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Aim To identify the epidemiological and clinical features of 
acute viral lower respiratory tract infections (LRTI) caused 
by respiratory syncytial virus and other respiratory virus-
es, and to determine the risk factors for the severe disease 
among neonates.

Methods We retrospectively reviewed the records of ne-
onates aged up to 44 postconceptional weeks who were 
hospitalized at a tertiary referral hospital due to confirmed 
viral LRTI between January 2015 and December 2020.

Results Of 228 neonates with viral LRTI, one-third were 
born prematurely. A seasonal distribution of LRTIs from 
December to March was noticed, peaking in February. For-
ty-two percent of neonates were treated in the neonatal 
intensive care unit. One third of these presented with com-
plications and needed mechanical ventilation. The most 
detected viruses were respiratory syncytial virus and rhi-
novirus. Prematurity was identified as a risk factor for worse 
clinical course and more complications, while rhinovirus 
infection was associated with an increased risk of apnea.

Conclusions The burden of respiratory syncytial virus LRTI 
in the neonatal period is high, although other respiratory 
viruses can also cause a severe respiratory disease. In pre-
term infants, rhinovirus infection presents an important 
risk factor for a severe course of LRTI with complications. 
Infection with two respiratory viruses leads to a more se-
vere clinical course.
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Respiratory syncytial virus (RSV) causes 12%-63% of all 
acute respiratory tract infections (ARTI) in children. Over-
all, 19%-81% of ARTI in children require hospital admission, 
and 2%-12% require intensive care treatment (1). The most 
affected population are infants younger than six months. 
The severity of RSV infection in this period is related to the 
developmental immaturity of innate and adaptive immuni-
ty manifesting as a poorly protective and dysregulated im-
mune response, which leads to exaggerated inflammation, 
increased capillary permeability, bronchoconstriction, and 
necrosis of the respiratory epithelial cells (2,3). The concom-
itant insufficiency of mucociliary clearance leads to airway 
obstruction by thick mucus, which results in increased air-
way resistance, hyperinflation, and atelectasis (4).

To date, only a few studies have investigated the burden of 
viral LRTIs in the neonatal period. A study of children with 
acute bronchiolitis admitted to a pediatric intensive care 
unit in London over a 6-year period (2011-2016) included 
children up to 2 years of age (5). A Slovenian chart review 
also included children with bronchiolitis (2014-2015), but 
not exclusively newborns (6). In addition, a meta-analysis 
of 51 studies included newborns among older children, 
but focused on causative pathogens rather than the age-
related characteristics (7). Therefore, the aim of this study 
is to identify the epidemiological and clinical features of 
acute viral lower respiratory tract infection (LRTI) caused by 
RSV and other respiratory viruses, and to determine the risk 
factors for a severe disease among neonates.

PATIENTS AND METHODS

Patients

We retrospectively reviewed the medical records of neo-
nates aged up to 44 postconceptional weeks admitted to 
the University Medical Center, Ljubljana, Slovenia, due to 
viral LRTI between January 2015 and December 2020. The 
neonates were admitted to hospital based on the attending 
physician’s clinical decision (determined by general appear-
ance, breathing rate, retractions, cyanosis, lethargy, room-air 
SaO2, etc). Exclusion criteria were major congenital anoma-
lies apart from congenital heart disease and microbiological-
ly non-confirmed viral etiology of respiratory tract infection.

The neonates were grouped according to sex, gestational 
age, birth weight, breastfeeding, epidemiological history, 
palivizumab prophylaxis, comorbidities, virus type, the 

month of infection, age at hospital admission, overall 
treatment time, and time in the Neonatal Intensive 

Care Unit (NICU), oxygen therapy, invasive and non-inva-
sive ventilation, and complications (apnea, atelectasis, bac-
terial superinfection, sepsis).

A severe LRTI course was determined if NICU admission 
was needed or if disease complications (atelectasis, ap-
nea, bacterial superinfection, sepsis) were present. The 
diagnosis of bacterial superinfection was based on all 
available clinical information (persistence of fever or a 
bi-phasic fever pattern, respiratory distress deterioration, 
higher oxygen and/or respiratory support requirements), 
laboratory tests (secondary elevation of inflammatory pa-
rameters, detection of bacterial causative agents), or ra-
diographic evidence. The diagnosis of sepsis was based 
on the presence of bacterial superinfection and positive 
blood culture.

Laboratory methods

Respiratory viruses were detected with RT-PCR in nasopha-
ryngeal swabs or tracheal aspirates. All the samples were 
tested for the presence of RSV, rhinovirus (hRV), human bo-
cavirus (hBoV), human metapneumovirus (hMPV), parainflu-
enza virus (PIV), influenza virus type A and B (InfV), human 
coronavirus (hCoV), and adenovirus (AdV). When a bacterial 
co-infection was suspected based on the clinical data and 
laboratory and radiographic findings, the patients were ad-
ditionally tested for pathogenic bacteria in nasopharyngeal 
swab or tracheal aspirate by using aerobic culture. Aerobic 
blood culture was used in the case of suspected sepsis.

Statistical analysis

Numerical data are presented as mean and standard de-
viation (SD), and categorical data as frequencies. The differ-
ences between independent groups in numerical variables 
were tested with a two-sample t test and a Mann-Whitney 
U test, while the differences in categorical variables were 
tested with a Fisher exact test. If the sample size was great-
er than 30, we used the parametric tests; if smaller than 30, 
we used the non-parametric tests. The P value <0.05 was 
considered statistically significant. Data were analyzed by 
using the R statistical software, version 4.0.3, with addition-
al packages from the tidyverse ecosystem.

RESULTS

During the study period, 228 neonates with acute viral LRTI 
were admitted to the hospital. A slight male predominance 
was present (Table 1). Overall, 29.5% of the neonates were 
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born prematurely, and 83.8% were breastfed. The most fre-
quent risk factors for contracting a respiratory virus were 
positive epidemiological history (87.8%) and the presence 
of older siblings (81.6%). A minority of the neonates (5.0%) 
received palivizumab, mostly due to prematurity, and the 
rest due to bronchopulmonary dysplasia (BPD) and con-
genital heart disease (6.0%). The neonates were admitted 

to the hospital at the mean age of 26 days; however, the 
disease began two to three days before that.

A typical seasonal distribution of LRTIs was observed (Figure 
1). Most neonates were admitted from December to March, 
with a peak in February. The median hospital stay duration 
was nine days. More than 40% of neonates were treated in 

TAbLE 1. Demographic and clinical characteristics of the study population

Characteristic
Study population 

(n = 228)
Preterm neonates 

(n = 67)
Term neonates 

(n = 161) P
Sex, n (%) 0.770
male  128 (56.1) 39 (58.2)  89 (55.6)
female  100 (43.9) 28 (41.8)  72 (44.4)
Gestational age in weeks, mean (SD)   37.1 (3.7) 32.5 (3.2)  39.1 (1.1) <0.001
Preterm, n (%)   67 (29.5)
birth weight in grams, mean (SD) 3052.6 (899.8)
breastfed, n (%)  160 (83.8) 30 (61.2) 130 (91.5) <0.001
Palivizumab, n (%)   11 (5.0) 11 (17.7)   0 (0.0) <0.001
Risk factors for infection, n (%)
positive epidemiological history  172 (87.8) 44 (77.2) 128 (92.1) 0.007
siblings  168 (81.6) 49 (79.0) 119 (82.6) 0.560
Risk factors for severe disease, n (%)
bronchopulmonary dysplasia   10 (4.4)  9 (13.4)   1 (0.6) <0.001
congenital heart disease    9 (6.0)  5 (11.9)   4 (3.7) 0.116
Age (postmenstrual) at infection onset in days, mean (SD)   23.8 (20.3) 40.6 (28.6)  16.8 (8.8) <0.001
Age (postmenstrual) at admission to hospital in days, mean (SD)   26.4 (20.3) 43.7 (28.7)  19.3 (8.7) <0.001
Etiology, n (%)
respiratory syncytial virus  181 (79.4) 39 (58.2) 142 (88.8) <0.001
human rhinovirus   28 (12.2) 19 (28.3)   9 (5.6)
human metapneumovirus    6 (2.6)  2 (3.0)   4 (2.5)
parainfluenza virus    6 (2.6)  3 (4.5)   3 (1.9)
influenza virus    5 (2.2)  3 (4.5)   2 (1.2)
human bocavirus    4 (1.8)  1 (1.5)   3 (1.9)
human coronavirus    3 (1.3)  0 (0)   3 (1.9)
two respiratory viruses    5 (2.2)  2 (3.0)   3 (1.9)
Complications, n (%)
apnea   93 (40.8) 39 (58.2)  54 (33.8) 0.001
atelectasis   74 (32.6) 27 (40.3)  46 (28.9) 0.119
bacterial superinfection  102 (44.9) 39 (58.2)  62 (39.0) 0.009
sepsis   14 (6.2)  6 (9.0)   8 (5.0) 0.363
Length of hospitalization in days, mean (SD)    9.2 (7.0) 12.7 (10.4)   7.7 (4.2) <0.001
Length of NICU hospitalization in days, mean (SD)    3.3 (4.8)  5.5 (6.0)   2.3 (3.8) <0.001
Treatment, n (%)
oxygen  199 (87.3) 59 (88.1) 139 (86.9) 1.000
non-invasive ventilation  100 (43.9) 36 (53.7)  63 (39.4) 0.057
invasive ventilation   74 (32.5) 34 (50.7)  39 (24.4) <0.001
Length of treatment in days, mean (SD)
oxygen    4.5 (5.2)  5.8 (7.9)   3.9 (3.4) 0.013
non-invasive ventilation    1.4 (2.2)  1.9 (2.8)   1.1 (1.9) 0.023
invasive ventilation    2.4 (4.0)  4.1 (5.3)   1.6 (3.0) <0.001
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the NICU, and one third of this needed mechanical ventila-
tion. A similar proportion of neonates had complications, in-
cluding apnea, atelectasis, and bacterial superinfection.

In 79.4% of participants, the causative viral pathogen was 
RSV, followed by hRV in 12.2%, hMPV and PIV in 2.6% each, 
InfV in 2.2%, hBoV in 1.8%, and hCoV in 1.3% of participants. 
Two respiratory viruses were detected in 2.2% of neonates, 
most commonly RSV and hRV.

In the pandemic year 2020, the overall number of new-
borns with LRTI and newborns contracting RSV LRTI de-
clined significantly. Soon after the lockdown, no more RSV 
cases were detected, and by the end of the year some spo-
radic non-RSV cases had occurred (hRV, hMPV). The decline 
in LRTI due to RSV in 2020 appeared earlier, and the winter 
peak was absent.

In cases of bacterial superinfection, pneumonia, or sepsis, 
the detected bacterial causative agents were Streptococ-
cus pneumoniae, Haemophilus influenzae, Staphylococcus 
epidermidis, Mycoplasma pneumoniae, Moraxella catarrhalis, 
Escherichia coli, and Klebsiella pneumoniae.

Prematurity

Preterm neonates with viral LRTI were older at the onset 
of the infection and had a worse clinical course of the dis-

ease, needed longer hospital stay, more frequent NICU 
treatment, and non-invasive and invasive ventilation, 
which was needed for a longer time (Table 1). Moreover, 
they had a higher incidence of apnea and bacterial su-
perinfection compared with term neonates. Interestingly, 
preterm neonates were less likely than term neonates to 
contract a RSV infection.

Respiratory syncytial virus and rhinovirus infection

Neonates with RSV LRTI were younger at the onset of the 
infection and at hospital admission, were more commonly 
breastfed, and had a higher incidence of atelectasis than 
neonates with a non-RSV LRTI. Four preterm neonates 
were admitted to the hospital due to RSV LRTI, despite re-
ceiving palivizumab prophylaxis. As mentioned, preterm 
neonates more commonly had non-RSV infections, espe-
cially hRV infection. Another difference was a higher inci-
dence of apnea in the hRV group compared with the non-
hRV group (Table 2).

Infection with two respiratory viruses

Two respiratory viruses were detected in 5 (2.2%) neonates 
with LRTI. RSV was one of the causative pathogens in all 
except one neonate (92.9%), followed by hRV. Neonates 
with LRTI caused by two viruses required longer hospital 
stay (11.1 vs 9.7 days, P = 0.021), longer NICU stay (5.6 vs 

FIGURE 1. Monthly occurrence of viral lower respiratory tract infections due to respiratory syncytial virus (RSV) and non-RSV etiology
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3.1 days, P = 0.044), and more frequent invasive ventilation 
(57.1 vs 30.8%, P = 0.072) with a longer course (4.3 vs 2.2 
days, P = 0.033).

Palivizumab

All 11 palivizumab recipients were born prematurely and 
had a higher incidence of BPD (45.5 vs 1.9%, P < 0.001). 
They were older at the onset of the infection (63.7 vs 21.4 
days, P < 0.001), had a higher incidence of sepsis (27.3 vs 
5.3%, P = 0.025) and apnea (72.7 vs 38.6%, P = 0.030), more 
frequently required invasive ventilation (63.6 vs 29.0%, 
P = 0.038), and needed a longer course of non-invasive 
(3.7 vs 1.2 days, P = 0.013) and invasive ventilation (5.1 vs 
20 days, P = 0.006) than palivizumab non-recipients.

breastfeeding

Almost 84% of neonates were breastfed, and a large major-
ity of these were term (81.2 vs 18.8%, P < 0.001). Breastfed 
neonates were also younger at the infection onset (22.4 vs 
32.3 days, P = 0.014), needed shorter hospital stay (8.1 vs 
12.2 days, P = 0.002), and less frequently needed invasive 
ventilation (25.6 vs 74.4%, P = 0.049) than non-breastfed 
neonates.

Month of contracting the infection

The analysis of LRTI seasonality revealed some intriguing 
results, especially for the winter season. Neonates who 
contracted LRTI in January were more frequently pre-
mature (42.9 vs 24.4%, P = 0.009), had BPD (9.5 vs 2.4%, 

TAbLE 2. Comparison of clinical characteristics, treatment, and complications of neonates with respiratory syncytial virus (RSV), non-
RSV, human rhinovirus (hRV), and non-hRV lower respiratory tract infection

Characteristic

RSV 
infection 
(n = 181)

Non-RSV  
nfection 
(n = 47) P

hRV 
infection 
(n = 28)

Non-hRV 
infection 
(n = 200) P

Sex, n (%) 0.624 0.419
male 100 (55.2) 28 (95.6) 18 (64.3) 110 (55.0)
female  81 (44.8) 19 (40.4) 10 (35.7)  90 (45.0)
Gestational age <37 weeks, n (%)  39 (21.5) 28 (60.9) <0.001 19 (67.9)  48 (24.1) <0.001
breastfed, n (%) 141 (89.8) 19 (55.9) <0.001 13 (65.0) 147 (86.0) 0.025
Palivizumab, n (%)   4 (2.3)  7 (15.6) 0.002  6 (21.4)   5 (2.6) <0.001
Risk factors for infection, n (%)
positive epidemiological history 143 (90.5) 29 (76.3) 0.026 20 (83.3) 152 (88.4) 0.505
siblings 132 (80.0) 36 (87.8) 0.368 23 (88.5) 145 (80.6) 0.426
Risk factors for severe disease
bronchopulmonary dysplasia   5 (2.8)  5 (10.6) 0.034  3 (10.7)   7 (3.5) 0.110
congenital heart disease   6 (4.8)  3 (11.5) 0.186  3 (15.0)   6 (4.6) 0.099
Age (postmenstrual) at infection onset in days, mean (SD)  21.1 (15.8) 34.5 (30.1) <0.001 37.5 (34.0)  21.9 (16.8) 0.066
Age (postmenstrual) at hospitalization in days, mean (SD)  23.6 (15.7) 37.7 (30.4) <0.001 40.3 (34.8)  24.5 (16.6) 0.059
Length of hospitalization in days, mean (SD)   8.9 (5.4) 10.5 (11.2) 0.144 10.5 (9.8)   9.0 (6.6) 0.830
Length of NICU hospitalization in days, mean (SD)   3.1 (4.7)  3.9 (5.1) 0.343  3.9 (5.6)   3.2 (4.7) 0.874
Treatment
oxygen 159 (87.8) 40 (85.1) 0.626 24 (85.7) 175 (87.5) 0.764
non-invasive ventilation  80 (44.2) 20 (42.6) 0.870 10 (35.7)  64 (45.0) 0.419
invasive ventilation  56 (30.9) 18 (38.3) 0.383 10 (35.7)  64 (32.0) 0.673
Length of treatment in days, mean (SD)
oxygen   4.4 (4.7)  4.8 (6.8) 0.658  4.3 (4.4)   4.5 (5.3) 0.624
non-invasive ventilation   1.4 (2.1)  1.2 (2.4) 0.679  1.0 (2.0)   1.4 (2.2) 0.327
invasive ventilation   2.2 (4.0)  2.9 (4.2) 0.306  3.2 (4.7)   2.2 (3.9) 0.398
Complications
apnea 67 (37.0) 26 (55.3) 0.030 17 (60.7)  76 (38.0) 0.025
atelectasis 62 (34.4) 12 (25.5) 0.296  9 (32.1)  65 (32.7) 1.000
bacterial superinfection 81 (45.0) 21 (44.7) 1.000 13 (46.4)  89 (44.7) 1.000
sepsis 10 (5.6)  4 (8.5) 0.496  3 (10.7)  11 (5.5) 0.390
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P = 0.029), received palivizumab (14.8 vs 1.2%, P < 0.001), 
needed a longer NICU stay (4.4 vs 2.9 days, P = 0.012) and 
hospital stay (10.8vs. 8.6 days, P = 0.026), and had a high-
er incidence of complications, such as atelectasis (46.0 
vs 27.4%, P = 0.011) and apnea (52.4 vs 36.4%, P = 0.035), 
compared with neonates who contracted the infection in 
other months.

The overall incidence of LRTI was highest in February, es-
pecially due to RSV (83.9 vs 74.5%, P = 0.009). Neonates 
who contracted LRTI in February were younger at the on-
set of the disease (17.5 vs 26.9 days, P < 0.001), but the clini-
cal course of LRTI during this month in certain aspects was 
milder compared with other months.

DISCUSSION

Though this study confirmed a high burden of RSV, which 
is known to be prevalent in children under two years of 
age, the main finding was that other respiratory viruses 
also caused severe respiratory disease. Additionally, the 
study found that in preterm infants a non-RSV infection 
may be a serious risk factor for a severe course of LRTI. To 
the best of our knowledge, this is one of the few studies 
to focus on this vulnerable period of life, in which prenatal 
and perinatal risk factors and an immature immunological 
system interact with the pathogen properties and clinical 
course of the disease.

The high burden of RSV infection is exemplified by more 
than 3/4 of LRTI cases caused by the virus in this study. All 
other respiratory viruses together were responsible for less 
than 1/4 of the LRTI cases, predominantly hRV infection, 
accounting for 12.2% of cases, followed by hMPV, PIV, InfV, 
hBoV, and hCoV. Other comparable studies, although con-
ducted in older children, showed a similar distribution of 
causative viral agents. In these studies, RSV accounted for 
60%-88% of viral LRTI in children below 12 months of age, 
followed by hRV, InfV, HCoV, and hMPV (5,6,8). Similarly, in 
a meta-analysis of 51 studies, RSV was the most detected 
virus in children under two years of age (59%), followed by 
hRV (19%), hBoV, AdV, hMPV, PIV, InfV, and hCoV (7). RSV 
was also the predominant virus detected in multiple-eti-
ology cases, and the most common couple was RSV and 
hRV. The latter finding was also consistent with this study.

RSV LRTI in children is an important reason for hospital 
admission. A study from England showed that most hos-

pital admissions due to RSV infection occurred in the 
first three months of life (9). A recent meta-analy-

sis of acute RSV LRTI in children younger than five years, 
encompassing 58 countries, revealed that 45% of infants 
with RSV LRTI who were younger than one year needed 
hospital admission (10). At the same time, only 23% of in-
fants younger than six months with InfV infection needed 
hospital admission (11).

In children under two years, RSV causes more severe LRTI 
than other respiratory viruses, and premature neonates are 
the most vulnerable subgroup of these children (8,9). A 
combination of weaker respiratory epithelium protection 
and immune response could permit greater viral replica-
tion, and consequently increased disease severity in pre-
term neonates (2,4). However, most infants hospitalized 
due to RSV LRTI are born at term and have no risk factors 
for the severe course of the disease (9).

Preterm neonates had a worse clinical course of LRTI than 
term neonates, as they needed longer hospital stay, more 
frequent NICU treatment, and non-invasive ventilation, 
and finally more frequent and longer invasive ventilation. 
They were also more likely to have apnea and secondary 
bacterial superinfection. A study investigating LRTI infec-
tions with hMPV, RSV, and PIV in term and preterm infants 
similarly revealed a more severe disease course in the pre-
term group (12).

However, our study showed preterm neonates having a 
lower incidence of RSV infection and a higher incidence 
of non-RSV, particularly hRV, infection compared with term 
neonates. Non-RSV infection seems to be a significant risk 
factor for a severe course of LRTI in this subgroup. Further-
more, 58% of preterm neonates with hRV LRTI had apneas, 
46% had bacterial superinfection, and one neonate died 
from sepsis. These findings are consistent with other stud-
ies showing hRV as an important pathogen and risk factor 
for a severe respiratory disease in preterm neonates. They 
also confirm that young age and prematurity are the main 
risk factors for apnea, regardless of the causative respirato-
ry virus (13,14). Additionally, apneas could be related to the 
pathophysiology of the LRTI and not to the pathogen itself 
(15). On the other hand, extreme prematurity could lead 
to increased airway secretion of Th2 and Th17 cytokines 
during hRV infections, which closely resembles the inflam-
mation in asthma, and could be associated with increased 
respiratory morbidity in the first two years of life (16,17).

Except RSV and hRV, the study did not find that any other 
respiratory virus significantly affected the severity of LRTI 
in neonates, probably simply due to the low incidence of 
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these viruses. Although Bordetella pertussis (BP) infection 
is common in young infants hospitalized for acute bron-
chiolitis, mostly as a coinfection with respiratory viruses, 
and although it is difficult to differentiate viral bronchioli-
tis from pertussis based on clinical findings and unspecific 
laboratory parameters, BP infection was not routinely ruled 
out in our study. In fact, a single case of BP monoinfection 
was found, but due to the absence of viral coinfection the 
case was excluded from the analysis. A targeted testing for 
BP would probably demonstrate a higher presence of this 
bacterium. However, BP coinfection usually does not affect 
the clinical severity in infants hospitalized due to acute vi-
ral bronchiolitis (18,19).

Preterm neonates were more than twice as old at the on-
set of LRTI as term neonates. This could be explained by 
their longer primary hospital stay due to prematurity and 
their consequent delayed environmental exposure to re-
spiratory viruses. Although the immune response of pre-
term and term neonates differs significantly at birth, the 
main differences diminish at three months (20). Therefore, 
the age difference between preterm and term neonates 
was still too small from the immunological point of view to 
claim that preterm neonates were immunologically similar 
to their term peers.

Remarkably, the study did not confirm the vastly different 
clinical course of LRTI caused by RSV and other respiratory 
viruses observed in other studies. Very few available stud-
ies investigate the differences in the clinical course of RSV 
and non-RSV LRTI in the neonatal period. One of them sim-
ilarly reported no differences between the groups in the 
occurrence of cough, fever, wheezing, dyspnea, cyanosis, 
and refusal to feed, although neonates with RSV presented 
more frequently with tachypnea, moist rales, and extend-
ed hospital stay (21). However, studies comparing the clini-
cal course of LRTI in older children (below two years of age) 
showed that the length of hospital stay, intensive care unit 
hospitalization, and mechanical ventilation was longer in 
children with RSV infection (22).

In our study, the number of palivizumab recipients was 
rather low (5.0%), and most of them (63.6%) contracted 
non-RSV LRTI, which in a way could be interpreted as ef-
fective RSV prophylaxis. However, four neonates receiving 
palivizumab (exclusively due to prematurity) did contract 
RSV infection. All four cases occurred during December 
and February, when the environmental viral load reach-
es its peak and they all had siblings. All except one were 
breastfed. The first two patients were extremely preterm 

twins (27 weeks’ gestation) who received three doses of 
palivizumab. The first twin needed three days of non-inva-
sive ventilation; the second one had bacterial pneumonia 
with atelectasis and required nine days of invasive ventila-
tion and additional nine days of non-invasive ventilation. 
The last two neonates were born after 31 weeks’ gestation 
and both received one dose of palivizumab. The third neo-
nate required eight days of invasive ventilation, also due to 
bacterial pneumonia. The fourth neonate had the mildest 
clinical course as he required only four-day additional oxy-
gen treatment. Palivizumab prophylaxis is mainly limited 
to selected high-risk infants for the first RSV season (23). 
It generally prevents RSV infection and the severe course 
of LRTI, unfortunately not entirely, as was also observed in 
this study. Therefore, all other epidemical preventive mea-
sures should still be followed, at least until a more efficient 
monoclonal antibody or vaccine arrives (24).

Breastfeeding, probably due to a wide range of immuno-
modulatory constituents of human milk, provides a broad 
anti-inflammatory defense for the infant against diarrhea, 
respiratory infections, necrotizing enterocolitis, otitis me-
dia, and possibly also against urinary tract infections, aller-
gies, and other immunological diseases (25-28). This study 
also confirms the beneficial effect of human milk on the 
clinical course of LRTI in neonates as breastfeeding evi-
dently shortened the hospital stay and reduced the need 
for invasive ventilation. Obviously, most breastfed neo-
nates were born at term, so prematurity could also have 
significantly influenced the clinical course. Still, the ques-
tion remains why respiratory viruses affect neonates to 
such an extent, despite the high proportion of breastfed 
infants. One study suggests that mothers of infants with 
LRTI produce lower IgG concentrations in their milk, which 
could play an important role in disease severity (29).

Acute viral LRTI is a seasonal disease, appearing most fre-
quently in epidemics during the winter months in the 
northern hemisphere (1,7). This is consistent with the find-
ings of this study, which showed a typical seasonal pattern 
of LRTI in neonates caused by all respiratory viruses, espe-
cially RSV. According to the data from Slovenian Nation-
al Institute of Public Health, the RSV epidemics in 2015 to 
2019 started in December, peaked in February, and ended 
in April (30). The occurrence of neonatal RSV LRTI clearly 
followed this national pattern.

The monthly variability of the characteristics and clini-
cal course of neonates with LRTI was evident during 
winter months. Neonates hospitalized in January 
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were more likely to be preterm, needed longer hospital 
stay, and had a more severe disease course and a higher 
incidence of complications. Most neonates hospitalized 
in February were born at term and were younger at the 
onset of the infection. There was a remarkably high inci-
dence of RSV LRTI, apparently due to an increased envi-
ronmental viral load, which possibly also caused infection 
of chronologically younger individuals. Interestingly, in 
March, the third most affected month of the year, no sig-
nificant differences were found.

Notably, this study was conceived before the COVID-19 era 
but includes the data for the entire 2020, in the beginning 
of which the pandemic started. Although no SARS-CoV-2
-positive newborn was detected by the end of the study, 
the epidemiology of viral respiratory infections during the 
pandemic year was significantly influenced by preventive 
epidemiological measures. Low level of respiratory infec-
tions, atypical seasonality with earlier decline of RSV LRTIs, 
and the absence of winter peak was observed. In contrast 
to RSV, which was not detected after the lockdown, de-
spite their overall decline, some individual non-RSV cases 
were identified throughout 2020.

The main limitations of our study were the retrospective 
methodology and monocentric data sampling. However, 
the study improves the insight into neonatal viral LRTI and 
offers future research suggestions for temporal and geo-
graphical sample expansion and comparison of the pre-
COVID-19 and post-COVID-19 pandemic era.

In conclusion, the burden of RSV LRTI in the neonatal pe-
riod is high, although infection with other respiratory vi-
ruses can also cause severe respiratory disease. Especially 
in preterm infants hRV presents an important risk factor 
for a severe course of LRTI with complications. Infection 
with two respiratory viruses leads to a more severe clini-
cal course. February is the most affected month, with the 
highest incidence of RSV infections. Palivizumab effective-
ly prevents RSV infection and the severe course of LRTI, 
although not entirely.
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