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Introduction: Preterm infants are at risk of lower respiratory tract infections (LRTI),
including Respiratory Syncytial Virus (RSV) associated bronchiolitis, for which palivizumab
prophylaxis can be proposed. Our aim was to determine risk factors of very severe RSV
disease in children born before 34 weeks of gestation.

Methods: Among 2,101 infants born before 34 weeks of gestation in 3 maternity
wards between 2012 and 2017, the laboratory confirmed RSV-infected patients requiring
hospitalization before 12 months of corrected age were retrospectively included.
We collected data about the neonatal period, the palivizumab prophylaxis and the
hospitalization for a RSV-related LRTI. LRTI was considered as very severe (VS-LRTI)
when patients required invasive or non-invasive positive pressure ventilation.

Results: Among 86 included patients, 31 met the criteria of VS-LRTI. The
VS-LRTI patients had a higher birth gestational age and weight but less heart
disease and bronchopulmonary dysplasia. They received palivizumab prophylaxis less
frequently than the other patients but the difference was not significant. At the onset
of infection, VS-LRTI patients had a younger corrected age for prematurity and
presented more frequently with apnea, bradycardia, life-threatening event, hemodynamic
failure, hypercapnia. Using logistic regression, the main factor associated with
VS-LRTI was a younger corrected age for prematurity at the onset of infection
[Odd ratio for each month of corrected age =0.77 (0.62; 0.93), p = 0.012].
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Conclusion: Infants at the highest risk of VS-LRTI were infants with a younger corrected
age for prematurity. Therefore, a better targeting of infants requiring palivizumab
prophylaxis and early interventions at hospital discharge could limit VS-LRTI in

these infants.

Keywords: cohort study, RSV, bronchiolitis, preterm, palivizumab, LRTI

INTRODUCTION

Despite an outstanding improvement in the neonatal intensive
care, preterm birth complications remain the leading cause
of death under 5-year-old (1). Preterm infants face multiple
complications at short, mid or long term and are at risk to
develop bronchopulmonary dysplasia, causing an alteration of
the constitution of the lung and of its function (2). Given this
pulmonary vulnerability, preterm infants are at risk to develop
lower respiratory tract infections (LRTI) including Respiratory
Syncytial Virus (RSV) associated bronchiolitis.

RSV is responsible for a high burden in young infants during
winter outbreaks each year. It represents the most common
cause of hospital admission for acute LRTI and in France
30% of children under 2 years old are infected each year,
of which 2% require hospitalization (3). Among RSV-infected
patients, preterm infants are at higher risk of complications,
hospitalization in Pediatric Intensive Care Unit (PICU) and
non-invasive and invasive ventilation (4). Each year 63.8
hospitalizations and 1.04 deaths per 1,000 premature children
are related to an RSV infection worldwide (5). To reduce the
prevalence and burden of this disease, palivizumab, a humanized
monoclonal antibody against the RSV F protein is reccommended
in population at risk of severe outcome, including very
preterm infants and infants with bronchopulmonary dysplasia or
hemodynamically significant congenital heart disease (6).

The subtle identification of the factors associated with the
occurrence of severe RSV infection could enhance the prevention
and management of such disease, including palivizumab but also
targeted prevention. In the overall population, risks of severe
disease have been explored and are prematurity, a younger
age, the presence of a comorbidity, environmental factors and
viral co-infection (7). Moreover, some studies have focused on
infants born at 33-35 weeks of gestation to discuss the interest
to extend indications of palivizumab in high-risk late preterm
babies (8). However, if such factors are well identified in term
and late-preterm neonates, few data are available concerning
the risk factors of severe RSV infections in very and extreme
preterm babies.

The aim of the present study was to determine risk factors of
very severe RSV disease in a population of infants born before 34
weeks of gestation who were hospitalized for an RSV infection.

METHODS

A large database including all neonates born in one of the
3 maternity wards of the University Hospital of Lyon (HCL;
Hospices Civils de Lyon) from January 01, 2012 to December 31,

2017, with parents living in Lyon or the suburb areas was built as
previously described (9). In Lyon and its suburb areas, the Hépital
Femme Mére Enfant (HCL) is the single pediatric hospital with a
PICU ward, so it centralizes all infants requiring hospitalization
at risk of organ failure, especially all ex preterm babies. The quasi-
exhaustivity of the birth cohort allows considering the cohort
and the management of hospitalized patients presented herein as
representative of the whole cohort.

For the purpose of the present study, we focused on infants
born before 34 weeks of gestation. This cohort was cross-
referenced with the database of the HCL laboratory to identify
ex preterm infants who were subsequently hospitalized in the
Hopital Femme Meére Enfant for an RSV infection. Of note, in
this hospital all infants with a LRTI requiring hospitalization
are swabbed for viral test and RSV is systematically searched
by RT-PCR. Infants who were hospitalized before 12 months of
corrected age for prematurity were included in this retrospective
cohort study. Corrected age is the age calculated by taking the
chronological age of the infant and subtracting the number of
weeks the infant was born prior to term.

Data concerning the perinatal and neonatal periods were
collected from the ICCA software (Philips®, Suresne, France)
which prospectively encodes medical information during NICU
hospitalization until home discharge. Collected data included
birth conditions and parameters, complications (cardiac,
respiratory, neurological), presence of siblings, month and
age at discharge, administration of palivizumab prophylaxis.
Bronchopulmonary dysplasia was defined as oxygen and/or
positive pressure ventilation requirement at 36 weeks (2).
Small for gestational age was defined as a birth weight <
10th percentile for gestational age. Data concerning the RSV
infection were retrieved by reviewing the medical records of
the emergency room visit and hospitalization. Data about the
environment (precariousness, passive smoking, breastfeeding
at the onset of bronchiolitis, childcare in the community) were
collected. Breastfeeding was considered even if not exclusive.
Precariousness was defined by numerous situations that were
identified in the medical records, including migrant family,
homeless family, single-parent family, unemployed parents,
etc. The clinical presentation at the LRTI onset, the presence
of viral co-infections, the laboratory and X-ray findings, the
management including the ward of hospitalization (PICU
or pediatric ward), the need for ventilation and/or oxygen
supply, the administration of antibiotics, bronchodilators or
corticosteroids were also collected.

LRTI was considered as very severe (VS-LRTI) when patients
required a positive pressure ventilation (including mechanical
ventilation, CPAP, NIPPV, high flow nasal cannula) with or
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without oxygen. LRTI requiring only passive oxygen using
hood/tent or low flow cannula (without positive pressure), were
not considered as very severe.

Statistical analysis was performed using R version (Cran,
v3.8). Quantitative variables were expressed as medians and
interquartile range (IQR) or mean =+ standard deviation,
qualitative variables as numbers and percentages. VS-LRTT and
non VS-LRTI groups were compared using t-test (quantitative
variables with equal variances), welch test (quantitative variables
with unequal variance), Mann-Whitney test (quantitative
variables with a not normal distribution) or chi two test
(qualitative variables).

To identify risk factors of VS-LRTI among ex preterm patients
hospitalized for a RVS-related infection, a logistic regression was
performed, with an adjustment for the variables with a significant
difference between the 2 groups of patients and for clinically
relevant variables. Of note the gestational age, the birth weight
and the postnatal age were not included since the item “corrected
age” was directly linked to these items and was included in
the regression model. The administration of palivizumab was
included in the model given the previous literature data showing
its impact in decreasing the VS-LRTT (8). The factor “childcare
in the community” was not included since it was directly linked
to the corrected age: in France the maternity leave begins at
birth and ends at 10 weeks after the theoretical date of term,
and children are not in the community during this period so the
younger patients were never exposed to this confounding factor.

A p-value under 0.05 was considered as significant.

The data file was registered to the French data protection
authority (Commission Nationale de I'Informatique et des Libertés,
MRO003 N°18-07304/05/2018). This study was observational and
used anonymous data. In accordance with French regulations,
parents were informed of the study by postal mail, and were given
the possibility to refuse to participate, but Ethics Committee
approval was not required.

RESULTS

During the 6-year study period, 2,101 neonates were born before
34 weeks of gestation in the University Hospital of Lyon. Mean
gestational age was 30.2 weeks and mean birth weight was 1,460
grams. Sixteen percent (n = 325) of the patients presented with a
bronchopulmonary dysplasia. Before 12 months of corrected age
for prematurity, an hospitalization related to RSV-LRTT occurred
in 93 patients. Five patients were excluded from the analysis
because this infection occurred during the NICU hospitalization
and two because the medical record was not retrieved. No
parents refused participation. Thus, 86 patients were included
in the present analysis, 31 of them meeting the criteria of
VS-LRTI (Figure 1).

At birth, patients in the VS-LRTI group had a higher birth
gestational age and birth weight but less congenital heart disease
and bronchopulmonary dysplasia (Table 1). A lower proportion
of patients in the VS-LRTI group received palivizumab but the
difference between the 2 groups was not statistically significant
(p = 0.051).

2101 neonates born <34 weeks
in the University Hospital of Lyon
between 2012 and 2017

93 neonates with a positive test
for RSV before 12 months of
corrected age

Exclusion:

- 5 neonates with RSV-
LRTI during NICU stay

- 2 neonates without
medical record

86 neonates included in the
study

55 neonates with a
non very severe LRTI

31 neonates with a
very severe LRTI

FIGURE 1 | Flow chart of the study cohort, including all ex preterm infants
born before 34 weeks of gestation in one of the 3 maternity wards of the
University Hospital of Lyon between 2012 and 2017.

At the onset of infection, patients with VS-LRTI were younger
(corrected age for prematurity 1.52 vs. 4.02 months in the non
VS LRTI group, p < 0.01) (Table 2). Apnea, bradycardia, life-
threatening event, hemodynamic failure were more frequent in
the VS LRTI patients, as well as hypercapnia and high C-reactive
protein (CRP) value.

All patients requiring ventilation support were in the VS-LRTI
group according to the definition of this group (Table 3). Among
the 31 patients with a VS-LRTI, 6 (19%) required mechanical
ventilation. Corticosteroids and bronchodilators were more
frequently administered in non VS-LRTI patients than in VS-
LRTI patients.

In the logistic regression analysis, the main factor associated
with a VS-LRTT in ex preterm patients was a younger corrected
age at the onset of infection [Odd ratio for each month of
corrected age = 0.77 (0.62; 0.93), p = 0.012] (Table 4).

DISCUSSION

In the present study, we explored the risk factors of VS-LRTI
in a cohort of 86 ex preterm patients hospitalized for RSV
infection during their first year of corrected age. Based on a
logistic regression model we showed that a younger corrected
age for prematurity at the onset of infection was the main factor
associated with VS-LRTI.

The impact of a young corrected age on the severity of
the LRTI is consistent with previous findings (10). This can
be explained by the pathophysiology of bronchiolitis: epithelial
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TABLE 1 | Medical history and demographic characteristics of the 86 preterm
babies hospitalized for a RSV-LRTI in Lyon between 2012 and 2017.

TABLE 2 | Baseline characteristics at the onset of hospitalization in 86 preterm
babies hospitalized for a RSV-LRTI in Lyon between 2012 and 2017.

Very severe Non very severe P Very severe Non very severe p
RSV-LRTI RSV-LRTI RSV-LRTI RSV-LRTI
(n=31) (n = 55) (n=31) (n = 55)
Gestational age (weeks) 30.8 (+£1.75) 29.5 (£2.67) <0.01 Corrected age 1.562 (+£2.63) 4.02 (+£3.54) <0.001
Birth weight (grams) 1,602 (£472) 1,333 (+£470) 0.014  for prematurity
Small for gestational age 3(9.7%) 10 (18%) 03  (months) .
Boys 19 (61%) 27 (49%) 0.08 Chronological 3.26 (£2.78) 6.20 (£3.88) <0.001
age (months)
i i o) 0
Vaginal delivery . 14 45%) 1324%) 0039 Rovseasonof 2012 6 (19%) 6 (11%) 0.048
Bronchopulmonary dysplasia 3 (10%) 16 (30%) 0.035 infection 2013 4 (13%) 12 (22%)
Congenital heart disease 0 (0%) 9 (17%) 0.023 2014 1 (3.2%) 8 (15%)
Precariousness 9 (29%) 9 (16%) 0.17 2015 12 (39%) 9 (16%)
Passive smoking 8 (33%) 22 (46%) 0.31 2016 1(3.2%) 9 (16%)
Breastfeeding 7 (23%) 11 (20%) 0.78 2017 7 (23%) 11 (20%)
Community childcare 1(3.4%) 12 (28%) <0.01 Apnea and/or 16 (52%) 10 (18%) ~0.01
Siblings 283 (74%) 36 (72%) 0.83 cyanosis
Palivizumab prophylaxis 7 (23%) 24 (44%) 0051  Bradycardia 14 (45%) 7 (13%) ~0.001
and/or
Date are expressed as mean (+SD, standard deviation) and n (%). life-threatening
event
Respiratory 29 (97%) 48 (87%) 0.25
injuries related to the virus can lead to mucus accumulation — distress
and bronchiole obstruction that is increased in the smallest — Cough 21 (68%) 40 (73%) 0.62
babies who present with a low diameter of the bronchioles. ~ Hemodynamic 10 (32%) 7 (13%) 0.029
Moreover, the viral load in the respiratory tract is increased U
in the younger infants because of a low production of specific Btedkuced food 28 (90%) 42 (76%) 011
. . . . . . INntaxke
antibodies (11). The implementation of advices and prophylaxis
. . . . Fever 10 (32%) 27 (49%) 0.13
should target the neonates directly at the hospital discharge since
. . . . . Hypercapnia > 27 (93%) 4 (24%) <0.001
the younger age is the main risk factor of very severe infection. 0,
rprisingl ncerning strategies of prevention, if literatur:
_Su prisingly, concerning strategies ° P 'eve tion, . ‘t'e‘atu € Hyperleukocytosis 5 (23%) 5 (28%) 0.73
is abundant about monoclonal antibodies or possibilities of  _ "7 o/
maternal-fetal immunization using vaccines during pregnancy o atemia 5 (20%) 0 (0%) 0.056
(12), data are lacking about simple methods of prevention - 135mmollL
including masks, hydroalcoholic gel and education of parents.  GRP highest 49.5 (12.3; 105.0) 17.0 (2.0; 44.6) 0.049
We could extrapolate strategies from the recent experience  value (mg/L)
of COVID19 pandemics. In this context, a study highlighted  Acidosis (pH < 24 (83%) 3(18%) <0.001

that application of preventive measures was higher if the
patient had a high risk perception, and authors concluded that
developing effective health education programs and frequent
communication strategies are necessary (13). Similar preventive
strategies should be recommended for RSV prevention, since it
has been shown a significant decrease of RSV prevalence during
COVID19 pandemics, suggesting that these preventive measures
are also active against RSV transmission (14).

In our population-based study of infants born before 34
weeks of gestation, we observed a hospitalization rate of 4.4%.
It is less than the data of a previous meta-analysis (5) who
reported a global incidence of RSV associated hospitalization
among preterm infants of 6.38 per 100 children, 3 times greater
than for term children < 1 year of age. Moreover, in a cohort
of 2,571 French children born before 32 weeks of gestation,
Charkaluk et al. found an incidence rate for LRTT of 52.2%
at 1l-year corrected of age, but the cases were identified by
parental questionnaire and included both hospitalized and non-
hospitalized episodes (15). The slight difference of hospitalization

7.35)

CRR, C-reactive protein.
Date are expressed as mean (+SD,
(interquartile range).

standard deviation), n (%) or median

rate could be the consequence of focusing the analysis on
only one hospital in our study. In addition, our study focused
on RSV-related bronchiolitis, whereas other studies included
all bronchiolitis.

The incidence of congenital heart disease,
bronchopulmonary dysplasia or low gestational age at birth
in the VS LRTI group was an unexpected result. However,
this could be a direct effect of the palivizumab prophylaxis,
which targets especially these infants at risk of RSV VS-LRTI.
This hypothesis is reinforced by the fact that in our study the
incidence of palivizumab prophylaxis was lower in the VS LRTI
group. We can assume that children at higher risk received the
prophylaxis, which prevented them from hospitalization, and

lower
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TABLE 3 | Management of the 86 preterm babies hospitalized for a RSV-LRTI in
Lyon between 2012 and 2017.

Very severe Non very severe P
RSV-LRTI RSV-LRTI
(n=31) (n =55)
PICU admission 29 (94%) 5(9.1%) <0.001
Oxygen hood/tent 10 (32%) 8 (156%) 0.053
Low flow oxygen 20 (65%) 28 (51%) 0.22
High flow nasal canula 20 (65%) 0 (0%) <0.001
CPAP 19 (61%) 0 (0%) <0.001
NIPPV 15 (48%) 0 (0%) <0.001
Non-invasive NAVA 7 (23%) 0 (0%) <0.001
Mechanical ventilation 6 (19%) 0 (0%) <0.01
Highest level of FIO2 (fraction)  0.30 (0.28; 0.51) NA NA
Salbutamol administration 9 (29%) 35 (64%) <0.01
Antibiotics administration 17 (65%) 20 (36%) 0.097
Corticosteroids administration 8 (26%) 33 (60%) <0.01
Length of stay (days) 12.0 (6.5; 19.5) 4.0 (2.0;6.8) <0.001

PICU, pediatric intensive care unit; CPAF, continuous positive airway pressure; NIPPV,
Nasal intermittent positive pressure ventilation; NAVA, Neurally adjusted ventilatory assist;
FIO2, fractional concentration of inspired oxygen; NA, not available.

Highest level of FiO2 was available only for patients of the very severe RSV-LRTI group.
Date are expressed as n (%) or median (interquartile range).

TABLE 4 | Logistic regression model exploring the risk factors of very severe LRTI
in the cohort of 86 preterm babies hospitalized for a RSV-LRTI in Lyon between
2012 and 2017.

Odds-ratio p
(95% ClI)
Corrected age for 0.77 (0.62; 0.93) 0.012
prematurity (months)
Bronchopulmonary No Reference -
dysplasia Yes 0.56 (0.09; 3.05) 0.510
Palivizumab No Reference -
Yes 0.74 (0.19; 2.68) 0.650

95% ClI, 95% confidence interval.

therefore are not part of the VS LRTI group. Those results are
consistent with those of Butt et al. who found that more than
88% of PICU admission with RSV infection would not qualify
for RSV prophylaxis, although the study had been conducted
among premature and term infants (16). The recommendations
for palivizumab prophylaxis in the NICUs of our region are
either a gestational age at birth < 29 weeks or a gestational
age at birth between 29 and 32 weeks with bronchopulmonary
dysplasia and another risk factor (siblings, growth restriction,
passive smoking) or congenital abnormalities at high risk of
LRTI (hemodynamically significant congenital heart disease,
diaphragmatic hernia, etc.) (17). Among the 24 patients of
our cohort with a VS LRTI who did not receive palivizumab
prophylaxis, only 2 fulfilled these indications of palivizumab
(one born at 28 gestational weeks and one born at 30 gestational
weeks with bronchopulmonary dysplasia and siblings, to whom
prophylaxis have not been proposed).

In a previous study Charkaluk et al. found community care
and the presence of siblings to be risk factors of LRTT before 1-
year corrected age among their cohort of very preterm infants
(15). This was not observed in our cohort, but this result could
be correlated with the mean corrected age of 1.5 months at
hospitalization in the VS LRTI group. A very few proportions of
children are in community in this group since maternity leave’s
duration in France is 10 weeks after pregnancy term, so the
younger infants are usually cared at home.

Interestingly, the study of the clinical characteristics of
children in the VS LRTI group vs. the non VS LRTI group
distinguishes two profiles. The VS LRTI patients mainly
presented with apnea, bradycardia, life-threatening event and
hemodynamic failure, whereas non VS LRTI were older, with
a frequent cough and probably wheezing presentation since
they frequently received corticosteroid and bronchodilatators.
Previously, Ghazaly et al. showed that 66% of premature children
hospitalized in the PICU for bronchiolitis presented with apnea
(18). Moreover, another study concluded that age below 2 months
was the strongest independent risk factor for RSV associated
apnea (19). It can be explained by the immaturity of the
respiratory center of the brain, notably among very premature
children and the presence of larynx’s chemoreceptors sensitive
to RSV.

Of note, PICU admission was not necessarily a marker of
severity since in the study center the decision of PICU admission
was based on either the clinical severity of the patients, or the
vulnerability of the patient. Thus, some patients of the non-
very severe RSV-LRTT group were admitted to the PICU, due
to their vulnerability including for example extremely preterm
birth, even if their clinical status was stable.

The last point that we have observed is the differences of
severity between the 6 seasons of RSV outbreaks. This has already
been reported and seems to be related to the main viral strain that
is circulating each season (20).

This study has several limitations. First, the retrospective
design of the study could lead to missing data. This is particularly
true for some data that were not systematically recorded
(breastfeeding, type of childcare, precariousness), limiting the
possibility to analyze those items. Secondly, the decision of
ventilation or oxygen therapy (which was our primary outcome)
is clinical and therefore submitted to personal judgment of the
physician in charge, which in the context of high prematurity can
be increased. Third, we focused on RSV infection but it could
have been interesting to include all LRTI whatever was the virus
involved. Finally, it is possible that we have lost of follow up some
neonates that were born in one of the maternity wards of the
University Hospital of Lyon, but hospitalized in another hospital
outside Lyon area.

CONCLUSION

Efforts to better understand the risk factors associated with
severity in RSV related LRTI in very premature children are
necessary to elaborate more adapted preventive interventions
based on early interventions strategies and monitoring. A
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particular consideration should be given to the youngest infants
who are the population at the highest risk of severe infection.
Palivizumab is an expensive prophylactic strategy so it cannot be
generalized to the whole population of neonates. Moreover, it is
not sufficient to avoid RSV infection. Educational approach of
the families at the hospital discharge could help in decreasing the
rate of RSV transmission to vulnerable young infants. To improve
compliance to the preventive measures, a “RSV prevention kit”
could also be given to parents with documentation, masks and
hydroalcoholic gel, at the hospital discharge.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

REFERENCES

1. Liu L, Oza S, Hogan D, Chu Y, Perin ], Zhu J, et al. Global, regional,
and national causes of under-5 mortality in 2000-15: an updated systematic
analysis with implications for the sustainable development goals. Lancet.
(2016) 388:3027-35. doi: 10.1016/50140-6736(16)31593-8

2. Jobe AH, Abman SH. Bronchopulmonary dysplasia: a continuum of lung
disease from the fetus to the adult. Am ] Respir Crit Care Med. (2019)
200:659-60. doi: 10.1164/rccm.201904-0875ED

3. Simoes EAF. Environmental and demographic risk factors for respiratory
syncytial virus lower respiratory tract disease. ] Pediatr. (2003) 143 (5
Suppl.):S118-26. doi: 10.1067/50022-3476(03)00511-0

4. Law B, Macdonald N, Langley J, Mitchell I, Stephens D, Wang E, et al. Severe
respiratory syncytial virus infection among otherwise healthy prematurely
born infants: what are we trying to prevent? Paediatr Child Health. (1998)
3:402-4. doi: 10.1093/pch/3.6.402

5. Stein RT, Bont LJ, Zar H, Polack FP, Park C, Claxton A, et al. Respiratory
syncytial virus hospitalization and mortality: systematic review and meta-
analysis. Pediatr Pulmonol. (2017) 52:556-69. doi: 10.1002/ppul.23570

6. Andabaka T, Nickerson JW, Rojas-Reyes MX, Rueda JD, Bacic Vrca
V, Barsic B. Monoclonal antibody for reducing the risk of respiratory
syncytial virus infection in children. Cochrane Database Syst Rev. (2013)
4:CD006602. doi: 10.1002/14651858.CD006602.pub4

7. Tsou P, Vadivelan A, Kovvuri M, Garg N, Thangavelu M, Wang Y, et al.
Association between multiple respiratory viral infections and pediatric
intensive care unit admission among infants with bronchiolitis. Arch Pediatr.
(2020) 27:39-44. doi: 10.1016/j.arcped.2019.11.006

8. Strandk Z, Saliba E, Kosma P, Posfay-Barbe K, Yunis K, Farstad T, et al.
Predictors of RSV LRTI hospitalization in infants born at 33 to 35 weeks
gestational age: a large multinational study (PONI). PLoS ONE. (2016)
11:¢0157446. doi: 10.1371/journal.pone.0157446

9. Kramer R, Duclos A, VRS study group in Lyon, Lina B, Casalegno J-
S. Cost and burden of RSV related hospitalisation from 2012 to 2017
in the first year of life in Lyon, France. Vaccine. (2018) 36:6591-
3. doi: 10.1016/j.vaccine.2018.09.029

10. Ofman G, Pradarelli B, Caballero MT, Bianchi A, Alva Grimaldi L,
Sancilio A, et al. Respiratory failure and death in vulnerable premature
children with lower respiratory tract illness. J Infect Dis. (2020) 222:1129-
37. doi: 10.1093/infdis/jiaa046

11. Ward KA, Lambden PR, Ogilvie MM, Watt P]. Antibodies to respiratory
syncytial virus polypeptides and their significance in human infection. J Gen
Virol. (1983) 64:1867-76. doi: 10.1099/0022-1317-64-9-1867

12. Nicholson EG, Piedra PA. Premature infants with respiratory syncytial virus
(RSV): the need for both maternal and pediatric RSV prevention strategies.
Infect Dis. (2020) 222:1070-2. doi: 10.1093/infdis/jiaa034

13. Beca-Martinez MT, Romay-Barja M, Falcon-Romero M, Rodriguez-Blazquez
C, Benito-Llanes A, Joao Forjaz M. Compliance with the main preventive

ETHICS STATEMENT

Ethical review and approval was not required for the study
on human participants in accordance with the local legislation
and institutional requirements. Written informed consent from
the participants’ legal guardian/next of kin was not required
to participate in this study in accordance with the national
legislation and the institutional requirements.

AUTHOR CONTRIBUTIONS

GM and FP: acquisition of the data. GM, MBe, MBu, and J-SC:
interpretation of the data. GM and MBu: draft of the article.
All authors: revision of the manuscript and final approval of
the article.

measures of COVID-19 in Spain: the role of knowledge, attitudes,
practices, and risk perception. Transbound Emerg Dis. (2021) 10:1-12.
doi: 10.1111/tbed.14364

14. Casalegno JS, Ploin D, Cantais A, Masson E, Bard E, Valette M,
et al. Characteristics of the delayed respiratory syncytial
epidemic, 2020/2021, Rhéne Loire, France. Euro Surveill.
26:2100630. doi: 10.2807/1560-7917.ES.2021.26.29.2100630

15. Charkaluk M-L, Rousseau J, Dehouck-Vallois M, Jarreau P-H, Nuytten A,
Treluyer L, et al. Occurrence and severity of acute respiratory infections
during the first year among very preterm infants: an Epipage-2 cohort
analysis. Eur ] Pediatr. (2021) 180:1833-40. doi: 10.1007/s00431-021-0
3956-w

16. Butt ML, Symington A, Janes M, Elliott L, Steele S, Paes BA. The
impact of prophylaxis on paediatric intensive care unit admissions for RSV
infection: a retrospective, single-centre study. Eur J Pediatr. (2011) 170:907-
13. doi: 10.1007/s00431-010-1376-3

17. Réseau AURORE. Available online at: https://www.aurore-perinat.org/wp-
content/uploads/2017/07/PEC-04_Prevention-des-infections-respi-a- VRS_
V2.pdf (accessed January 22, 2022).

18. Ghazaly M, Nadel S. Characteristics of
intensive care with acute bronchiolitis. Eur
177:913-20. doi: 10.1007/s00431-018-3138-6

19. Kneyber MC, Brandenburg AH, de Groot R, Joosten KE Rothbarth PH, Ott
A, et al. Risk factors for respiratory syncytial virus associated apnoea. Eur J
Pediatr. (1998) 157:331-5. doi: 10.1007/s004310050822

20. Walsh EE, McConnochie KM, Long CE, Hall CB. Severity of respiratory
syncytial virus infection is related to virus strain. J Infect Dis. (1997) 175:814-
20. doi: 10.1086/513976

virus
(2021)

children admitted to
J  Pediatr. (2018)

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Mulot, Benchaib, Plaisant, Ploin, Gillet, Javouhey, Claris, Picaud,
Casalegno and Butin. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Pediatrics | www.frontiersin.org

July 2022 | Volume 10 | Article 884120


https://doi.org/10.1016/S0140-6736(16)31593-8
https://doi.org/10.1164/rccm.201904-0875ED
https://doi.org/10.1067/S0022-3476(03)00511-0
https://doi.org/10.1093/pch/3.6.402
https://doi.org/10.1002/ppul.23570
https://doi.org/10.1002/14651858.CD006602.pub4
https://doi.org/10.1016/j.arcped.2019.11.006
https://doi.org/10.1371/journal.pone.0157446
https://doi.org/10.1016/j.vaccine.2018.09.029
https://doi.org/10.1093/infdis/jiaa046
https://doi.org/10.1099/0022-1317-64-9-1867
https://doi.org/10.1093/infdis/jiaa034
https://doi.org/10.1111/tbed.14364
https://doi.org/10.2807/1560-7917.ES.2021.26.29.2100630
https://doi.org/10.1007/s00431-021-03956-w
https://doi.org/10.1007/s00431-010-1376-3
https://www.aurore-perinat.org/wp-content/uploads/2017/07/PEC-04_Prevention-des-infections-respi-a-VRS_V2.pdf
https://www.aurore-perinat.org/wp-content/uploads/2017/07/PEC-04_Prevention-des-infections-respi-a-VRS_V2.pdf
https://www.aurore-perinat.org/wp-content/uploads/2017/07/PEC-04_Prevention-des-infections-respi-a-VRS_V2.pdf
https://doi.org/10.1007/s00431-018-3138-6
https://doi.org/10.1007/s004310050822
https://doi.org/10.1086/513976
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

	Risk Factors of Very Severe RSV Infections in a Multicenter Cohort of Very Preterm and Extreme Preterm Babies Receiving or Not Palivizumab
	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	References


