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INTRODUCTION

Respiratory syncytial virus (RSV) is a single-stranded, neg-
ative-sense RNA virus belonging to the genus Pneumovirus of 
Paramyxoviridae family. RSV is highly contagious and it can 
cause acute respiratory tract illness in groups of all ages. In 
2005, it was estimated that among children under 5 years of 

age at least 33.8 million cases of acute lower respiratory infec-
tion (ALRI) associated with RSV occurred worldwide, and 
approximately 3.4 million children required hospitalization 
due to severe RSV-associated ALRI. In the same study, an 
estimated case fatality ratio (CFR) in children younger than 
5  years in developing countries was 2.1% [1]. Other studies 
showed that the hospitalization rate was the highest in infants 
younger than 6  months of age [2-4], who are at high risk of 
complications. Moreover, in studies of hospitalized children, 
RSV infection has been associated with up to 74% of bronchi-
olitis cases and up to 54% of pneumonia cases [3].

Epidemiological data suggested that infants with high 
titers of maternally acquired RSV-neutralizing antibody 
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ABSTRACT

Prematurity is a risk factor for respiratory syncytial virus (RSV)-associated lower respiratory tract infections (LRTIs), due to immature humoral 
and cell-mediated immune system in preterm newborns, as well as their incomplete lung development. Palivizumab, a humanized monoclonal 
antibody against the F glycoprotein of RSV, is licensed for the prevention of severe RSV LRTI in children at high risk for the disease. This study 
is a part of a larger observational, retrospective-prospective epidemiological study (PONI) conducted at 72 sites across 23 countries in the 
northern temperate zone. The aim of our non-interventional study was to identify common predictors and factors associated with RSV LRTI 
hospitalization in non-prophylaxed, moderate-to-late preterm infants, born between 33 weeks and 0 days and 35 weeks and 6 days of gestation, 
and less than 6 months prior to or during the RSV season in Bosnia and Herzegovina (B&H). A total of 160 moderate-to-late preterm infants 
were included from four sites in B&H (Sarajevo, Tuzla, Mostar, and Banja Luka). We identified several significant intrinsic and extrinsic factors 
to be associated with the risk of RSV LRTI hospitalization in the preterm infants, including: comorbidities after birth, shorter hospital stay, 
admission to NICU/PICU while in the maternity ward, household smoking, low maternal age, breast feeding, number of family members, and 
history of family/paternal atopy. Overall, our results indicated that the risk of RSV LRTI in preterm newborns can be associated with different 
environmental and social/cultural factors, and further research is needed to comprehensively evaluate these associations.
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develop less severe RSV disease. Up to now, palivizumab, a 
humanized monoclonal antibody against the fusion (F) glyco-
protein of RSV, has been licensed for the prevention of severe 
RSV-associated lower respiratory tract infections (LRTIs) in 
children who are at high risk for the disease [5-8]. Premature 
infants born at 35 weeks of gestation or less, infants with con-
genital heart disease or chronic lung disease are at risk for 
RSV-induced LRTI [9-12], as well as for re-hospitalization in 
the first year of life after discharge from the hospital nursery. 
Prematurity, along with other environmental, social and phys-
iological factors, increases the risk of RSV-associated LRTI in 
infants, due to immaturity of their humoral [13] and cell-me-
diated immune system [14,15] and incomplete lung develop-
ment [16,17].

Although epidemiological studies including single coun-
tries have been conducted to identify the risk factors for 
severe RSV disease [12,18,19], these results may not be gener-
alized across different countries/populations. Taking that into 
account, an epidemiological study including multiple coun-
tries was conducted to identify Predictors associated with 
RSV hOspitalization in Non-prophylaxed, premature Infants 
(PONI) born between 33  weeks and 0  days and 35  weeks 
and 6 days of gestation. A total of 23 culturally and regionally 
diverse countries across the northern temperate zone were 
included in the PONI to determine a more universal set of 
risk factors for severe RSV disease in preterm infants [20]. The 
current epidemiological, non-interventional study is a part of 
the PONI study and investigates common predictors and fac-
tors associated with hospitalization due to RSV-related LRTI, 
in non-prophylaxed, moderate-to-late preterm infants born in 
Bosnia and Herzegovina (B&H) less than 6 months prior to or 
during the RSV season.

MATERIALS AND METHODS

Study design

The detailed description of the study design, methods and 
inclusion/exclusion criteria for the PONI study was published 
elsewhere [20]. In short, the PONI was an observational ret-
rospective-prospective epidemiological study conducted at 
72 sites across 23 countries in the northern temperate zone. 
The study was conducted in compliance with the protocol, 
Good Clinical Practice and all other applicable regulatory 
requirements. The study was approved by the Local Ethics 
Committees for all research sites independently. Data for this 
sub-analysis were gathered across different geographic regions 
located in the same area of the RSV season in B&H. The 
obtained data were utilized to establish a multivariable predic-
tive model for the identification of factors highly predictive of 
RSV-LRTI-associated hospitalization. The enrollment period 
of the study was approximately 9 months (from 1 April 2013 

to 28 February 2014). Data collection started on 26 September 
2013 and ended on 22 July 2014 (date of the last call). At enroll-
ment, informed consent was obtained from the subject’s legal 
representative. Data were retrieved from the medical records 
of the eligible patients. Moreover, the investigator gathered 
additional information from the subject’s legal representative 
during an interview in the hospital or by a phone call (call 1). 
A  further contact (call 2) was made with the subject’s legal 
representative at the end of the RSV season (at the beginning 
of March) to identify the RSV hospitalization status (i.e., posi-
tive, negative, or unknown). If an infant had been hospitalized 
for an LRTI, the infants’ medical records were retrieved for 
data extraction.

Endpoints

The primary endpoint of our sub-analysis of the PONI 
study was hospitalization due to laboratory-confirmed RSV 
LRTI during the RSV season (lasted from 1 October 2013 to 
30  April 2014). The primary objective was to derive predic-
tive factors (risk factors) for RSV LRTI hospitalization, based 
on the observation of whether a predictive factor was present 
or absent in controls (i.e., infants who had not been hospital-
ized for LRTI, LRTInh) compared with cases (i.e., infants who 
had been hospitalized for RSV LRTI, RSV LRTIh). For the 
target RSV LRTIh group, the reference was LRTInh group. 
Secondary endpoints included the incidence, severity, course, 
and outcomes of hospitalization for RSV LRTIh and non-RSV 
LRTIh [nRSV LRTIh] subgroups.

Inclusion/exclusion criteria

Infants born between 33 weeks and 0 days and 35 weeks 
and 6 days of gestation, after 1 April 2013, with available infor-
mation on LRTI hospitalization, and whose parents/legal 
guardians were willing to sign a patient authorization form 
and informed consent, were included in the study. Infants 
with bronchopulmonary dysplasia (BPD), chronic lung dis-
ease (CLD), hemodynamically significant congenital heart 
disease (hs CHD), with planned or administered RSV immu-
noprophylaxis at the time of inclusion, as well as those whose 
parent(s) had an intention to move from the local area before 
the end of the study period, were excluded.

Data collection

The details about data collection were published else-
where [20]. In short, all patient data were obtained from the 
patient files or by interviewing the parents/legal guardians, 
ensuring that no data revealed the identity of patients. Data 
on infant characteristics and comorbidities (diagnosis of 
non-hs CHD, Down syndrome, immunodeficiency, cystic 
fibrosis, neuromuscular disorders, or other comorbidities) 
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were collected together with perinatal data. Also, demo-
graphic data of parents and family, family history, and socie-
tal factors were obtained. During hospitalization, data on the 
incidence, frequency, duration and severity of LRTI hospital-
ization (i.e., duration of hospitalization, duration of respiratory 
illness, oxygen therapy, admission to pediatric intensive care 
unit [PICU]/neonatal intensive care unit [NICU], mechanical 
ventilation, and symptoms) were collected.

Statistical analyses

Statistical analysis was conducted on data of a subsam-
ple of 160 infants from B&H. Data were exported from the 
central PONI database to an Excel file which was imported 
into STATISTICA version  12 (StatSoft, Inc., OK, USA) and 
MedCalc Statistical Software version 15.8 (MedCalc Software 
bvba, Ostend, Belgium; https://www.medcalc.org; 2015). The 
sample size was underpowered but could still provide import-
ant information regarding the study objectives for the popula-
tion in B&H. Numerical variables were presented as mean ± 
standard deviation (SD) and categorized. Categorical variables 
were mostly binomial and presented as such. Data related to 
the primary objectives were presented for the whole sample 
and for the two groups, LRTInh and RSV LRTIh. Results were 
compared using the Student’s t-test for numerical and two-
sided Fisher’s exact test for categorical data, and presented as 
odds ratio (OR) and 95% confidence interval (CI) for the risk of 
RSV-associated LRTI hospitalization. Stepwise multivariable 
logistic regression analysis was used to identify independent 
predictors of RSV LRTI hospitalization. The two subgroups, 
RSV LRTIh and nRSV LRTIh, were compared using two-
sided Fisher’s exact test with regard to the secondary objec-
tives. A p < 0.05 was considered statistically significant.

RESULTS

A total of 160 moderate-to-late preterm infants from 
4 regions in B&H were included in the study. Of them, 18 
infants (11.3%) were hospitalized due to an LRTI (LRTIh): 
7  (4.4%) with at least one positive test for RSV (RSV LRTIh 
group), 10 (6.3%) without a positive RSV test, and 1 (0.6%) with 
an unknown RSV status. The number of recruited infants per 
center was between 25 and 66 children. Overall, slightly more 
female (n = 83, 51.9%) than male infants (n = 77, 48.1%) were 
enrolled (Table 1). The number of infants born in each of the 
months prior to the onset of the RSV season was evenly bal-
anced as shown in Figure 1.

Primary objective – bivariate associations

Demographic and perinatal data collected for all 160 infants 
at enrollment and bivariate associations for RSV-LRTI-related 

hospitalizations are presented in Table 1. The mean gestational 
age at preterm delivery was 34.4 weeks for the total population, 
with 29.4% (n = 47) of infants born at 33 weeks of gestational 
age, 22.5% (n = 36) at 34 weeks, and 48.1% (n = 77) at 35 weeks. 
The majority of infants in RSV LRTIh group were born at 
35  weeks of gestational age (n = 5, 71.4%), but this was not 
significantly different compared to LRTInh group [p = 0.451] 
(Table 1). The mean (SD) birth weight of the total population 
was 2200 (500) g, without a significant difference between the 
groups (LRTInh vs. RSV LRTIh, p = 0.674, Table 1). Most of the 
infants in the total population had an average weight for ges-
tational age (n = 82, 51.3%), 59 (36.9%) newborns were large for 
gestational age, and 19  (11.9%) were small for gestational age, 
with no significant difference between the groups (LRTInh vs. 
RSV LRTIh, p = 0.297, Table 1). There were 43 (26.9%) multi-
ple birth pregnancies of which 40 were twins and 3 triplets, 
with no difference between the groups (LRTInh vs. RSV 
LRTIh, p > 0.999, Table 1). More than a half (n = 100, 62.5%) of 
all included infants had at least one comorbidity. Out of those 
100 infants, 6  (3.8%) had confirmed non-hs CHD diagnosis, 
and there was no significant difference between the groups 
(LRTInh vs. RSV LRTIh, p = 0.433). However, a significant 
difference between the two groups was observed for other 
comorbidities (LRTInh vs. RSV LRTIh, p = 0.047, Table 1). Of 
the predictors for RSV hospitalization among perinatal data 
(i.e., assisted fertilization, type of delivery, meconium aspira-
tion, resuscitation required, duration of initial hospital stay, 
admitted to the NICU/PICU prior to discharge, assisted ven-
tilation, oxygen dependent during hospitalization or on hos-
pital discharge, surfactant use, and maternal smoking during 
pregnancy) shorter hospital stay (OR for <7 days = 7.10, 95% 
CI 1.32-38.14, p = 0.039) and no admission to the NICU/PICU 
(OR = 8.71, 95% CI 1.61-47.09, p = 0.020) were associated with 
a significantly higher risk for RSV LRTI hospitalization, while 
maternal smoking during pregnancy was not associated with 
the risk of RSV LRTI hospitalization [p > 0.999] (Table 1).

Environmental and societal data collected for all 160 infants 
at enrollment and bivariate associations for RSV LRTI hospi-
talization are presented in Table 2. The presence of a smoker 
in the family and low (below median) maternal age (≤28 years) 
were associated with a higher risk of RSV LRTI hospitaliza-
tion, although they did not reach the statistical significance 
(OR = 4.15, 95% CI 0.77-22.16, p = 0.166 and OR = 3.96, 95% CI 
0.74-21.09, p = 0.187, respectively). Low educational level of the 
mother was not associated with the risk of RSV LRTI hospital-
ization [p > 0.999] (Table 2). A higher number of family mem-
bers was also not associated with the risk of RSV LRTI hospi-
talization; quite the opposite, the number of family members 
was lower in RSV LRTIh group (mean ± SD, 2.3 ± 1.8 vs. 3.2 ± 
1.3 for LRTInh, p = 0.089; Table 2). Another association with 
the risk of RSV LRTI hospitalization was observed in terms of 
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family atopy (OR = 6.84, 95% CI 1.27-36.76, p = 0.043), where 
paternal (father) atopy was associated with an increased risk 
of RSV LRTI hospitalization of the infant (OR = 4.98, 95% CI 
1.06-23.46, p = 0.096) but not significantly, and significant 
results were not observed neither for maternal (OR = 2.44, 

p = 0.551) nor for sibling atopy [OR = 2.79, p = 0.719] (Table 2). 
Intention to breastfeed at enrollment was not significantly 
associated with a lower risk of RSV-LRTI-associated hospi-
talization (OR = 1.43, p > 0.999), but the actual breastfeeding 
lowered the risk although not significantly (OR = 0.34, 95% CI 

TABLE 1. Demographic and perinatal data of preterm infants with bivariate associations for RSV‑LRTI‑related hospitalization (N=160)

Variable Total (N=160) LRTInh (n=142) RSV LRTIh (n=7)
Statistics

OR 95% CI p
Sex

Male
Female

77 (48.1%)
83 (51.9%)

69 (48.6%)
73 (51.4%)

3 (42.9%)
4 (57.1%)

0.79 0.17, 3.67 >0.999

GA at birth (weeks)
33
34
35

34.4±1.0
47 (29.4%)
36 (22.5%)
77 (48.1%)

34.4±1.0
44 (31.0%)
30 (21.1%)
68 (47.9%)

35.0±1.1
1 (14.3%)
1 (14.3%)
5 (71.4%)

1.23
0.47

0.14, 10.80
0.09, 2.52

0.128

>0.999
0.624

Birth weight (g)
Small for GA
Average for GA
Large for GA

2200±500
19 (11.9%)
82 (51.3%)
59 (36.9%)

2180±500
19 (13.4%)
69 (48.6%)
54 (38.0%)

2260±290
0

3 (42.9%)
4 (57.1%)

0.46 0.03, 8.48
0.674

>0.999

Multiple birth
Twins
Triplets

43 (26.9%)
40 (25.0%)

3 (1.9%)

36 (25.4%) 2 (28.6%) 1.18 0.22, 6.34 >0.999

Comorbidities
Non‑hs CHD
Down syndrome
Immunodeficiency
Cystic fibrosis
Neuromuscular disorder
Other

6 (3.8%)
0
0
0
0

100 (62.5%)

4 (2.8%)
0
0
0
0

96 (67.6%)

1 (14.3%)
0
0
0
0

2 (28.6%)

5.75
‑
‑
‑
‑

0.19

0.55, 59.61
‑
‑
‑
‑

0.04, 1.03

0.433
‑
‑
‑
‑

0.047
Perinatal history

Assisted fertilization
Cesarean delivery
Meconium aspiration
Resuscitation

Duration of initial hospital stay 
(<7 days)

NICU/PICU admitted
Number of days, median (IQR)

Assisted ventilation
O2 dependent during stay
O2 dependent on discharge
Surfactant use
Maternal smoking during pregnancy 

10 (6.3%)
84 (52.5%)

4 (2.5%)
29 (18.4%)

48 (30.0%)
114 (73.1%)

6 (3‑10)
56 (32.2%)
89 (55.6%)

2 (1.3%)
15 (9.4%)

41 (25.6%)

10 (7.0%)
76 (53.5%)

4 (2.9%)
28 (20.0%)

37 (26.1%)
108 (77.7%)

6 (3‑10)
53 (37.6%)
81 (57.0%)

2 (1.4%)
14 (9.9%)

34 (23.9%)

0
5 (71.4%)

0
0

5 (71.4%)
2 (28.6%)

8 (8‑8)
1 (14.3%)
3 (42.9%)

0
0

2 (28.6%)

0.94
2.17
2.43
0.29

7.10
0.11

0.28
0.56
5.00
0.65
1.26

0.05, 17.84
0.41, 11.56
0.12, 50.58
0.02, 5.19

1.32, 38.14
0.02, 0.62

0.03, 2.36
0.12, 2.62

0.21, 121.50
0.04, 12.13
0.23, 6.79

0.856
0.599
0.423

>0.999

0.039
0.020
0.865
0.406
0.720
0.243

>0.999
>0.999

GA: Gestational age; LRTI: Lower respiratory tract infection; RSV: Respiratory syncytial virus; non‑hsCHD: Non‑hemodynamically significant congenital 
heart disease; NICU/PICU: Pediatric intensive care unit/neonatal intensive care unit; LRTInh: Infants who had not been hospitalized for LRTI; RSV LRTIh: 
Infants who had been hospitalized for RSV LRTI.

FIGURE 1. Distribution of late preterm infants enrolled in the study according to the months in which they were born, before or during 
the respiratory syncytial virus (RSV) season (lasted from 1 October 2013 to 30 April 2014).
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0.08-1.62, p = 0.340; Table 2). Daycare attendance in the house-
hold did not show significant association with the risk for RSV 
LRTI hospitalization (p > 0.999, Table 2).

Primary objective – multivariate analysis

Automated stepwise variable selection resulted in a 
2-variable model depicting the admission to the NICU/
PICU before discharge from the maternity ward as protective 
(OR = 0.11, 95% CI 0.02-0.65, p = 0.014) and family history of 
atopy (OR = 6.67, 95% CI 1.18-37.86, p = 0.032) as a significant 
risk factor for RSV LRTI hospitalization with an area under 
the curve of the receiver operating characteristic (AUROC) of 
0.815 (95% CI 0.742-0.875, p = 0.002).

Secondary endpoints

Data on LRTI hospitalization according to RSV positivity 
are presented in Table 3. The median duration of respiratory 
illness (LRTI) symptoms was 9 days, ranging from a minimum 
duration of 7  days to a maximum duration of 19  days, and 
the median hospitalization stay was 6 days with a minimum 
of 3 and maximum duration of 14 days, without a significant 
difference between RSV LRTIh and nRSV LRTIh subgroups 
in both cases (p = 0491 and p = 0.806, respectively; Table 3). 
Oxygen therapy was necessary in 7  (38.9%) infants with a 
median time of 3 days, with no difference in the two factors 

between RSV LRTIh and nRSV LRTIh subgroups (p > 0.999 
and p > 0.999, respectively; Table  3). Only one infant (RSV 
LRTIh subgroup) required admission to the PICU/NICU 
for one day during the hospitalization (p = 0.667), and there 
was no need for mechanical ventilation in any of the LRTI-
hospitalized infants (Table 3). Fever was present in 6 (33.3%) 
infants (all from nRSV LRTIh subgroup, p = 0.054) and cough 
in 16  (88.9%), with no difference in the prevalence between 
the subgroups (p = 0.529, Table 3). Rhinorrhea was present in 
15 infants (93.8%) and was unknown in 2; the condition was 
more severe in nRSV LRTIh subgroup but did not reach the 
significance (moderate to severe, 42.9% for nRSV LRTIh vs. 
0% for RSV LRTIh, p = 0.192; Table 3). Hoarseness was pres-
ent in 3 infants (16.7%) and was checked as “unknown” in the 
majority of cases (n = 12, 66.7%; Table 3). Apnea was present 
in 2 infants (11.1%), 1 from each of the subgroups (p > 0.999, 
Table 3). Wheezing (n = 11, 61.1%) was equally distributed in 
both subgroups (63.6% vs. 57.1%, p > 0.999, nRSV LRTIh vs. 
RSV LRTIh), similarly as retractions (n = 17, 94.4%; 85.7% vs. 
100%, p = 0.667, RSV LRTIh vs. nRSV LRTIh) and tachypnea 
[n = 17, 94.4%; 100% vs. 85.7%, p > 0.999, RSV LRTIh vs. nRSV 
LRTIh] (Table  3). Cyanosis was present in 4 infants (22.2%) 
and the proportion was comparable in both subgroups (14.3% 
vs. 25.0%, p > 0.999, RSV LRTIh vs. nRSV LRTIh; Table 3). The 
severity of the disease, graded by the investigator, was not sig-
nificantly different between the two subgroups (p = 0.786), 

TABLE 2. Environmental and societal data of preterm infants with bivariate associations for RSV‑LRTI‑related hospitalization (N=160)

Variable Total (N=160) LRTInh (n=142) RSV LRTIh (n=7)
Statistics

OR 95% CI p
Age of mother at delivery (years) 29.9±4.7 30.1±4.6 27.1±3.6 3.96 0.74, 21.09 0.187
Maternal educational level

Low
Middle
High

108 (67.5%)
50 (31.3%)

2 (1.3%)

95 (66.9%)
45 (31.7%)

2 (1.4%)

5 (71.4%)
2 (28.6%)

0

1.24 0.23, 6.61 >0.999

Race (Caucasian)
Mother
Father

159 (99.4%)
159 (99.4%)

142 (100%)
142 (100%)

7 (100%)
7 (100%)

‑
‑

‑
‑

‑
‑

Number of adults
Number of family members

2.5±0.9
3.2±1.5

2.5±1.0
3.2±1.3

2.0±0.6
2.3±1.8

‑
‑

‑
‑

0.213
0.089

Household smoker 66 (41.5%) 53 (37.6%) 5 (71.4%) 4.15 0.78, 22.16 0.167
Family history of atopy

Unknown
Positive
Maternal
Parental
Sibling(s)

46 (28.8%)
46 (28.8%)
24 (15.0%)
30 (18.8%)
10 (6.3%)

43 (30.3%)
38 (26.8%)
20 (14.1%)
24 (16.9%)

8 (5.6%)

0
5 (71.4%)
2 (28.6%)
4 (57.1%)
1 (14.3%)

6.84
2.44
4.98
2.79

1.27, 36.76
0.44, 13.44
1.06, 23.46
0.30, 26.06

0.043
0.551
0.096
0.719

Number of bedrooms 2.1±1.1 2.1±1.1 1.6±0.5 - - 0.185
Furred pets at home 25 (15.6%) 25 (17.6%) 0 0.33 0.02, 6.08 >0.999
Breast milk feeding

Intended
Done

143 (90.5%)
124 (77.5%)

127 (90.7%)
113 (79.6%)

7 (100%)
4 (57.1%)

1.43
 0.34

0.08,26.71
0.08, 1.62

>0.999
0.340

Daycare attendance of infant
Planned
Attended

67 (41.9%)
13 (8.1%)

57 (40.1%)
12 (8.5%)

3 (42.9%)
0

1.12
0.77

0.24, 5.19
 0.04, 14.48

>0.999
0.977

Daycare attendance of other children in household 23 (14.5%) 17 (12.1%) 1 (14.3) 1.23 0.14, 10.80  >0.999

LRTI: Lower respiratory tract infection; RSV: Respiratory syncytial virus; LRTInh: Infants who had not been hospitalized for LRTI; RSV LRTIh: Infants who 
had been hospitalized for RSV LRTI.
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with 7  cases (38.9%) graded as mild,  7  (38.9%) as moderate 
and 4  (22.2%) as severe respiratory illness, in LRTIh infants 
(Table 3). Two infants had other viral infections (1 rhinovirus 
and 1 other) and 1 infant had an infection with Haemophilus 
influenzae [all three infants were from nRSV LRTIh sub-
group] (Table  3). Medication and medical interventions 
during hospitalization are presented in Table 4, showing that 
nasopharyngeal suctioning (100%), inhaled and systemic cor-
ticosteroids  (77.8%), nebulized hypertonic saline  (66.7%), β2 
adrenergic receptor agonists [β2 agonists] (61.1%), and racemic 
epinephrine (50.0%) were the most frequently used interven-
tions with no significant difference between RSV LRTIh and 
nRSV-LRTIh subgroups (p > 0.05 for all parameters).

DISCUSSION

By the age of 2  years, almost all children have an RSV 
infection and the reinfection is also common [21,22]; more-
over, the morbidity and mortality are significantly higher 
in preterm compared to term infants [23-29]. Up to now, 
numerous extrinsic and intrinsic risk factors for RSV-
associated hospitalization in early preterm infants have been 
identified, including: multiple gestations [30], extremely low 
birth weight and/or gestational age [16,17,31], intrauterine 
growth restriction  [32], chronic lung disease of prematu-
rity [16,17], lack of prenatal care [33], neonatal complications 

such as intraventricular hemorrhage, necrotizing enterocoli-
tis, mechanical ventilation, bacteremia [34], as well as lower 
levels of maternal education [33] and low parental socioeco-
nomic status [35,36]. Considering all this and its proven effi-
cacy and safety in preterm children (≤35 weeks of gestation), 
palivizumab is used for the prevention of severe RSV LRTI in 
children requiring hospitalization and who are at high risk for 
the disease [5-8]. However, the indications and recommenda-
tions for the use of palivizumab in target population have been 
changed significantly, from the time of the first registration till 
now, restricting its use [37-40]. Recently, the published data 
for B&H showed that palivizumab provides significant protec-
tion from LRTI, and LRTI RSV hospitalization rate of 1.2% was 
reported for six RSV seasons, in a population in which palivi-
zumab was used according to the updated guidelines [41,42]. 
The PONI study  [20] aimed to identify common predictors 
and factors associated with RSV LRTI hospitalization in 
non-prophylaxed, moderate-to-late preterm infants, born less 
than 6  months prior to or during the RSV season, in which 
the American Academy of Pediatrics (AAP) does not recom-
mend palivizumab immunoprophylaxis [40]. The study was 
conducted in 23 culturally and regionally diverse countries to 
identify a more universal set of risk factors for severe RSV dis-
ease in preterm infants (33-35 weeks of gestation) that could 
benefit from palivizumab immunoprophylaxis. The current 
sub-analysis of the PONI study, targeting B&H population, 

TABLE 3. Data on hospitalization for LRTI according to RSV positivity (N=18)

Variable LRTIh (N=18) nRSV LRTIh (n=11) RSV LRTIh (n=7) p
Nosocomially acquired RSV 0 NA 0 ‑
Median duration of hospitalization, days (range)
Median duration of symptoms of respiratory illness, days (range)

6 (2‑14)
9 (7‑19)

6.3±3.6
11.4±4.4

6.5 (3‑11)
9 (8‑16)

0.806
0.491

Oxygen therapy
Median days (range)

7 (38.9%)
2.5 (2‑4)

5 (41.7%)
3 (2‑4)

2 (28.6%)
3 (2‑4)

>0.999
>0.999

NICU/PICU admission
Total days

1 (5.6%)
1

0
‑

1 (14.3%)
1

0.667
‑

Mechanical ventilation
Total days

0
‑

0
‑

0
‑

>0.999
‑

Fever
Cough
Rhinorrhea
Hoarseness
Apnea
Wheezing
Retractions
Tachypnea
Cyanosis

6 (33.3%)
16 (88.9%)
15 (83.3%)
3 (16.7%)
2 (11.1%)

11 (61.1%)
17 (94.4%)
17 (94.4%)
4 (22.2%)

6 (54.5%)
10 (90.9%)
9 (81.8%)
2 (18.2%)
1 (9.1%)

7 (63.6%)
11 (100%)
11 (100%)
3 (25.0%)

0
6 (85.7%)
6 (85.7%)
1 (14.3%)
1 (14.3%)
4 (57.1%)
6 (85.7%)
6 (85.7%)
1 (14.3%)

0.100
0.529

>0.999
>0.999 
>0.999
>0.999
0.667

>0.999
>0.999

Investigator opinion about severity
Mild
Moderate
Severe

7 (38.9%)
7 (38.9%)
4 (22.2%)

4 (36.4%)
4 (36.4%)
3 (27.3%)

3 (42.8%)
3 (42.8%)
1 (14.3%)

0.786

Other viral infections detected
Rhinovirus
Other

1 (5.6%)
1 (5.6%)

1 (8.3%)
1 (9.1%)

0
0

>0.999
>0.999

Other infections detected
Haemophilus influenzae 1 (5.6%) 1 (9.1%) 0 >0.999

LRTI: Lower respiratory tract infection; RSV: Respiratory syncytial virus; LRTIh: Infants who had been hospitalized for LRTI; RSV LRTIh: Infants who had 
been hospitalized for RSV LRTI; nRSV LRTIh: Infants who had been hospitalized for non‑RSV LRTI; NICU/PICU: Pediatric intensive care unit/neonatal 
intensive care unit.
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used the demographic, environmental and societal data to 
depict the risk factors for RSV-LRTI-associated hospitaliza-
tion, for the first time in the selected regions. Although we 
were aware of the fact that the sample from B&H does not 
have enough power to show significant associations, espe-
cially for the multivariate analysis, our sub-analysis confirmed 
most of the significant risk factors for RSV-LRTI-related hos-
pitalization identified in the PONI analysis [20].

In this sub-analysis, 18 infants (11.3%) were hospitalized due 
to an LRTI (LRTIh): 7 (4.4%) with at least one positive RSV test 
(RSV LRTIh), 10 (6.3%) with a negative RSV test, and 1 (0.6%) 
with unknown RSV status. These results are comparable to 
the overall PONI data [20] and to those reported by Gavin 
et al. [18]. It should be noted that the infant birth weight (either 
absolute or relative to gestational age) did not significantly 
affect the RSV hospitalization incidence, although it has been 
found that it adds to the discriminatory power of prematurity 
in identifying children susceptible to RSV hospitalization [42]. 
In the study conducted by Gavin et al., low birth weight had 
the highest sensitivity and the lowest specificity in predicting 
RSV-associated hospitalization [18].

The PONI study [20] indicated the presence of siblings 
(4-5 years of age) as a risk factor for RSV-associated LRTI hos-
pitalization, however, our sub-analysis did not confirm the 
presence of siblings nor multiple pregnancies as the risk factors.

In this study, more than a half of the enrolled infants had 
at least one comorbidity of which 3.8% had a confirmed diag-
nosis of non-hs CHD. Even though our sample did not have 
enough power to statistically confirm this association, the 
result is in line with previous findings [1,11,16,17,21,22] and the 
overall PONI results [20] which showed that non-hs CHD 
was associated with a higher risk of RSV-associated LRTI 
hospitalization.

In a recently conducted study, other good predictors of 
RSV hospitalizations were birth stays of 7 days or more and 
NICU stay at birth [18]. The AAP does not list NICU stays as 

a risk factor for RSV prophylactic treatment. NICU stays have 
been used by other authors to identify high-risk infants [43], 
however, the bivariate and multivariate analyses in the PONI 
study did not find NICU stay at birth to be a significant risk 
factor for RSV-related hospitalization [20]. In contrast, our 
sub-analysis showed that shorter hospital stay (<7  days) and 
non-admission to the NICU were highly predictive of RSV-
associated LRTI hospitalization; moreover, admission to the 
NICU was confirmed as a significant independent protective 
factor (OR = 0.11) in our multivariable model. Nevertheless, 
these results may have been obtained by chance due to our 
small sample size, or could be related to social and cultural 
customs where babies considered ‘sick’ are protected from the 
exposure to the members of extended family. On the other 
hand, our findings for the length of stay in the maternity ward 
are in line with the overall PONI results [20].

In general, more extrinsic than intrinsic factors were identi-
fied to be associated with a higher risk of RSV-associated LRTI 
hospitalization. If a mother smoked during pregnancy or was 
exposed to environmental tobacco smoke in the household 
following the infant’s birth, the assumption is that the infant 
would be exposed to tobacco smoke during the first year of 
life. The presence of a smoker in the family in our sub-anal-
ysis was associated with a higher risk of RSV LRTI hospital-
ization, confirming the overall PONI findings and the results 
of other studies [20,35,36]. However, contrary to the overall 
PONI results [20] as well as another previous study [33], in 
this sub-analysis maternal smoking during pregnancy and low 
educational level of the mother were not associated with a 
higher risk of RSV LRTI hospitalization. This result, however, 
should be interpreted with caution. Furthermore, we showed 
that low maternal age is associated with a higher risk of RSV 
LRTI hospitalization, which is in agreement with the results 
of PONI [20] and the study of Gavin et al. [18], and may be 
explained by the inexperience of younger mothers.

The presence of other children in the household is a known 

TABLE 4. Medication and medical interventions during hospitalization according to RSV positivity (N=18)

Variable LRTIh (N=18) nRSV LRTIh (n=11) RSV LRTIh (n=7) p
β2 agonists

Median duration in days (IQR)
11 (61.1%)

4 (2‑5)
8 (72.7%)
4 (2‑7.5)

3 (42.9%)
4 (3‑5)

0.627
0.685

Racemic epinephrine
Median duration in days (IQR)

9 (50.0%)
4 (4‑6)

6 (54.5%)
4 (4‑7)

3 (42.9%)
4.5 (4‑5)

>0.999
0.932

Aerosolized recombinant human DNase
Median duration in days (IQR)

1 (5.6%)
5 (5‑5)

1 (9.1%)
5 (5‑5)

0
0

>0.999
‑

Inhaled and systemic corticosteroids
Median duration in days (IQR)

14 (77.8%)
4 (3‑6)

10 (90.9%)
6 (4‑9)

4 (57.1%)
3 (2.5‑4)

0.569
0.196

Nasopharyngeal suctioning
Median duration in days (IQR)

18 (100%)
4 (3‑5)

11 (100%)
4 (2‑5.5)

7 (100%)
4.5 (3‑5)

>0.999
0.892

Nebulized hypertonic saline
Median duration in days (IQR)

12 (66.7%)
5 (4‑7)

6 (54.5%)
4.5 (4‑8)

6 (85.7%)
5 (5‑6)

0.054
0.847

Fluids maintenance
Median duration in days (IQR)

5 (27.8%)
2 (2‑3)

2 (18.2%)
1.5 (1‑2)

3 (42.9%)
3 (2‑3)

0.268
0.133

LRTI: Lower respiratory tract infection; RSV: Respiratory syncytial virus; LRTIh: Infants who had been hospitalized for LRTI; RSV LRTIh: Infants who had 
been hospitalized for RSV LRTI; nRSV LRTIh: Infants who had been hospitalized for non‑RSV LRTI; β

2 
agonists: β

2 
adrenergic receptor agonists.
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risk factor for RSV infection [19,24] and was also confirmed in 
the PONI study [20], however, in our sub-analysis it was not 
associated with a higher risk for RSV LRTI hospitalization.

The association between infant risk of RSV LRTI and fam-
ily history of atopy has been previously shown [44], suggesting 
that maternal atopy is related to a higher risk of acquiring the 
disease [45]. Overall, our results were supportive of those find-
ings. In addition, paternal atopy was found to be an import-
ant predictor of the risk in the PONI study [20]. However, 
the underlying mechanisms of how paternal atopy increases 
the risk of RSV-associated LRTI hospitalization, in moder-
ate-to-late preterm infants, remains unclear.

The duration of median respiratory illness (LRTI) symp-
toms was 9  days in our study, of which 6  days were during 
the hospital stay. This is comparable to the results reported by 
Rodriguez et al. [46] where the median number of days with 
respiratory symptoms before admission was 3 (2-5) days.

Estimates suggest that every year about 1.5 million children 
are admitted to a hospital with severe acute LRTI in need of 
oxygen supplementation [1]. Oxygen therapy was necessary in 
less than half of our hospitalized infants, which is significantly 
lower than in the study conducted by Rodriguez et al, where 
94.6% of patients required supplemental oxygen use [46]. Only 
one infant (RSV LRTIh subgroup) required admission to the 
PICU/NICU, for one day during the hospitalization, and there 
was no need for mechanical ventilation in any of our infants 
hospitalized for LRTI. These data suggest that the hospital-
ization criteria for LRTI in B&H may not be as restrictive as 
in some other countries and that even the infants with less 
severe respiratory illness are hospitalized (more than three 
quarters of hospitalized infants in our study were graded as 
mild to moderate respiratory illness by the investigator).

Although other authors found specific signs and symp-
toms (e.g., cough, wheezing, and retractions) to be predictive 
of RSV infection [1,47-50], our data did not corroborate these 
findings.

The limitations of the present analyses come from the low 
statistical power because of the small sample size and low inci-
dence of confirmed RSV LRTI hospitalizations. This limited 
the possibility to identify risk/protective factors that have a 
smaller impact, especially in the multivariable analysis, and 
increased the possibility that some of the factors were associ-
ated by chance. Nevertheless, we identified several significant 
intrinsic and extrinsic factors (i.e.,  comorbidities after birth, 
shorter hospital stay, admission to the NICU/PICU while 
in the maternity ward, household smoking, low maternal 
age, breast feeding, number of family members, and family/
paternal history of atopy) showing that the risk of RSV-LRTI-
associated hospitalization can be associated with environmen-
tal and social/cultural background and that further research is 
needed to comprehensively evaluate these associations. Taken 

together, while the incidence of confirmed RSV LRTI hospi-
talizations was low in the present study, the clinical course and 
outcomes were substantial.

CONCLUSION

Our incidence of confirmed RSV-LRTI hospitalizations is 
in line with those reported by other studies evaluating infants 
born at 33 to 35 weeks gestational age. Based on the present 
data, comorbidities after birth were the intrinsic factor most 
indicative of the risk. In terms of extrinsic risk factors identi-
fied for RSV LRTI hospitalization, several significant or mar-
ginally significant associations were demonstrated, as follows: 
shorter hospital stay, no admission to the NICU/PICU in the 
maternity ward, no breast feeding, household smoking, low 
maternal age, number of family members, and family/pater-
nal history of atopy. However, only two of the extrinsic factors 
were confirmed in the multivariable analysis, i.e., no admission 
to the NICU/PICU while in the maternity ward and family 
history of atopy. Although the incidence of confirmed RSV-
LRTI hospitalizations was low in our analysis, their clinical 
course was notable, but nevertheless, less severe than in the 
other studies.
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