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Abstract
Introduction: The aim of the study was to assess the incidence of hospital admission due to
severe acute respiratory infection by respiratory syncytial virus (RSV-ARI) in children with
primary immunodeficiencies (PIDs) and the severity of RSV-ARI in these patients.
Methods: We conducted a nationwide cross-sectional retrospective and prospective multicentre
study in the 2011---2017 period. The study was performed in 15 Spanish hospitals and included
children with PID who required hospital admission due to RSV-ARI.
Results: Out of 439 patients with PID followed up at participating hospitals, 13 (3%) required
hospital admission due to RSV-ARI. The median age of admitted patients was 1.6 years
(interquartile range, 0.5−2.2), and 7 were male. The types of PID most frequently associated
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with admission due to RSV-ARI were combined immunodeficiency (CID; 4/71; 6%) and CID with
associated or syndromic features (CIDwASF; 6/147; 4%). Two of the 13 patients were receiving
palivizumab for RSV prophylaxis, and 3 received potentially active therapies against RSV during
the hospital stay. Viral coinfection was detected in 6 patients, 5 (39%) developed complications,
and 4 (31%) required admission to the paediatric intensive care unit. There were no documented
RSV-related deaths.
Conclusions: In the group of patients with PID, severe RSV infection requiring hospitalization
is more frequent in patients with CID and CIDwASF, in whom special efforts should be made to
prevent RSV infection. Further studies are needed to confirm these results.
© 2022 Published by Elsevier España, S.L.U. on behalf of Asociación Española de Pediatrı́a.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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Infecciones por virus respiratorio sincitial que requieren hospitalización en pacientes
con inmunodeficiencias primarias
Resumen
Introducción: El objetivo del estudio fue evaluar la incidencia de la hospitalización por infección
respiratoria aguda (IRA) grave por virus respiratorio sincitial (VRS) en niños con inmunodeficiencia primaria (IDP) y la gravedad de la IRA causada por VRS (IRA-VRS) en estos pacientes.
Métodos: Estudio transversal ambispectivo multicéntrico a nivel nacional realizado en el
período 2011---2017. El estudio se llevó a cabo en 15 hospitales españoles incluyendo a niños
que requirieron hospitalización por IRA-VRS.
Resultados: De los 439 pacientes con IDP seguidos en los centros participantes, 13 (3%) fueron
ingresados por IRA-VRS. La mediana de edad de los pacientes fue de 1,6 años (rango intercuartílico: 0,5−2,2), y 7 eran varones. Los tipos de IDP asociados con mayor frecuencia a la
hospitalización por IRA-VRS fueron la inmunodeficiencia combinada (IDC; 4/71 [6%]) y la IDC con
características sindrómicas (IDCCS; 6/147 [4%]). Dos de los 13 pacientes recibían palivizumab
para profilaxis frente al VRS, y 3 recibieron terapias potencialmente activas frente al VRS
durante la estancia hospitalaria. Se detectó coinfección viral en 6 pacientes, 5 (39%) desarrollaron complicaciones y 4 (31%) requirieron ingreso en la unidad de cuidados intensivos. No
se registraron muertes relacionadas con el VRS.
Conclusiones: Dentro de los pacientes con IDP, la necesidad de hospitalización por infección
grave por VRS es más frecuente en los pacientes con IDC y IDCC, en los que ha de prestarse una
atención especial a la prevención de infección por VRS. Se requieren estudios adicionales para
confirmar estos resultados.
© 2022 Publicado por Elsevier España, S.L.U. en nombre de Asociación Española de Pediatrı́a.
Este es un artı́culo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

Introduction
Respiratory syncytial virus (RSV) is the most common cause
of serious respiratory disease in infants and children worldwide. Specific RSV antibodies are detected in 87% of children
under 18 months and virtually all children by age 3 years.1,2
In regions with temperate climate there are annual outbreaks of RSV infection, which is the most common reason
for hospital admission in children in the winter months in
developed countries.1---3
Each year, RSV causes 3.4 million cases of disease severe
enough to require hospital admission. Its clinical spectrum
encompasses acute respiratory infections (ARIs) of the upper
or lower respiratory tract; the lower respiratory tract infections (LRTIs), which include pneumonia and bronchiolitis,
are associated with greater morbidity and mortality.2---4 Furthermore, children that experience severe LRTIs caused by

RSV are at greater risk of asthma and recurrent wheezing
throughout the lifespan.5
Patients with primary immunodeficiencies (PIDs) currently named as inborn errors of immunity - are very
vulnerable to serious and possibly life-threatening ARIs. Respiratory syncytial virus infections tend to be more severe in
immunocompromised infants compared to healthy infants,
characterised by prolonged viral shedding and development
of potentially lethal LRTI.6 The literature describes severe
courses of disease following infection by RSV infections in
infants and children with primary and acquired immunodeficiencies, and in-depth studies have been conducted
in patients with acquired immunodeficiency due to human
immunodeficiency virus (HIV) infection, treated with antineoplastic drugs or under immunosuppressive therapy after
solid organ transplantation.2,7---10 In the case of PIDs, there
is a higher risk of hospitalization and an increased mortality
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L.I. González-Granado, A. Martín-Nalda, L. Alsina et al.
due to RSV in affected patients compared to children with
normal immune function.11,12
Environmental infection control measures are essential
to reduce the spread of RSV during the epidemic season
in hospitalized immunocompromised infants. Prophylaxis
with palivizumab is recommended in high-risk infants born
preterm and in children aged less than 2 years with bronchopulmonary dysplasia or haemodynamically significant
congenital heart disease. Although some authors have proposed extending prophylaxis to infants with PID, routine
prophylaxis is not recommended at present in this highrisk group.2,13 In some countries, like Japan, palivizumab is
indicated for prophylaxis during the RSV season in immunocompromised children and in children with Down syndrome,
and new guidelines on the use of palivizumab in children
with acquired immunodeficiency have been published.14
Given the potential repercussions of community-acquired
infection by RSV in very young children with PIDs, these
patients could especially benefit from preventive strategies.
However, to estimate the real burden of infection by RSV in
patients with PIDs, we need to identify which patients are at
high risk of increased morbidity and mortality in association
with these infections.
Therefore, the aim of our non-interventional study was
to evaluate the frequency of hospital admission due to RSVrelated ARI (RSV-ARI admission) in children with PIDs in
Spain, and to identify clinical predictors of severity.

of RSV-ARI admission. Patients with HIV infection, clinically
significant congenital heart disease other than DiGeorge syndrome (22q11 deletion) and/or who had participated in a
clinical trial or experimental study with drugs in the 3 preceding months were not considered eligible for the study.
Recruitment for the prospective study period started in
November 2015, and the last patient visit took place in May
2017. The retrospective study period ranged from October
2011 to April 2015, and the prospective period covered from
November 2015 to May 2017. The study protocol adhered to
the principles of the Declaration of Helsinki and good clinical
practice guidelines.

Objectives

Methods

The primary objective of the study was to determine the
incidence of RSV-ARI admission. We calculated it as follows:
number of children with PID in any of the study groups with
at least one RSV-ARI admission/ number of children with PID
followed up in participating hospitals in the period under
study (October 2011---May 2017).
The secondary objective was to assess the severity of
RSV-ARI in every group of patients based on the following
variables: length of stay in hospital (days), admission to the
paediatric intensive care unit (PICU) and length of stay in the
PICU (days), need and duration (days) of oxygen therapy,
need and duration (days) of mechanical ventilation, need
and duration (days) of life support, associated complications
and mortality.

Study design and patients

Statistical analysis

We conducted a nationwide, multicentre, cross-sectional
prospective and retrospective observational study in children with PIDs that required RSV-ARI admission. The study
was conducted in 15 hospitals that manage children with
PIDs throughout Spain. We obtained authorization from participating institutions and written consent from the parents
or legal guardians of the children with PID hospitalized
due to RSV infection included in the study. The study was
exempted from the need of informed consent in case of
deceased patients or patients lost to follow-up before the
study started. The study protocol was approved by the competent ethics committees and was classified by the Agencia
Española de Medicamentos y Productos Sanitarios (AEMPS,
Spanish Agency of Medicines and Medical Devices) as nonpost-marketing observational study.
The inclusion criteria were age less than 5 years at
the time of RSV-ARI admission and previous diagnosis
of any of the following PIDs: combined immunodeficiency (CID), combined immunodeficiency with associated
or syndromic features (CIDwASF), immune dysregulation,
congenital defects of phagocyte number, function, or both
(CDPNFs), innate immune defects, or PID under investigation. The rationale for the age criterion was to ensure
recruitment of a sample of susceptible patients with PID with
immune cell deficiency that had undergone few pharmacological interventions.
We excluded patients with other types of PID based on the
International Union of Immunological Societies (IUIS) classification, as these forms are not associated with a higher risk

We performed a descriptive statistical analysis. We have
expressed categorical variables as absolute and relative
frequencies (%) unless noted otherwise, and continuous
variables are represented as the median and interquartile
range (IQR). The statistical analysis was performed with the
software SAS® version 9.4.

Sample size calculation
Since we conducted an observational study, we did not
establish a null hypothesis for determination of statistical
significance or correlations, and therefore it was not necessary to carry out a sample size calculation to achieve a
specific statistical power.

Results
Incidence of RSV-ARI admission and patient
characteristics
Of the 439 patients with PID followed up at the participating
hospitals, 13 (3%) required admission due to RSV-related ARI
during the study period (Table 1). One patient was admitted
twice due to RSV-related ARI. Infection by RSV was confirmed by indirect immunofluorescence in 8 patients and by
reverse transcription polymerase chain reaction (RT-PCR) in
the other 5.
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Table 1 Rate of hospital admission due to RSV-related
acute respiratory infection by primary immunodeficiency
type.
PID type

Total
patients
(N = 439)

Hospitalization due
to RSV-ARI
(n = 13)

Total
patients
with RSV-ARI
during stay
(n = 16a )

CID
CIDwASF
Immune
dysregulation
CDPNF
Innate immune
defects
PID under study

71
147
59

4 (6%)
6 (4%)
1 (2%)

6 (9%)
6 (4%)
1 (2%)

61
41

1 (2%)
0 (0%)

1 (2%)
0 (0%)

60

1 (2%)

2 (3%)

Table 2

ARI, acute respiratory infection; CDP, congenital defects of
phagocyte number or function; CID, combined immunodeficiency; CIDwASF, combined immunodeficiency with associated
or syndromic features; PID, primary immunodeficiency; RSV, respiratory syncytial virus.
a In 3 patients, RSV infection was confirmed during the hospital
stay but was not the reason for admission. These 3 patients had
nosocomial infections.

Tables 2 and 3 summarise the main characteristics of the
patients. The median age was 1.6 years (IQR, 0.5−2.2), and
54% (7/13) were male. Except for 2 children born preterm
at 35+6 weeks and 36 weeks, respectively, all children were
born at term. The median birth weight was 3.2 kg (IQR,
2.7−3.4). Most of children were breastfed (9/13; 69%) and
fed formula (10/13; 77%). Only 3 patients (23%) had siblings
attending school or a childcare centre.
The types of PID associated with the highest frequency
of RSV-ARI admission were CID (4/71; 5.6%) and CIDwASF
(6/147; 4%). The incidence of RSV-ARI admission was very
similar in the patients with immune dysregulation (1/59;
2%), CDPNF (1/61; 2%) and PID under investigation (1/60;
2%). None of the patients with innate immune defects (0/41)
required admission due to RSV-related ARI.
There were also 3 patients with nosocomial infection confirmed by detection of RSV during the hospital stay, but RSV
was not the primary reason for admission in these cases
(Table 1).

Immunoglobulin replacement therapy and RSV
prophylaxis
Five patients (38.5%) received immunoglobulin replacement therapy (IRT) for treatment of PID, 2 during the
episode of RSV infection (IgG trough levels, 500.3 mg/dL
and 1056 mg/dL, respectively). In the group patients for who
this information was available (11/13; 85%), the median IgG
trough level was 701.0 mg/dL (IQR, 500.3−1284.0).
Two patients (15.4%) received prophylaxis with
palivizumab during the RSV-ARI hospitalization. Three other
patients (23.1%) received prophylaxis with palivizumab only
in other RSV seasons. The median number of administered
doses of palivizumab was 6.0 per patient (IQR, 4.0---12.0).
The number of doses to be administered was determined

Patient characteristics.

Variable

n = 13

Age (years), median [IQR]
Male sex, n (%)
Birth weight (kg), median [IQR]
Weeks of gestation, median
[IQR]
Breastfeeding, n (%)

1.6 [0.5−2.2]
7 (54%)
3.2 [2.7−3.4]
39.1 [38.0−40.5]

Formula feeding, n (%)
Immunodeficiency
CID, n (%)
CIDwASF, n (%)
Immune dysregulation, n (%)
CDPNF, n (%)
Innate immune defect, n (%)
PID under evaluation, n (%)
Immunoglobulin replacement
therapy, n (%)
IgG trough levels (mg/dL),
median [IQR]
RSV prophylaxisa , n (%)
Antibiotic prophylaxis, n (%)
Antiviral prophylaxis, n (%)
Antifungal prophylaxis, n (%)
Immunosuppressive therapy, n
(%)
History of respiratory
infection, n (%)
Respiratory comorbidities
Wheezing, n (%)
Anatomical anomaliesb , n (%)
Other comorbidities, n (%)

10 (77%)

9 (69%)

4
6
1
1
0
1
5

(31%)
(46%)
(8%)
(8%)
(0%)
(8%)
(39%)

701.0 [500.3−1284.0]
2
7
3
4
4

(15%)
(54%)
(23%)
(31%)
(31%)

8 (62%)

3 (23%)
1 (8%)
8 (62%)

ARI, Acute respiratory infections; CDPNF, congenital defect of
phagocyte number or function; CID, combined immunodeficiency; CIDwASF, combined immunodeficiency with associated
or syndromic features; IQR, interquartile range; PID, primary
immunodeficiency; RSV, respiratory syncytial virus.
a Two patients received prophylaxis with palivizumab.
b Tracheomalacia (main bronchus stenosis) and chronic lung
disease in a patient with corrected tetralogy of Fallot and pulmonary atresia.

based on the judgment of the clinician: fewer doses were
given to patients receiving prophylaxis close to the end
of RSV season, and the greatest numbers corresponded to
patients that received prophylaxis for 2 consecutive RSV
seasons (mainly patients with other comorbidities, such as
congenital heart disease and/or pulmonary dysplasia).
Four of the 5 patients that received prophylaxis with
palivizumab had a diagnosis of CIDwASF including a congenital heart disease, and 1 patient had PID that was still being
evaluated. Overall, 6 patients had congenital heart disease:
pulmonary atresia with ventricular septal defect (n = 1),
tetralogy of Fallot (n = 1), corrected tetralogy of Fallot with
residual ventricular septal defect (n = 1), corrected ventricular septal defect (n = 1) and other congenital heart defects
(n = 2).
Of the 13 patients, 7 (54%) were receiving antibiotic prophylaxis, 3 (23%) antiviral prophylaxis, 4 (31%) antifungal
495

Table 3

Demographic and clinical characteristics of patients admitted to hospital due to RSV infection.
Age

Sex

Weeks
of
gestation

PID

Treatment
for
PID

Prophylaxis Hospital
LOS
with
palivizumab

Mechanical
ventilation

PICU
admission
and
LOS

Complications
during hospitalization

Viral
coinfection

1

6m

M

39

CID

IRT

No

23 d

Yes

Pneumonia

Cytomegalovirus

2

2y3
m

F

41

No

No

10 d

No

---

Adenovirus

3

7m

F

41

Immune
dysregulation
CIDwASF

Yes,
11 d
No

No

Yes

6d

No

No

---

4
5

3m
2y 2
m

F
F

41+6
35+6

CIDwASF
CIDwASF

No
No

No
Yes

7d
23 d

No
Yes

No
Yes, 5
d

-----

6

F

40

CDPNF

No

No

7d

No

No

M

---

CIDwASF

No

No

4d

No

No

---

Influenza A

M

38

CIDwASF

No

No

4d

No

No

---

---

M

40

CIDwASF

No

No

5d

No

No

---

---

M

38

CID

IRTI

No

14 d

No

No

---

Adenovirus

11

1y5
m
1y6
m
5y1
m
1y8
m
2y3
m
4m

Bacterial
superinfection
--Bacterial
superinfection
---

M

39

CID

IRTI

No

101 d

Yes

Yes,
20 d

---

12

4m

F

39

CID

IRTI

No

57 d

Yes

Yes. -

Pneumonia,
apnoea,
bacterial
superinfection
Pneumonia

13

3 y 10
m

M

36

PID
under
study

IRTI

No

6d

No

No

---

7
8
9
10

---

Cytomegalovirus,
parainfluenza type
3
---

ARI, acute respiratory infection; CDPNF, congenital defects of phagocyte number or function; CID, combined immunodeficiency; CIDwASF, combined immunodeficiency with associated
or syndromic features; d, days; F, female; IRT, immunoglobulin replacement therapy; LOS, length of stay; M, male; m, months; PICU, paediatric intensive care unit; PID, primary
immunodeficiency; RSV, respiratory syncytial virus; y, years.
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prophylaxis and 4 (31%) immunosuppressive drugs during
their hospital stay for RSV-related ARI.

Length of stay and treatment
The median length of stay was 8.5 days (IQR, 6.0---23.0).
Four patients (30.8%) admitted due to RSV-related ARI were
admitted to the PICU during their stay for a median of 11.0
days (IQR, 5.0---20.0).
Of the 13 patients, 9 (69.2%) required oxygen therapy for a median of 5.0 days (IQR, 4.0---15.0), 4 (31%)
required mechanical ventilation for a median of 15.0 days
(IQR, 10.0---42.0) and 2 (15%) required continuous positive
airway pressure. In one patient, there were no records
regarding treatment during the hospital stay. One patient
(8%) required inotropic support, and none required extracorporeal membrane oxygenation, surfactant therapy or
cardiopulmonary resuscitation.
Although the use of ribavirin remains controversial,15,16
2 patients (15%) received it: 1 (8%) as monotherapy, and 1
(8%) in combination with palivizumab.

Complications and coinfection
Of the 13 patients, 5 (39%) developed complications during
the hospital stay. Pneumonia and bacterial/fungal superinfection each developed in 3 patients (23%). The pathogens
isolated in these patients were Haemophilus influenzae
(n = 1; 8%), Klebsiella spp, Staphylococcus aureus (n = 1;
8%), and Pneumocystis jirovecii (n = 1; 8%). The patient with
infection by Pneumocystis jirovecii infection had a CID.
Cytomegalovirus coinfection was detected in 2 patients
(15%), both with a CID. Other viral coinfections were diagnosed in 4 patients (31%): adenovirus (n = 2), influenza A
virus (n = 1) and parainfluenza virus type 3 (n = 1).
One patient that had undergone stem cell transplantation
died of sepsis caused by Pseudomonas aeruginosa. There
were no other deaths.

Discussion
Globally, ARIs remain one of the leading causes of morbidity and mortality in children under 5 years, and human
RSV is the viral pathogen identified most frequently in children with ARI. It is estimated that 10% of episodes of RSV
infection require hospital admission. Shi et al. estimated
an annual rate of hospital admission due to RSV-related ARI
of 0.16% (95% confidence interval, 0.1−0.25) in developed
countries.17 In a nationwide survey conducted in Japan,
children with PID were 10 times as likely to require admission due to RSV-related ARI (1.6% over a 10-year period,
15 patients out of 910).18 In our study, the overall incidence of RSV-ARI admission in children with one of the PIDs
considered to carry a high-risk of hospitalization was 3.0%
in a 5-year period. This was very similar to the frequency
reported in other studies, including the one by DomínguezPinilla et al., who found an incidence of 6.5% in children
under 15 years with acquired or primary immunodeficiency
in a 5-year single centre retrospective study in Spain. However, only 1 of those children had a PID (SCID). The remaining

8 children had solid cancer (n = 3) or blood cancer (n = 5).
Although roughly one third of patients in that study received
palivizumab, which was consistent with our findings, half of
the patients in the study had congenital heart defects.19
In our study, the median length of stay was 8.5 days, much
lower compared to the median hospital stay in the study
from Domínguez-Pinilla et al. (20 days)17 and in the Japanese
nationwide survey of PID patients (10.5 days),16 but greater
than the median length of stay described in children in the
general population admitted to hospital due to RSV (3---6.9
days).20,21
In a cohort of 406 children hospitalized for RSV infection in the 1999---2007 period, Thorburn et al. observed that
pre-existing diseases and comorbidities, including primary
immunodeficiencies, were associated with an increased frequency of PICU admission and higher mortality.9 In a cohort
study that included 117 immunocompromised paediatric
patients with primary or acquired immunodeficiency and RSV
infection carried out between 2006 and 2011, Asner et al.
found a frequency of ICU admission greater than 20% and
a mortality of 5%.22 Our findings were similar, as 4 of the
patients admitted due to RSV-related ARI in our study (30.8%)
required admission to the PICU during their stay, although
there were no RSV-related deaths.
Cell-mediated immunity plays a more critical role in
the control of most viral infections than antibody-mediated
immunity. In this regard, there is evidence that deficiencies
in systemic CD4+ and CD8 + T-cell responses may contribute
to RSV susceptibility in the elderly, who have lower levels of RSV-specific CD4+ and CD8 + T cells compared to
younger adults.23,24 Immunosuppressive drugs prescribed to
solid organ transplant recipients may also have an inhibitory
effect on T cells, thus impairing the ability of these patients
to clear opportunistic RSV infections, which results in more
severe disease.25 Similarly, haematopoietic stem cell transplant recipients are also at increased risk of severe RSV
infection, and peripheral blood lymphopaenia has been identified as a specific risk factor for LRTI by RSV.26---28 In addition,
conventional CD4 + T cells from infants infected by RSV produce low amounts of IL-2, which is required for the effective
generation of effector and memory CD8 + T cells.29,30 In our
study, nearly 80% of the patients hospitalized due to RSV-ARI
had CID or CIDwASF, both classifications that include cellular
immunodeficiencies.
One of the limitations of the study is its design, as we
did not collect data on patients with PID that were not
hospitalized.
The low incidence of RSV-ARI admission in children with
PID also posed a barrier to learning about the risk factors
for RSV-ARI. As a result, we were unable to properly pursue
the secondary objective of the study, which was to assess
RSV-related ARI severity in relation to risk factors previously
found to be significantly associated with this disease, such
as such as prematurity and low birth weight.31
The low admission rate was comparable to the rate
observed in late preterm infants, but comorbidities in PID
children are quite different.32,33 In addition, the incidence of
RSV-ARI admission in children with PID could be even higher,
as children with antibody deficiencies, who were not eligible
for this study, could add to the number of RSV-related hospital admissions. However, it should also be taken into account
that comorbidities can also contribute to hospitalization and
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to development of severe RSV-ARI and, therefore, increased
risk of severe disease.
In conclusion, in the group of paediatric patients with
PIDs, RSV infection requiring hospital admission is more frequent in patients with CID or CIDwASF. Special attention
should be devoted to the prevention of RSV infection in
patients with these disorders.
The results of this study suggest that the implementation
of measures to prevent nosocomial RSV infections in paediatric patients with PID should be mandatory during epidemic
seasons. Further studies are needed to confirm these results.
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Madrid, Spain; Joaquín Dueñas Morales, General Pediatrics,
Infectious Diseases and Inmunodeficiencies Unit, Department of Paediatrics, Hospital Universitario Son Espases,
498

Anales de Pediatría 96 (2022) 492---500
Palma de Mallorca, Spain; Instituto de Investigación Sanitaria Illes Balears (IdISBa), Palma de Mallorca, Spain
17.

References
1. Simoes EA. Respiratory syncytial virus infection. Lancet.
1999;354:847---52.
2. Lanari M, Vandini S, Capretti MG, Lazzarotto T, Faldella G. Respiratory syncytial virus infections in infants affected by primary
immunodeficiency. J Immunol Res. 2014;2014:850831.
3. Nair H, Nokes DJ, Gessner BD, Dherani M, Madhi SA, Singleton
RJ, et al. Global burden of acute lower respiratory infections
due to respiratory syncytial virus in young children: a systematic
review and meta-analysis. Lancet. 2010;375:1545---55.
4. Russell CD, Unger SA, Walton M, Schwarze J. The human immune
response to respiratory syncytial virus infection. Clin Microbiol
Rev. 2017;30:481---502.
5. Sigurs N, Gustafsson PM, Bjarnason R, Lundberg F, Schmidt S,
Sigurbergsson F, et al. Severe respiratory syncytial virus bronchiolitis in infancy and asthma and allergy at age 13. Am J Respir
Crit Care Med. 2005;171:137---41.
6. Sommer C, Resch B, Simöes EA. Risk factors for severe respiratory syncytial virus lower respiratory tract infection. Open
Microbiol J. 2011;5:144---54.
7. Kim YJ, Boeckh M, Englund JA. Community respiratory virus
infections in immunocompromised patients: hematopoietic
stem cell and solid organ transplant recipients, and individuals with human immunodeficiency virus infection. Semin Respir
Crit Care Med. 2007;28:222---42.
8. Resch B, Manzoni P, Lanari M. Severe respiratory syncytial
virus (RSV) infection in infants with neuromuscular diseases and immune deficiency syndromes. Paediatr Respir Rev.
2009;10:148---53.
9. Thorburn K. Pre-existing disease is associated with a significantly higher risk of death in severe respiratory syncytial virus
infection. Arch Dis Child. 2009;94:99---103.
10. Choi JH, Choi EH, Kang HJ, Park KD, Park SS, Shin HY, et al.
Respiratory viral infections after hematopoietic stem cell transplantation in children. J Korean Med Sci. 2013;28:36---41.
11. Kristensen K, Hjuler T, Ravn H, Simões EA, Stensballe LG.
Chronic diseases, chromosomal abnormalities, and congenital
malformations as risk factors for respiratory syncytial virus hospitalization: a population-based cohort study. Clin Infect Dis.
2012;54:810---7.
12. Shah DP, Ghantoji SS, Shah JN, El Taoum KK, Jiang Y, Popat
U, et al. Impact of aerosolized ribavirin on mortality in 280
allogeneic haematopoietic stem cell transplant recipients with
respiratory syncytial virus infections. J Antimicrob Chemother.
2013;68:1872---80.
13. Gaboli M, de la Cruz ÒA, de Agüero MI, Moreno-Galdó A, Pérez
GP, de Querol MS. Use of palivizumab in infants and young children with severe respiratory disease: a Delphi study. Pediatr
Pulmonol. 2014;49:490---502.
14. Mori M, Morio T, Ito S, Morimoto A, Ota S, Mizuta K, et al. Risks
and prevention of severe RS virus infection among children with
immunodeficiency and Down’s syndrome. J Infect Chemother.
2014;20:455---9.
15. Mejias A, Ramilo O. New options in the treatment of respiratory
syncytial virus disease. J Infect. 2015;71 Suppl 1:S80---7.
16. Alansari K, Toaimah FH, Almater DH, El Tatawy LA, Davidson BL, Qusad MIM. Monoclonal antibody treatment of RSV

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

499

bronchiolitis in young infants: a randomized trial. Pediatrics.
2019;143:e20182308.
Shi T, McAllister DA, O’Brien KL, Simoes EAF, Madhi SA, Gessner
BD, et al. Global, regional, and national disease burden estimates of acute lower respiratory infections due to respiratory
syncytial virus in young children in 2015: a systematic review
and modelling study. Lancet. 2017;390:946---58.
Nanishi E, Hoshina T, Takada H, Ishimura M, Nishio H, Uehara T,
et al. A nationwide survey of common viral infections in childhood among patients with primary immunodeficiency diseases.
J Infect. 2016;73:358---68.
Domínguez-Pinilla N, Belda Hofheinz S, Vivanco Martinez JL,
Baro-Fernández M, Ruiz-Contreras J, González-Granado LI. Respiratory syncitial virus in immunocompromised patients in
a pediatric hospital: 5 years experience. An Pediatr (Barc).
2015;82:35---40.
Sruamsiri R, Kubo H, Mahlich J. Hospitalization costs and length
of stay of Japanese children with respiratory syncytial virus: A
structural equation modeling approach. Medicine (Baltimore).
2018;97:e11491.
Helfrich AM, Nylund CM, Eberly MD, Eide MB, Stagliano DR.
Healthy Late-preterm infants born 33-36+6 weeks gestational
age have higher risk for respiratory syncytial virus hospitalization. Early Hum Dev. 2015;91:541---6.
Asner S, Stephens D, Pedulla P, Richardson SE, Robinson J,
Allen U. Risk factors and outcomes for respiratory syncytial
virus- related infections in immunocompromised children. Pediatr Infect Dis J. 2013;32:1073---6.
Cherukuri A, Patton K, Gasser RA Jr, Zuo F, Woo J, Esser MT,
et al. Adults 65 years old and older have reduced numbers of
functional memory T cells to respiratory syncytial virus fusion
protein. Clin Vaccine Immunol. 2013;20:239---47.
de Bree GJ, Heidema J, van Leeuwen EM, van Bleek GM,
Jonkers RE, Jansen HM, et al. Respiratory syncytial virus-specific
CD8+ memory T cell responses in elderly persons. J Infect Dis.
2005;191:1710---8.
Duncan MD, Wilkes DS. Transplant-related immunosuppression:
a review of immunosuppression and pulmonary infections. Proc
Am Thorac Soc. 2005;2:449---55.
Renaud C, Xie H, Seo S, Kuypers J, Cent A, Corey L, et al.
Mortality rates of human metapneumovirus and respiratory syncytial virus lower respiratory tract infections in hematopoietic
cell transplantation recipients. Biol Blood Marrow Transplant.
2013;19:1220---6.
Ljungman P, Ward KN, Crooks BN, Parker A, Martino R, Shaw PJ,
et al. Respiratory virus infections after stem cell transplantation: a prospective study from the Infectious Diseases Working
Party of the European Group for Blood and Marrow Transplantation. Bone Marrow Transplant. 2001;28:479---84.
Vakil E, Sheshadri A, Faiz SA, Shah DP, Zhu Y, Li L, et al.
Risk factors for mortality after respiratory syncytial virus lower
respiratory tract infection in adults with hematologic malignancies. Transpl Infect Dis. 2018;20:e12994.
Sananez I, Raiden S, Erra-Díaz F, De Lillo L, Holgado MP, Geffner
J, et al. Dampening of IL-2 function in infants with severe respiratory syncytial virus disease. J Infect Dis. 2018;218:75---83.
Williams MA, Tyznik AJ, Bevan MJ. Interleukin-2 signals during
priming are required for secondary expansion of CD8+ memory
T cells. Nature. 2006;441:890---3.
Shi T, Balsells E, Wastnedge E, Singleton R, Rasmussen ZA, Zar
HJ, et al. Risk factors for respiratory syncytial virus associ-

L.I. González-Granado, A. Martín-Nalda, L. Alsina et al.
ated with acute lower respiratory infection in children under
five years: systematic review and meta-analysis. J Glob Health.
2015;5:020416.
32. Natarajan G, Shankaran S. Short- and long-term outcomes
of moderate and late preterm infants. Am J Perinatol.
2016;33:305---17.

33. Rubin Z, Pappalardo A, Schwartz A, Antoon JW. Prevalence and
outcomes of primary immunodeficiency in hospitalized children
in the United States. J Allergy Clin Immunol Pract. 2018;6,
1705---1710.e1.

500

