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Abstract

Bronchiolitis is the most common infection of the lower airways of the 1st year. Infants with severe respiratory distress (2-3%) require
hospital care. The aim of the study is to evaluate the frequency of Respiratory Virus (VRS) infection, the usefulness of the diagnostic
score, the ventilatory support and the protective effect of vaccinations. 173 patients <2years admitted to 5 hospitals divided into two
groups on the basis of gestational age (EG) and weight (P) were enrolled: the first (1G) of 106 (EG 38.9<1 w, P 3253<385,7 g) and the
second (2G) of 67 (EG 35.6<2.44 w, P 2549.8<467.7 g). A severity score (SG) was used based on the presence of risk factors, of SaO2
<92%, respiratory distress. Age of onset, respiratory support, vaccinations, and prophylaxis with Palivizumab was evaluated.

The average age of onset is in 1G 108.5<99 days and 2G 157.29<134 days, the SG is 1G 1.5<0.54 and 2G 2.19<0.53 (p<0.05). In 1G treated
with non-invasive ventilation are 15%, in 2G 40%. 50% in 1G and 37% in 2G have benefited from the therapy. The etiology was sought in
103/173 (60%) and in 43% VRS was identified (41% in 1G versus 96% in 2G). 38.5% of 1G and 47.7% of 2G were vaccinated, 8.9% of 2G
received the first dose of Palivizumab.The study shows the role of VRS in the etiology of bronchiolitis in preterm infants with a high SG
and need for ventilation: can prophylaxis with Palivizumab reduce the hospitalization and improve respiratory outcome of the newborn?
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Introduction

Respiratory syncytial virus (RSV) is the most common cause of lower respiratory tract illness in infants and young children, causing
annual epidemics. RSV is estimated to cause up to 75% of all infant bronchiolitis and 40% of all pediatric pneumonias [1]. The
American Academy of Pediatrics Committee on Infectious Diseases (COID) in mid-2014 recommended against the use of RSV
IP among preterm infants born at 29 to 35wGA except for those with another qualifying medical condition, such as chronic lung
disease of prematurity (CLDP) or hemodynamically significant congenital heart disease (HS-CHD) [2]. Current Italian Guidelines
recommend with a Level of Evidence I and Strength of recommendation A that: for infants of 29-35 weeks gestational age and age
<6 months at the beginning of the epidemic season, prophylaxis with palivizumab might be taken into consideration in presence
of risk conditions predisposing to severe infections and/or need for hospitalization [3,4].

The aim of our study is to assess the incidence of RSV infection in correlation with the mechanical ventilatory support and the utility of
Bronchiolitis Respiratory Score. Also we point out the protect role of immunoprophylaxis to prevent the illness and to avoid hospitalization.

Material and Methods

We performed a prospective study on 173 infants <2 years old, hospitalized at the NICU Department and Pediatric Ward of 5
hospitals. The 173 infants were divided into two groups in according to gestational age (GA) and weight (W): Group 1 (106 patients)
with GA 38.9 £ 1 week and weight 3.253 + 385.7 gr and Group 2 (67 patients) with GA 34.9 + 2.3 week and weight 2.218 + 619.4 gr.
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At the admission at least one parent or legal guardian of each patient gave their written informed consent to collecting and
processing of personal data. The study protocol was performed according to Declaration of Helsinki.

We used a gravity score (GS), assessed the presence of perinatal risk factors (smoke, atopy, prematurity, chronic diseases), SaO,
<92%, respiratory distress (expiratory grunting, chest wall retractions, fast breathing, more than 70 per minute) and assigned to
any parameter a score from 1 to 3. We considered predictors of severity in bronchiolitis age (younger age predicts increased risk)
dehydration, increased work of breathing (retractions), tachycardia (heart rate > 97% for age), whereas it indicated a mild disease
an adequate oral intake, age > two months, history of eczema, initial oxygen saturation of at least 94%, lower respiratory rate, no
history of intubation, no or mild retractions [5].

We valued age at illness, ventilator support, etiology, seasonality, vaccinations, and immune prophylaxis with Palivizumab. At
admission all babies were subjected to a nasopharyngeal cotton swabs. We tested respiratory samples by PCR-real time (Filmarray
of Gamma Argene) to investigate virus (RSV, Influenza virus, parainfluenza virus, Adenovirus, and Rhinovirus) and bacteria.

Statistical Analysis

For nominal characteristics, the number of patients and percentages are given. Descriptive statistics were calculated for all
demographic and clinical variables. Quantitative measures were compared using the t-test. Statistical significance was set at levels
of p<0.05, p<0.01, and p<0.001.

Results
Results
Newborns Group 1 (106) term | Group 2 (67) preterm
-173 p
GA(W) 38,9 +-1 34,9 +-2,3 <0.01
BW (Kg) 3253+- 385,7 2218+-619, 4 <0.01
Perinatal factors 40/106 28/67 ns
(atopy, smoke, twins, 37, 7% 41,7%
maternal features)
Age at illness 80/106 43/67 <0.01
(<6 months) 75, 4% 64,1%
Gravity Score 1.5<0.54 2.19<0.53 <0.05
RSV 42/106 39, 6% 60/67 <0.01
89, 5%
NIV 16/106 27/67 <0.01
15% 40%
oxygenotherapy 53/106 25/67 ns
50% 37%
Vaccination 43/106 40, 5% 32/67 ns
47,7%
Immunoprophylaxis - 8,9 <0.01

Table 1: Results

The results show that the mean age at illness was 108.5 + 99 days in Group 1 and 157.29 + 134 days in Group 2, the GS was 1.5 +
0.54 in Group 1 and 2.19 + 0.53 in Group 2 (p< 0.05) (Table 1). We used noninvasive ventilation in 15% (16/106) of Group 1 and
40% (27/67) of Group 2, oxygen therapy in 50% of Group 1 and 37% of Group 2. The infants in 38.5% of group 1 and 47.7% of
Group 2 were been vaccinated and in 8.9% of cases in Group 2 were been administered Immunoprophylaxis with Palivizumab.
We found a significant difference in weight at birth, incidence of RSV, age at illness, noninvasive ventilation and in previous use of
immunoprophylaxis, whereas we noted no difference in risk factors (atopy, smoke, being twins, maternal disease, Graph 1), use of
oxigenotherapy and vaccination (Graph 1).

We looked for etiological agents in 132/173 (76%) patients and in 59% of cases we discovered RSV (Graph 2 and 3). In particular,
we found in term and preterm infants, respectively, RSV in 39.6% and 89.5%, Influenza virus in 11.3% and 1.5%, Parainfluenza
virus in 7.5% and 3%, Adenovirus in 0% and 1.5%, Rhinovirus in 0.9% and 1.5%, bacteria in 0.9% and 3%, whereas we did not
found any agent in 39.6% and 0%. Moreover in 8 infants we found another infection (Mycoplasma or Chlamydia) associated to
RSV.

We observed that preterm infants sickened <6 months old in 43.2% of cases (n. 29) and >6 months old in 56.7% (n. 38), whereas
term infants sickened <6 months old in 76.4% of cases (n. 81) and >6 months old in 23.5% (n. 25). Moreover we noticed that the
most patients with gravity score >2 were preterm and become sick in the first six months of life, whereas the most term infants
had a gravity score <2 (Graph 4). The most patients become sick in winter (118 cases), others in spring (36 cases) and autumn (19
cases) (Graph 5).
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Graph 3: Etiology in term and preterm
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Discussion

Our results demonstrates the RSV play a role in etiology of bronchiolitis in case of preterm newborns with high values of GS and
that need ventilation.

Respiratory syncytial virus (RSV) is the single most important cause of acute lower respiratory tract infection (ALRI) in infants,
associated with significant morbidity and, sometimes, mortality in industrialized nations [6].

A systematic review estimated the global incidence among children <1 year of age at 19.19 per 1000 infants per year and a threefold
higher rate for preterm infants with hospitalization costs of €2000-€4000 per patient [7,8]. In moderately preterm infants born at
32-35 weeks gestational age (WGA), it is reported that about 9% of infants require mechanical ventilation at a paediatric intensive
care unit (PICU) [9].

Medical conditions in young children associated with an increased risk of severe RSV disease include chronic lung disease of
prematurity (CLDP), hemodynamically significant congenital heart disease (HS-CHD), and preterm birth < 35 weeks’ gestational
age (WGA) [10-12]. Our data show that RSV is the main agent that plays a role in bronchiolitis and its incidence is higher in preterm
than term infants. Therefore a larger use of immunoprophylaxis could cut down the number of bronchiolitis events and/or decrease
the gravity. In clinical trials, palivizumab reduced RSV hospitalization rates for premature infants [6]. RSV immunoprophylaxis
(RSV IP) with palivizumab is the only safe and effective intervention approved for the prevention of severe RSV disease. RSV
IP has been shown to reduce hospitalizations for severe RSV disease in preterm infants < 35 wGA and children < 24 months of
age with CLDP or HSCHD compared with placebo in randomized, placebo-controlled clinical trials [13-15]. The current Italian
Guidelines recommend palivizumab prophylaxis for infants of 29-35 weeks gestational age (WGA) and chronological age. < 6
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months at the beginning of the epidemic season, in presence of risk conditions predisposing the infant to severe infections and/
or need for hospitalization [4]. These include attendance of the child in a community setting and/or presence of one or more
cohabitees younger than 5 years [16]. However, following the most recent modification by the American Academy of Pediatrics
based on American studies on RSV epidemiology [2]. In September 2016, the Italian Drug Agency (AIFA) decided the total
financial coverage of the palivizumab prescription to the healthy preterms by the National Health Service, should be limited to the
<29 wGA group and age <12 months at the beginning of the RSV epidemic season (RES) [17].

We observed that preterm infants sickened when are older than term infants. This could be explained because the first usually
are hospitalized in NICU for as long time and so would be protected and since they are administered immunoprophylaxis in first
months after discharge, contrary to preterm infants.

Our study showed a higher GS and a bigger use of noninvasive ventilation in Group 2 than Group 1, therefore a largest use of
immunoprophylaxis could decrease also the gravity of events and, subsequently, the use of noninvasive ventilation.

Although Blanken, et al. showed that targeted RSV prophylaxis results in an incremental cost-effectiveness ratio per quality-
adjusted life year gained and therefore is not a cost-effective strategy to prevent severe RSV infection and wheeze in the first year
of life, there are many studies that demonstrated the opposite [18].

Anderson, et al. demonstrated that the highest risk of severe RSV disease, as indicated by RSV-confirmed Hospitalization (RSVH),
ICU admission, and the need for IMV, was associated with earlier GA and younger chronologic age. The cost of the index RSVH
increased dramatically with increasing intensity of care, and in addition to hospital care, the majority of infants required outpatient
care for the current RSV disease both before and within 1 month following the index RSVH discharge. Substantial morbidity and
costs were identified among preterm infants 29 to 34wGA not receiving RSV IP based on the 2014 COID guidance but who would
have previously been recommended for RSV IP according to the 2009 and 2012 COID guidances. Preventing severe RSV disease in
this population would provide substantial health benefits, particularly during the first months of life when RSV disease incidence
and severity are highest [1].

Capizzi, et al. demonstrated that the prescription limitation on RSV immunoprophylaxis in preterms was associated in the 2016—
2017 RSV epidemic season with: a) a high proportion of admission for the <36 wGA infants, the great majority born at 33- <36
wGA and with chronological age of <6 months; b) a high proportion of preterms treated with HFNC ventilation, mostly in the at
33- <36 wGA subgroup [19].

Homara, et al. affirmed that palivizumab can significantly reduce the burden of severe disease in high-risk children.27 28 As their
previous analyses have shown that Indigenous children and high-risk children are likely to be hospitalized more frequently due to
RSV, 12 those children who are aged <6 months during the RSV season or who have older siblings at home may be considered for
prophylactic administration of palivizumab [20].

The analysis of Sanchez-Luna, et al. showed that palivizumab could be considered a cost-effective strategy to prevent the RSV
infections and its sequelae independently of the perspective used and that it is efficient for preventing from RSV infections in
preterm infants 32day 1-35day 0 wGA in Spain, including specific high risk subgroups [21]. Also Zuccotti, et al. affirmed that
extending palivizumab prophylaxis to babies’ 29-32 wGA, aged less than 6 months, appears to be a cost-effective strategy [22].

Picone, et al. founded a rising trend in rate of bronchiolitis and bronchiolitis requiring hospitalization from 2014-2015 to 2016-2017
epidemic season. Among hospitalized bronchiolitis, they showed an increased morbidity as suggested by the need of intubation
procedures in a high proportion of hospitalizations during second season. Additionally, bronchiolitis and hospitalization occurred
in subjects with younger chronological age in 2016-2017 compared with 2014-2015 [23]. Immunoprophylaxis with Palivizumab
could decrease the number of hospitalization in NICU and improve respiratory outcome.

The high efficacy of palivizumab prophylaxis compared to no prophylaxis would result in a substantial number of prevented
hospitalizations and generated a high number of Quality-adjusted life years gained. Although associated with uncertainty, there is
clear evidence that palivizumab prophylaxis represents a cost-effective treatment option also in late preterm children [24].

Conclusion

Our study highlights the benefits of RSV passive immunization in infants for severe RSV infection. Palivizumab is efficient for
preventing from RSV infections in preterm infants also still 35day 0 wGA, including specific high risk subgroups. In fact in our
study we noticed an increase of incidence on RSV infection in 2017-2018 and we suppose that this event could be imputed to
actual Italian guidelines according to American guidelines that suggest immunoprophylaxis to <29 W, not reducing risk of illness
in infant’s <35 W. Moreover immunoprophylaxis, reducing events of bronchiolitis in preterm, reduce the incidence of post viral
wheeze in childhood [1].

It would be interesting to search RSV in cordon blood in newborns with RDS because we supposed also prenatal transmission
as reported in the first case in the world described by Manti, et al. Because of the limitations of the study to few centers, these
findings cannot be generalized, but strongly point to a need to reevaluate the role of palivizumab prophylaxis in the 29-35 wGA
subpopulations. Debate on RSV prophylaxis is maybe not still definitely closed [25].
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However, our results on RSV hospitalization clearly highlight the vulnerability of young preterms, especially in this last RSV season
and point to a need to reevaluate the role of palivizumab prophylaxis in the >29 wGA subpopulation when specific risk factors are
present.

Limitations of the current study include the relatively small sample size which was retrieved from a limited number of neonatal
care centers, so further evaluation on wider simple size are warranted.

This is a common problem in these kinds of reports since preterms represent only a very small proportion in the general infant
population, as shown also in studies that have been cited by the American Academy of Pediatrics in the guidance for palivizumab
prophylaxis.

Not all cases of RSV are confirmed by laboratory testing, so our study may underestimate the number of patients admitted for RSV.
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