 66.6% (36/54) presented a clini-
cal picture of respiratory infection in the post-transplant
stage (from day 0 to 1140). Four events were excluded
from the analysis because of missing data on the clin-
ical record; thus, 32 clinical events of RTIls were
reviewed. Patients with positive virus results by PCR
were analyzed to avoid bias due to other infectious
agents. In 62.5% (20/32) of these clinical events, the
respiratory virus panel confirmed a viral etiology.

The patients’ mean age was 8 years 11 months
(2 years 8 months-15 years 4 months), and 65% (13/20)
were female. The diseases present were acute lympho-
blastic leukemia (10/20), acute myeloid leukemia (4/20),
benign hematologic diseases (2/20), solid tumors
(2/20), and osteopetrosis (1/20). A total of 7/20 hap-
loidentical transplants (35%), 2/20 autologous trans-
plants (10%), and 18/20 allogeneic transplants (90%)
were performed. The following conditioning regimens
were used: myeloablative in 16/20 (80%) and reduced
intensity in 4/20 (20%). The characteristics of the pop-
ulation are described in table 1.

Patients with RTls were at different post-transplant
stages (day 0-day 1140). There were 7/20 (35%) RTI

Table 1. Characteristics of patients with hematopoietic
stem cell transplantation who developed a viral

respiratory infection

Mean age

Gender
Male
Female

Underlying disease
ALL
AML
SAA
PRCA
Neuroblastoma
Retinoblastoma
Osteopetrosis

Type of transplant
Allogeneic
DR 100%
DR 90%
DR 75%
Not related 100%
Haploidentical
Autologous

Cell source
Bone marrow
Peripheral blood

Conditioning regimen
Myeloablative
Reduced-intensity

Type of infection
URTI
LRTI
Progression

Symptoms
Rhinorrhea
Cough
Crackles
Respiratory distress
Fever
Low oxygen saturation or hypoxemia
Odynophagia
Changes in imaging studies

Results of blood analysis
Lymphopenia (< 200 cells/pl)
Neutropenia (< 500 cells/pl)

Complications
Supplemental oxygen requirement
Mechanical ventilation
Intensive care unit
Death

Patients with HSCT
and respiratory

infection of viral
etiology (n = 20)

8 years 11 months

—
o

__ e a N

=
—

NN =N =

30%
70%
10%

25%
40.6%
18.7%

50%
31.2%
46.8%
15.6%
46.8%

6.2%
9.3%

65.6%
18.7%
12.5%
6.2%

(Continues)
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Table 1. Characteristics of patients with hematopoietic
stem cell transplantation who developed a viral
respiratory infection (Continued)

Patients with HSCT
and respiratory

infection of viral
etiology (n = 20)

Treatment
Antibiotic 80%
Antiviral 15%
Symptomatic/surveillance 5%

ALL: acute lymphoblastic leukemia; AML: acute myeloid leukemia; HSCT:
hematopoietic stem-cell transplantation; LRTI: lower respiratory tract infection;
PRCA: pure red cell aplasia; SAA: severe aplastic anemia; URTI: upper respiratory
tract infection.

Table 2. Respiratory viruses detected in patients with

respiratory symptomatology

Virus isolated

Adenovirus 4 (14.8)
Influenza 7(25.9)
Influenza A 2 (7.4)
Influenza A HIN1 1(3.7)
Influenza A H3N2 2 (7.4)
Influenza B 2(7.4)
Metapneumovirus B 4 (14.8)
Parainfluenza 3 2(7.4)
Rhinovirus 5(18.5)
Respiratory syncytial virus 5(18.5)
Respiratory syncytial virus A 4 (14.8)
Respiratory syncytial virus B 1(3.7)
Total viruses isolated 27 (100)

events during the first 100 days post-transplant, 3/20 (15%)
between 100 and 365 days post-transplant, and 9/20
(45%) after 365 days post-transplant. Only 2/20 (10%) of
RTls occurred in the first 30 days post-HSCT.

A total of 27 viruses were identified (Table 2). In URTI,
the most frequent viruses were adenovirus, influenza
A/B, and metapneumovirus, while in LRTI, influenza,
RSV, and human rhinovirus (Table 3). Viral co-infections
were identified in 36.8% of the viral infections (7/19), the
most frequent being influenza A-metapneumovirus B in
two cases. Other co-infections were influenza A-human
rhinovirus, influenza B-metapneumovirus B, influenza A
H3N2-metapneumovirus B, human rhinovirus-metap-
neumovirus B, RSV B-adenovirus, and one case of three
viral agents’ co-infection: RSV A-human rhinovirus-ade-
novirus. A significant seasonal distribution was observed

Table 3. Respiratory viruses isolated according to the
clinical presentation

URTI 8 (29.6)
Adenovirus 2
Parainfluenza 1
Influenza 2
Influenza A 1
Influenza B 1
Metapneumovirus B 2
Human rhinovirus/enterovirus 1
LRTI 19 (70.3)
Adenovirus 2
Parainfluenza 1
Influenza 5
Influenza A 1
Influenza A H3N2 2
Influenza A HIN1 1
Influenza B 1
RSV 5
RSV A 4
RSV B 1
Metapneumovirus B 2
Human rhinovirus 4

Total isolated agents 27 (100%)

LRTI: lower respiratory tract infection; RSV: respiratory syncytial virus; URTI: upper
respiratory tract infection.

in the fall/winter season (15/19 events; 78.9%) in com-
parison to spring/summer (4/19 events; 21%) (Fig. 1).

Clinically, 31% of patients (6/20) showed URTI symp-
toms, and 15% (3/20) progressed to LRTI. A complica-
tion was observed in 83.3% of patients (5/6) in the URTI
group. Furthermore, 65% of patients (13/20) showed
LRTI symptoms, and all had at least one complication.
In 52.6% of the chest X-rays, variable images ranging
from mild interstitial infiltrate to consolidation were
identified.

Regarding treatment, 84% of the patients were
administered with empirical broad-spectrum antibiotics
(cefepime, meropenem, and vancomycin) before iden-
tifying the viral agent. Management with an antiviral
(oseltamivir) was initiated in 21% of the patients, and
only supportive and symptomatic management in 5%.

Regarding complications, supplemental oxygen was
the most frequently used in 70% of the events (nasal
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Figure 1. Seasonal distribution of viruses in hematopoietic stem cell transplant patients. RSV: respiratory syncytial virus.

prongs [2/20] or non-rebreathing mask [12/20]), fol-
lowed by mechanical ventilation support (non-invasive
[2/20] or invasive [2/20]), which was required in 20% of
the events. Furthermore, 15.7% of the events required
management in a pediatric intensive care unit. Mortality
of 10.5% was associated with RTIs, isolating RSV A in
one patient and influenza A- metapneumovirus B in
another patient.

Discussion

According to our results, community-acquired viral
respiratory infections are frequent infectious events in
post-transplant patients. Literature has reported a pre-
dominance of viral respiratory infections in non-trans-
planted patients < 5 years old; however, we did not
observe an age-related predominance of viral respira-
tory infections in this group of patients. It is necessary
to consider that HSCT favors the immunosuppressive
state of patients at any age'?.

Furthermore, we detected a viral RTls in 25.9% of
the HSCT patients (14/54) during the post-transplant
stage, and 52% of the events occurred in the first year
post-transplant. Different studies have shown higher
frequencies of infection and risk of complications in the
first year post-transplant®®-?7, Our sample of HSCT
patients behaved similarly to other literature reports
since respiratory viral infections can occur in any HSCT

patient, even with different underlying diagnoses (onco-
logic or hematologic, and benign or malignant), differ-
ent conditioning regimens, types of transplant, and cell
sources.

Notably, only two patients showed respiratory infec-
tions during the period in which they were in the HSCT
unit (first 30 days after transplantation). During this
period, they have more extraordinary protection mea-
sures. Health-care personnel (medical, nursing, clean-
ing, and maintenance personnel) at the hospital and
family members accompanying the patient should be
considered a source of infection. Respiratory infections
after 100 days post-transplant occurred in a significant
percentage of patients (63%). Considering that they are
under ambulatory follow-up and in contact with com-
munity agents, it is necessary to be aware of multiple
risk factors for viral respiratory infections, such as mye-
loablative conditioning regimen, immune reconstitution,
GVHD activity, use of immunosuppressive treatment,
and preventive measures (vaccines)?”-°,

A highly variable frequency of respiratory viral infec-
tions (5-46%) has been described in the literature,
depending on the respiratory virus isolated. The fre-
quency of presentation in the population included in this
study is in line with other reports, suggesting that
viruses are an important part of the etiological agents
of respiratory infections in post-transplant patients”2%:30,
The seasonal distribution of viral agents found in
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Pre-transplant factors Post-transplant interventions
- Age - Immunosuppresion
- Underlying desease - Donor lymphocyte infusion
- Previous treatment - Photopheresis
- Comorbidities ; -
- Disease activity (MRD) Immunogammaglobulin
Neutrophils
NK cells
Monocyte
G
w
-
A 4
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TRANSPLANT UNIT COMMUNITY
Trasplant factors
- Cell source
- Donor compatibility Post-transplant factors
- Cell dose - GVHD
- Conditioning regimen - Infections: CMV, EBV, VZV, fungus, others
- Tcell depletion - Relapse
- Immunosuppression

Figure 2. Factors involved and expected immune reconstitution in the hematopoietic stem cell transplant patient. CMV:
cytomegalovirus; EBV: Epstein Barr virus; GVHD: graft-versus-host disease; MRD: minimal residual disease; NK: natural

killer cells; VZV: varicella-zoster virus.

patients who underwent HSCT was similar to the sea-
sonal distribution of viruses in other pediatric patients
at the Hospital Infantil de México Federico Gémez. In
a study conducted by Ison and Hirsch in 2019, it is
mentioned that the most frequently identified viral
agents in patients with HSCT were human rhinovirus,
RSV, and influenza, which present a similar seasonality
to that of the community, being more frequent in autumn
and winter®'.

Soudani et al. conducted a study of the prevalence
of acute respiratory infections in patients with cancer
and HSCT, demonstrating a higher incidence of respi-
ratory infections, in addition to co-infections with multi-
ple viruses®. In our patients, we found a high frequency
(36.8%) of viral co-infections; additionally, three patients
had recurrent reinfections. This high frequency
observed in our study may be due to multiple factors
such as GVHD (present in 14/20) or immunosuppres-
sant use (15/20), among others. When dealing with
patients with HSCT, it is necessary to consider that
respiratory infections with community viral agents are

facilitated. Due to a compromised immune system,
these patients may present reinfections with the same
viral agent and, occasionally, co-infections.

One of the limitations of this study is that we did not
correlate risk factors with the presentation of RTls.

More LRTI than URTI were found (70% vs. 30%,
respectively), with a progression from upper to lower
clinical presentation. In Korea, in 2013, Choi et al. stud-
ied 175 pediatric transplant patients who had 89 clinical
episodes of viral respiratory infections: about 61.8% of
the infections were in upper airways, 38.2% in lower
airways, and mortality was associated with viral infec-
tions in 3.3% (3/89)%. We consider that our patients’
immunosuppression state favored the presentation of
severe clinical pictures and a tendency to
complications.

Since these patients were immunocompromised
empirical antibiotic coverage was initiated in 80% of the
patients as part of the initial management of respiratory
infections. However, after identifying the viral agent
responsible for the respiratory symptoms, directed
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treatment was given in 20% of the patients. Management
with neuraminidase inhibitors was initiated in patients
in whom influenza A/B was detected; 5% of the patients
received treatment for general symptoms. In our
patients, treatment with antiviral agents was only given
to those who presented influenza. However, it has been
described that the use of inhaled ribavirin as a treat-
ment for RSV infections in patients with HSCT reduced
viral load, invasive mechanical ventilation, and hospital
Stay15,27_

Complications occurred in 90% of patients, the most
frequent being the requirement of supplemental oxygen
(70%). Two patients died in association with the viral
respiratory infection: the first patient required HSCT
due to pure red cell aplasia and had three clinical
events of respiratory infections 100 days post-trans-
plant, with different viral agents isolated in each infec-
tion. In the last infectious event, the patient presented
a co-infection with influenza A and metapneumovirus
B, which contributed to respiratory failure, requiring
support with assisted mechanical ventilation, and pro-
gressing to severe pulmonary damage. The second
patient required an HSCT for acute myeloid leukemia
and died secondary to a respiratory failure event with
the isolation of influenza A HIN1; besides, she pre-
sented septic shock data. Although no other patho-
genic agent was isolated as the septic shock etiology,
we cannot rule out its participation. Mortality associated
with viral respiratory infections in pediatric patients with
HSCT is highly variable. Some studies reported that it
is 3% and as high as 70% in other studies. This fre-
quency of presentation is associated with multiple char-
acteristics: the identified viral agent, time of presentation
of the infection regarding the transplant, type of trans-
plant performed, conditioning regimen used, presence
of GVHD, immunosuppressants (steroids), and chronic
complications®>28, We consider that one explanation for
this response is the late immune reconstitution of
hematopoietic progenitor cell transplantation (Fig. 2). In
the study conducted by Parra et al., it was reported that
patients with HSCT achieve a late immune reconstitu-
tion, having an adequate cellular number up to 2 years
after transplantation; however, no association with a
more significant number of infections was observed®:,

Viral respiratory infections are frequent in pediatric
patients with HSCT (62.5%) and occur throughout the
year. The most frequent viruses were human rhinovirus,
RSV, and influenza. As these infections have an essen-
tial impact on morbidity and mortality, efforts should be
made to establish strategies for their prevention, iden-
tification, and timely supportive management.
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