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Abstract

Objective: To determine the risk factors associated with lower respiratory tract infections (LRTI) related
hospitalizations in preterm infants receiving palivizumab throughout the high season for respiratory syncytial
virus (RSV) infection.

Methods: Premature infants who were commenced on palivizumab prophylaxis during the RSV season were
included in the study following parental consent. Information on demographic, social, prenatal and postnatal
clinical characteristics was recorded and risk factors associated with hospitalization were evaluated for each
patient.

Findings: While 234 participants (Group 1, 92.8%) did not require hospitalization during the study period, 18
patients (Group 2, 7.2%) were hospitalized at least once for LRTI during the RSV season. The rate of
moderate-severe bronchopulmonary dysplasia (BPD) was significantly higher in group 2 compared to group 1
(38.9% vs 16.2%; P=0.016). Of the 18 infants who were hospitalized, 6 (33.3%) tested positive for RSV while
the remaining 12 patients (66.7%) were negative for RSV. Odds ratio (OR) analysis of several risk factors
revealed the presence of BPD (OR: 3.28; 95%ClI: 1.19-9), being from a family with low socioeconomic status
(OR: 3.64; 95%CI 1.08-12.3) to be associated with a higher likelihood of LRTI-related hospitalization.

Conclusion: Our data demonstrated that RSV is an important LRTI agent and cause of hospitalization
especially in preterm infants with additional risks such as BPD, gestational age of <28 weeks and low
socioeconomic status. We suggest that improving care conditions and decreased BPD with prematurity would
help in prevention of LRTI hospitalization.
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Introduction

Respiratory syncytial virus (RSV) is one of the
most prevalent causes of lower respiratory tract
infection (LRTI) related hospitalizations among
infants younger than 2 years of agell4. Almost all

children are infected by RSV at least once before
the age of 2 years, with a recurrent infection
occurring in more than 50% of cases®l. Premature
infants are at particular risk for RSV infection,
requiring readmission following discharge after
neonatal intensive carel®l. Other risk factors
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include bronchopulmonary dysplasia (BPD) and
severe congenital heart disease (CHD), which
contribute to the severity of a RSV infection while
also prolonging hospital stay(7:l.

Palivizumab is a monoclonal anti-RSV globulin
that has been developed and marketed as a
preventive measure in infants at risk for RSV
infectionl!l. Epidemiological studies from Turkey
have shown that annually, RSV infections occur
most frequently during the period between
October-Marchl®, which translates to a 6-month
window for palivizumab prophylaxis. Current
international guidelines reserve the use of RSV
prophylaxis in infants considered to be at high-
risk for developing severe RSV infections, namely
those with prematurity, BPD or CHD. Previously
reported RSV-related hospitalization rates range
from 3% to 37%I[1011, Palivizumab has been
shown to reduce the overall rate of hospitalization
in premature infants with BPD by 55%l12l. In a
previous study, we managed to demonstrate a
31% reduction in the duration of hospital stay in
BDP patients treated with palivizumabl3].

RSV prophylaxis is mainly used in high-risk
patients with prematurity, BPD or CHD, however
despite the use of palivizumab, subsequent
hospitalization rates are mainly affected by
socioeconomic status of families(*4l. The aim of
this study was to determine the risk factors
associated with LRTI-related hospitalizations in
preterm infants receiving palivizumab throughout
the high season for RSV infection.

Subjects and Methods

This prospective study was undertaken in Zekai
Tahir Burak Maternity Teaching Hospital in
Ankara, which is located in central Anatolia with
the approval of the local ethics committee. This
hospital has 150 incubators and serves as a
referral Level III NICU with about 4000 newborn
admissions per year. Premature infants who were
commenced on palivizumab prophylaxis during
the RSV season between October 2011 and March
2012 were included in the study following
parental consent. Prior to initiation of treatment,
information on social and demographic
characteristics of the patients’ families, as well as
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relevant patient data such as birth weight,
gestational age (GA), presence of a medical history
of respiratory distress syndrome (RDS), patent
ductus arteriosus (PDA), intracranial hemorrhage
(Grade III-1V), necrotizing enterocolitis (NEC),
BPD and retinopathy of prematurity (ROP) were
recorded on pre-prepared forms. A diagnosis of
BPD was made based on criteria put forth by the
US National Institutes of Health [*5l. Each form also
included information on indication for
palivizumab prophylaxis as well as planned and
administered number of doses. Monthly income
was provided in United States Dollars (USD) using
the official exchange rate of the Central Bank of
the Republic of Turkey. As per manufacturer’s
instructions, palivizumab was administered
intramuscularly at a standard dose of 15 mg/kg,
repeated every 30 days. In Turkey, according to
the records of the Turkish Pharmacist’s
Association, one 50 mg-vial of palivizumab costs
516 USD. Palivizumab is applied free to patients
who have insurance.

Additionally, socioeconomic status of each
family based on monthly income (<300 USD=low,
300-900 USD=middle, 900-1500 USD=high, >1500
USD=very high), along with details regarding
family lodgings were also recorded, taking into
account the type of community inhabited (urban,
suburban, rural), type of heating (stove, radiator,
etc.), exposure to smoke (cigarette smoking by at
least one of the parents), number of rooms, and
the number of individuals in the household
including older siblings (cared for at home or in
school). Monthly follow-up visits were scheduled
in the prematurity outpatient clinic for each
patient during which patients were subject to a
detailed physical examination followed by
intramuscular administration of palivizumab. RSV
prophylaxis was administered taking into
consideration the current recommendations of the
Turkish Neonatology Society, which have been
adapted from recommendations of the American
Academy of Pediatrics (AAP) and the European
Palivizumab Study Group.

Parents were informed in detail regarding the
study protocol, and in the event any of the
participants developed symptoms suggestive of a
lower respiratory infection, parents were
instructed to bring their children to designated
health facilities depending on their community of
residence (urban, suburban or rural). For infants
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requiring hospitalization, RSV status was
evaluated using a RSV strip test (RSV Respi-Strip
kit, Coris Bioconcept, Belgium). This test is based
on the interaction between conjugated RSV
complex and anti-RSV antibody, which appears as
a second line on the test strip. Tests were
performed as per manufacturer’s instructions. In
the literature, RSV Respi-strip test kits have been
reported to have a sensitivity of 92%, specificity of
98% and a diagnostic accuracy of 95%"16/,

Statistical analyses were carried out using the
Statistical Package for the Social Sciences (SPSS)
for Microsoft Windows, version 20.0 (SPSS Inc,,
Chicago, IL, USA). Comparisons of categorical
variables between groups were made using the
Chi-square test. Differences between two groups
were examined by the independent samples t-test
for normally distributed variables and Mann
Whitney U test for abnormally distributed
variables. Following univariate analysis, factors
that were found to be associated with an increased
risk for LRTI-related hospitalization and for the
hospitalization to be due to an RSV infection were
subjected to odds ratio analysis. A P-value of less
than 0.05 was considered indicative of statistical
significance.

Findings

A total of 275 premature infants who were given
palivizumab prophylaxis were initially included in
the study, although 23 were excluded from the
final analysis due to non-compliance with follow-
up visits. Overall, 234 (92.8%) participants did not
require hospitalization (Group 1) whereas 18
(7.2%) patients were hospitalized at least once
due to LRTI (Group 2) during the study period
(Fig. 1). Demographic and clinical characteristics
of the study population are presented in Table 1.
There was no significant difference between
groups in terms of gestational age, birth weight,
gender, mode of delivery, comorbid conditions
(RDS, PDA, NEC and ROP), number of cases with
intracranial hemorrhage (Grade III-1V), planned
and administered number of palivizumab doses,
socioeconomic status, type of community
inhabited, type of heating (stove, radiator, etc.),
exposure to smoke (cigarette smoking by at least
one of the parents), number of rooms, and the
number of individuals in the household including
older siblings (Table 1). The rate of moderate-
severe BPD was significantly higher in group 2
compared to group 1 (38.9% vs 16.2%; P=0.02).

Assessed for eligibility (n=275)

Excluded (n=23)
e Declined to participate (n=19)

A 4

\4

o Other reason (n=4)

252 preterm infant were included in the study analysis

A 4

Group 1 (n=234, 92.8%)
(Not required to hospitalization)

v

Group 2 (n=18, 7.2%)
(LRTI- related hospitalization)

\4

v

(n=12)

RSV Negative

RSV Positive
(n=6)

Fig. 1: Flow chart of preterm infants who were received palivizumab prophylaxis for RSV

RSV: Respiratory syncytial virus
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Table 1: Demographic and clinical characteristics of the study population

Parameters

Gestational age, weeks*

Birth weight, g*

Male gender #

Mode of delivery (Caesarean) #

Respiratory distress syndrome *

Patent Ductus Arteriosus #

Intracranial hemorrhage (Grade III-IV) #
Necrotizing Enterocolitis #

Retinopathy of Prematurity #
Moderate-severe BPD #

<28 weeks
29-32 weeks
BPD
Planned *
Administered
Low
Middle
High

Very high
Rural
Suburban
Urban
Stove
Radiator
Other

Indication for palivizumab
prophylaxis #

Number of palivizumab doses

Socioeconomic status *

Type of community inhabited *

Type of heating #

Exposure to smoke #

Number of rooms *
Number of inhabitants *
Number of older siblings™

Home characteristics

Group 1 Group 2

(n=234) (n=18) P. value

28.3 (1.8) 28 (1.5) 0.5

1195 (339) 1097 (308) 0.2

131 (56) 11 (61.1) 0.7

206 (88) 15 (83.3) 0.5

177 (75.6) 13 (72.2) 0.7

95 (40.6) 9 (50) 0.4
10 (4.3) 1(5.6) 0.8
3(1.3) 1(5.6) 0.2

45 (19.2) 5(27.8) 0.4

38 (16.2) 7 (38.9) 0.02

90 (38.6) 9 (50)

106 (45.3) 2(11.1) 0.007

38 (16.2) 7 (38.9)

5(2-5) 5 (4-5) 0.7
5 (2-5) 5 (1-5) 0.9
17 (7.3) 4(22.2)

179 (76.5) 12 (66.7) 0.09

31(13.2) 2(11.1) ’

7 (3) 0(0)
16 (6.8) 2(11.1)

49 (20.9) 5(27.8) 0.3

169 (72.2) 11 (61.1)

86 (36.8) 7 (38.9)

143 (61.1) 11 (61.1) 0.7
5(2.1) 0(0)

148 (63.2) 13 (72.2) 0.4
3 (1-5) 3 (2-4) 0.8
4 (3-9) 4 (3-7) 0.1
1(0-5) 1(0-3) 0.3

*Values provided as mean * standard deviation; ¥ Values provided as number and percentage of patients; T Values provided as

median (min-max); BPD: Bronchopulmonary dysplasia

Of the 18 infants who were hospitalized, 6
(33.3%) tested positive for RSV while the
remaining 12 patients (66.7%) were negative for
RSV. Demographic and clinical characteristics of
RSV-positive and RSV-negative patients are
summarized in Table 2. Five of the 6 (83.3%)
patients who were RSV-positive presented with

Number of cases
v w . n ES

0

November December January

pneumonia, whereas 1 (16.7%) patient was
hospitalized due to bronchiolitis. Half of the
patients who were found to be RSV positive
required hospitalization for a second time during
the RSV season compared to only 1 (8.3%) patient
in the RSV-negative group. The difference in re-
hospitalization rates between groups was

RSV negative

WRSY positive

February March

Fig. 2: The distribution of hospitalized patients with RSV-negative and RSV-positive LRTI
according to month for the season between November 2011-March 2012
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Table 2: Demographic and clinical characteristics of RSV-positive and RSV-negative patients who were hospitalized

Parameters

Gestational age, weeks *

Birth weight, g*

Male gender #

Indication for palivizumab <28 weeks

prophylaxis * P 29-32 weeks
BPD

Number of palivizumab Planned *

doses Administered *

Indication for Bronchiolitis

hospitalization # Pneumonia

Number of same-season re-hospitalizations #
Duration of hospital stay, day™

Low
Middle
High
Very high
Rural
Suburban
Urban
Stove
Radiator
Other

Socioeconomic status *

Type of community
inhabited *

Type of heating #

Exposure to smoke #
Number of rooms *
Home characteristics

Number of inhabitants *
Number of older siblings *

RSV () RSV (+)

(n=12) (n=6) P. value
27.8 (1.8) 28.5 (0.8) 0.4
1025 (260) 1240 (371) 0.2

7 (58.3) 4 (66.7) 0.6

6 (50) 3 (50)

2 (16.7) 0(0) 0.5

4(33.3) 3 (50)

5 (4-5) 5 (4-5) 0.6

5 (4-5) 4.5 (1-5) 0.1

7 (58.3) 1(16.7)

5(41.7) 5(83.3) 0.09

1(8.3) 3 (50) 0.04

4 (2-20) 12 (5-23) 0.02

2 (16.7) 2 (33.3)

8 (66.7) 4 (66.7) 05

2 (16.7) 0 (0) '

0 (0) 0 (0)

1(8.3) 1(16.7)

3 (25) 2 (33.3) 0.8

8 (66.7) 3 (50)

5 (41.7) 2 (33.3)

7 (58.3) 4 (66.7) 0.6

0 (0) 0 (0)

8 (66.7) 5(83.3) 0.4

3 (2-4) 2 (2-4) 0.2

4 (3-7) 4 (4-6) 0.7

1(0-3) 1(1-2) 0.6

*Values provided as mean * standard deviation;  Values provided as number and percentage of patients; ¥ Values provided
as median (min-max) ; RSV: respiratory syncytial virus; BPD: Bronchopulmonary dysplasia

statistically significant (P=0.04). Median duration
of hospital stay was significantly longer in the
RSV-positive group compared to the RSV-negative
group [12 (5-23) days vs.4 (2-20) days; P=0.02)].
The distribution of hospitalized patients with RSV-
negative and RSV-positive LRTI according to
month is depicted in Fig. 2. Hospitalization rates
for both RSV-negative and RSV-positive patients
were highest in December and January. Odds ratio
(OR) analysis of several risk factors revealed
presence of BPD (OR: 3.28; 95%CI: 1.19 to 9), a GA
<28 weeks (OR: 1.6; 95%CI: 0.61 to 4.18), history
of exposure to smoke (OR: 1.51; 95%CI: 0.52 to
4.38), being from a family with low socioeconomic
status (OR: 3.64; 95% CI: 1.08 to 12.3), having
older siblings (OR: 1.35; 95%CI: 0.46 to 3.92) and
living in a suburban or rural area (OR: 1.65;
95%CI: 0.61 to 4.45) to be associated with a
higher likelihood of LRTI-related hospitalization.
Results of OR analysis have been summarized in
Table 3.

Discussion

The main outcome of this study was that it was the
most widely conducted study for determining with
or without RSV related hospitalization risk factors
that increase hospitalization of the preterm
newborns under the influence of palivizumab
prophylaxis that were closely observed during the
season in our country. With this study, it
wasdetermined that the preterm newborns who
under the influence of palivizumab
prophylaxis during the season would have higher
hospitalization rate if such cases had BPD at the
outset and low socioeconomic status. LRTIs are
one of the leading causes of death in children
worldwide, with RSV being the most common viral
pathogen in young children'i7.18, The likelihood of
RSV being the cause of LRTI increases with
decreasing age!19. The aim of this study was to
identify risk factors associated with an increased
risk of LRTI-related hospitalizations, regardless of

were
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Table 3: Summary of odds ratio analysis for several risk factors
associated with an increased likelihood for LRTI-related hospitalizations

Parameters

Male gender

Gestational age <28 weeks
Bronchopulmonary dysplasia
Older siblings

Low socioeconomic status
Non-urban community

Stove heating

Exposure to smoke

causative pathogen, in preterm infants under close
follow-up while on palivizumab prophylaxis.
Preterm infants are at high risk for developing
BPD, which makes them susceptible to ventilation-
induced volutrauma. Oxygen toxicity as well as
pre- and post-natal infections triggers a
pulmonary inflammatory response, which can
eventually lead to impaired lung development!18/,
In a retrospective study by Greenough, et al'20! on
a cohort of 235 premature infants (<32 weeks of
gestation) it was observed that 19% of neonates
who require oxygen treatment beyond 28 days
were subsequently re-hospitalized with a proven
RSV infection. In our study, 38.9% of patient who
were hospitalized for an LRTI had BPD, compared
to 16.2% in patients who were not hospitalized, a
statistically  significant difference  (P=0.02).
Patients who were hospitalized were 3.28 times
more likely to have BPD compared to infants who
were not hospitalized.

Male gender is a well-established risk factor for
severe RSV-related LRTI, and a review of relevant
studies of the past 30 years revealed a boy-to-girl
ratio of 1.425:1114], It has been postulated that the
increased risk could be attributed to boys having
shorter and narrower airways making them more
likely to develop bronchial obstruction during an
RSV infection?V. In our study, however, the
difference between group 1 and group 2 in terms
of male gender distribution was insignificant
(56% vs 61.1%; 0.67). Nevertheless, male gender
was found to be associated with a 1.23-fold
increased risk of LRTI-related hospitalization.

Low socioeconomic status is another frequently
reported risk factor for RSV infections 22!, In a
study from Sweden in 2002 23], univariate analysis
revealed the presence of a significant positive
correlation between percentage of immigrants,

All hospitalized patients (n=18)

0Odds ratio 95% Confidence interval

1.23 0.46-3.29
1.6 0.61-4.18
3.28 1.19-9

1.35 0.46-3.92
3.64 1.08-12.3
1.65 0.61-4.45
1.09 0.4-2.93
1.51 0.52-4.38

per capita income and an increased risk of
developing RSV. In our study, a low socioeconomic
status was associated with a 3.64-fold increased
risk for LRTI-related hospitalizations.

Crowded living conditions and the presence of
other siblings in the home have also been reported
as important risk factors for severe RSV infection
and LRTI-related hospitalization. The obvious
reason behind this is the increased likelihood of
exposure to the virus in a crowded home
setting2l, In the Canadian PICNIC study'2# the
presence of preschool-aged siblings was found to
be associated with a significantly increased risk
for RSV-related hospitalization, while a weaker
association was observed in the presence of
school-aged siblings. In our study, hospitalized
infants were 1.35 times more likely to have an
older sibling.

The influence of smoking in the household on
the risk of bronchiolitis and hospitalization due to
RSV-related LRTI has been a focus of research,
albeit with conflicting results'14!, Bivariate analysis
in the FLIP'25! and FLIP-2[2¢! studies from Spain
established that the presence of more than two
smokers at home was associated with a higher risk
of RSV-related hospitalization. A similar finding
was reported in the Canadian PICNIC- Study 24! in
that household exposure to cigarette smoke from
2 or more smokers was found to be a predictive
factor for subsequent RSV-related hospitalization.
In our study, we considered cigarette smoking by
at least 1 parent as indicative of smoke exposure,
and the difference between group 1 and group 2 in
terms of exposure to smoke was statistically
insignificant (P=0.4). Overall, exposure to smoke
was found to be associated with a 1.51-fold
increased risk of LRTI-related hospitalization.

Our study has some limitations, the most
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important of which is that infants hospitalized for
LRTIs were not enough positive for RSV infection.
So, RSV specific risk analysis for LRTIs cannot be
made. Furthermore, the study group did not
include any patients with CHD. Nevertheless, our
study is the first of its kind as well as being the
most comprehensive study from Turkey to
evaluate risk factors for LRTI-related hospitali-
zations in preterm infants receiving palivizumab
prophylaxis who were followed up for a whole
RSV-season.

Conclusion

Although the rate of hospitalization decreases by
palivizumab prophylaxis, our data demonstrated
that RSV is an important LRTI agent and the cause
of hospitalization especially in preterm infants
with additional risks such as BPD, gestational age
of <28 weeks and low socioeconomic status. We
suggest that improving care conditions and
decreased BPD with prematurity would help
preventing LRTI hospitalization.
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