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abStract

Introduction: Acute lower respiratory infection (ALRI), comprising both bronchiolitis and pneumonia, is 
a global leading cause of morbidity and hospital admissions of infants and young children, with respiratory 
syncytial virus (RSV) being a major viral cause. Guidelines recommend a clinical diagnosis of bronchiolitis 
but do not advise how to distinguish between different viral aetiologies using clinical, laboratory, and radio-
logical criteria.
Aim of the study: The aim of this study was to provide clinical data that characterise RSV and non-RSV 
aetiology of bronchiolitis for the purpose of better defining the correlations between the viral aetiology and 
clinical characteristics as well as the risk factors of severe disease.
Material and methods: We retrospectively reviewed 135 records of 116 infants and young children who were 
hospitalised due to bronchiolitis during one infectious season. A detailed analysis of patients’ medical histo-
ry, clinical course of bronchiolitis, viral aetiology of infection, basic laboratory tests, as well as radiological 
findings was performed.
Results: Children with RSV bronchiolitis more frequently demonstrated obstruction of the lower airways 
manifesting with diminished breath sounds and crackles on auscultation and more severe course of the disease 
than non-RSV patients, defined as hypoxaemia and desaturation, the need for supplemental oxygen, longer 
duration of oxygen therapy, and a longer hospitalisation.
Conclusions: Clinical symptoms of obstruction of lower airways are more frequent and more severe in RSV 
than in non-RSV bronchiolitis. Because basic laboratory tests and chest radiographs are not helpful in dis-
tinguishing between RSV and non-RSV bronchiolitis, their use in uncomplicated cases should be limited. 
Therefore, careful clinical assessment and monitoring of children with bronchiolitis is of utmost importance 
in predicting the course of ALRI and in the implication of therapeutic decisions.
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intrOductiOn

Bronchiolitis is a global leading cause of morbidity 
and hospital admissions of children under the age of five 
years. In infants, bronchiolitis is diagnosed in about 70% 
of acute lower respiratory infections (ALRI), with respira-
tory syncytial virus (RSV) being a major viral cause, iden-
tified in 76% [1] to more than 80% of cases [2]. Among 
other viral aetiologies in infantile bronchiolitis, human 
rhinovirus (hRV), influenza virus, coronavirus (hCoV), 
human metapneumovirus (hMPV), parainfluenza virus 
(PIV), and human bocavirus (hBoV) have been identi-
fied with different frequency due to seasonality, settings, 
and patient-related demographic data [1, 3]. The diagno-
sis of bronchiolitis and the assessment of disease severity 
is based on patient history and a physical examination 
[4]. The course of bronchiolitis usually begins with a pro-
drome of airway infection with rhinorrhoea, low-grade 
fever, and cough, progressing to tachypnoea, crackles 
and wheezes on chest examination, and variable degree 
of respiratory distress with grunting, chest retraction, 
indrawing, and nasal flaring. The severity of viral bron-
chiolitis is variable and there are no objective markers to 
predict the progression of the disease. The risk of a se-
vere clinical course of RSV bronchiolitis in children below 
two years old is first of all determined by comorbidities, 
such as chronic lung disease, e.g. cystic fibrosis, haemo-
dynamically significant congenital heart disease, primary 
or secondary immunodeficiency, neuromuscular disease, 
trisomy 21, inborn errors of metabolism, and prematurity 
[4, 5]. However, the majority of children hospitalised due 
to RSV-bronchiolitis are previously healthy without any 
underlying medical condition [6, 7], and in these chil-
dren individual and socioeconomic factors, such as age  
< 6 months, siblings, day-care attendance, RSV season-
ality, as well as exposure to tobacco smoke and maternal 
smoking during pregnancy are determinants of disease 
severity [6]. Moreover, clinical studies have also under-
lined the role of different respiratory viruses as deter-
minants of clinical course of bronchiolitis assessed by 
oxygen saturation at admission, need of oxygen supple-
mentation, daily clinical score, and length of hospitalisa-
tion, with RSV being the most frequently predominating 
pathogen responsible for an early first episode of bronchi-
olitis in young infants [8, 9]. However, only a few studies 
have focused on the comparison of laboratory parameters 
and radiological features of RSV and non-RSV bronchiol-
itis in hospitalised infants [5, 6, 8, 10].

The aim of the study was to provide clinical data that 
characterise RSV and non-RSV aetiology of infantile 
bronchiolitis for the purpose of better defining correla-
tions between the viral aetiology and clinical character-
istics and risk factors associated with severe clinical ex-
pression. The purpose of the study also had a practical 
aspect: we wanted to find out if there are typical signs 
and symptoms discriminating RSV and non-RSV aetiol-

ogy of bronchiolitis, which could be helpful for clinicians 
to make appropriate decisions.

Material and MethOdS

STUDy groUP

We retrospectively reviewed the medical files of 116 
infants and young children, aged from two to 60 weeks, 
who had been hospitalised due to bronchiolitis in a pneu-
monology, allergology, and clinical immunology unit 
of the paediatric university hospital during one season 
(from September to April). According to the result of an 
RSV examination in the nasopharyngeal aspirate, the 
study population was divided into children with RSV(+) 
and RSV(–) bronchiolitis. 

MeThoDS

The diagnosis of bronchiolitis in the patients studied 
was established by an experienced team consisting of pae-
diatric residents, paediatricians, and a paediatric pulmon-
ologist, according to the guidelines of the American Acad-
emy of Pediatrics, which defines bronchiolitis as a clinical 
syndrome assessed by history and physical examination 
[4]. Based on patients’ medical files, we obtained epide-
miologic and demographic data, such as the patients’ age, 
gender, prenatal and postnatal history, as well as underly-
ing medical conditions. A clinical assessment of disease 
severity was performed based on clinical data, the results 
of physical examination, the need for supplemental oxy-
gen therapy, duration of the hospitalisation, clinical dete-
rioration with progression to respiratory and circulatory 
insufficiency, and intensive care unit admission. 

Basic laboratory test done on admission comprised 
capillary blood gases, complete peripheral blood count 
with a differential white cell count, C-reactive protein 
(CRP), and serum sodium and potassium levels. De-
tection of RSV in the nasopharyngeal aspirate was per-
formed within the initial 24 hours of hospitalisation using 
direct immunofluorescence test (IF), and if negative but 
with strong clinical suspicion of RSV aetiology (as in five 
cases), IF was verified using RT-PCR (real time-poly-
merase chain reaction) method.

According to the hospital protocol, in every hospital-
ised patient with bronchiolitis, a chest X-ray (CXR) was 
carried out in the emergency room on admission and al-
ternatively during hospitalisation on severe clinical dete-
rioration, and thus coexisting pneumonia was assessed on 
the basis of radiographic findings, such as consolidations 
and alveolar infiltrates [11].

STATISTICAl AnAlySIS

Since the evaluation of differences in aetiology and 
clinical presentation between the first and the second ep-
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isode was not the aim of the study, every episode of bron-
chiolitis was studied separately. All pairwise comparisons 
between the RSV positive group and non-RSV group 
were performed using the Mann-Whitney test for con-
tinuous variables, the odds ratio (OR), and corresponding 
95% confidence intervals (95% CI), together with the χ2 
or Fisher’s exact test, if appropriate, for categorical vari-
ables. Logistic regression was used to describe the asso-
ciations between clinical, laboratory, and radiological 
manifestations as well as the occurrence of RSV infection 
adjusted to known risk factors, such as age and sex (aOR). 
A two-sided p-value < 0.05 was used to test for statistical 
significance. All statistical analyses were performed using 
PQStat v1.6.2 software.

reSultS

Demographic, epidemiological, and seasonal differ-
ences between RSV and non-RSV infections

There were 135 episodes of bronchiolitis in 116 chil-
dren studied, among whom 74 (64%) were male. There 
were eight children born prematurely between the 24th 
and 29th week of gestational age (WGA), with chronic lung 
disease of prematurity, who received palivizumab immu-
noprophylaxis. Among them, two twin infants developed 
RSV(+) and the other six RSV(–) bronchiolitis. Among 
the total 135 episodes of bronchiolitis, in 45 episodes in 
our study group (33%), we found an RSV positive test and 
in as many as 90 episodes (67%) RSV test result was found 
negative. The peak of RSV infections was in February and 
non-RSV infections predominated in January; a detailed 
monthly distribution of RSV(+) and RSV(–) infections 
during the study period is shown in Figure 1.

The mean age of RSV(+) children with bronchiol-
itis was 10 weeks and that of RSV(–) patients was eight 
weeks; this age difference was not statistically signifi-
cant (p = 0.33). The male gender predominated in both 
groups, namely 29 episodes (63%) of RSV(+) and 59 ep-
isodes (64%) of RSV(–) bronchiolitis occurred in boys; 
however, male gender in our study was not a predispos-
ing factor for RSV infection (OR = 1; 95% CI 0.47–2.11). 
Among the RSV(+) children studied, the majority of 

them (59%) had underlying medical conditions, most 
frequently hypogammaglobulinaemia and food aller-
gy, but none of these factors significantly increased the 
risk of RSV infection in the children studied (p = 0.11,  
OR = 2.25; 95% CI 0.82–6.13 and p = 0.65, OR = 0.81; 
95% CI 0.32–2.02, respectively). On the contrary, the ma-
jority (56%) of patients with non-RSV infection were pre-
viously healthy. Notwithstanding the children in whom 
RSV was detected, more frequently (54% of the RSV[+] 
patients) had positive family history of atopy (asthma 
and allergic rhinitis in first-degree relatives) compared 
to non-RSV patients (in 47% of the RSV[–] children the 
family history towards atopy was contributory); however, 
this difference was not statistically significant (p = 0.42). 

In our study group, prematurity did not pose an in-
creased risk of RSV infection (p = 0.33), but maternal 
pregnancy complications, such as diabetes, hyperten-
sion, thyroid dysfunction, and anaemia were associated 
with more frequent detection of RSV in their children  
(OR = 0.34; 95% CI 0.16–0.73).

ClInICAl PreSenTATIon of rSV  
VS. non-rSV BronChIolITIS

The most common symptoms reported by parents 
were rhinitis, coughing, and poor feeding, which were 
present in both the RSV(+) and the RSV(–) children 
studied, whereas fever > 38°C was found in a minority of 
children with RSV(+) and RSV(–) ALRI (18% and 20% of 
all episodes, respectively). None of these symptoms were 
predictors of RSV infection.

On admission, signs and symptoms of bronchiolitis 
assessed during physical examination did not discrim-
inate between RSV(+) and RSV(–) bronchiolitis except 
crackles and decreased breath sounds on auscultation, 
which were more typical and statistically significant 
(p-values < 0.05 and 0.03, respectively) for RSV infection. 
Distribution of signs and symptoms manifested by chil-
dren studied along with results of physical examination 
are presented in Table 1.

ClInICAl CoUrSe of rSV VS. non-rSV 
BronChIolITIS

The median duration of therapy in the hospital overall 
for all the children studied was nine days. RSV infect-
ed patients required longer hospitalisation (the median 
length of stay was 11 days) than children in the RSV(–) 
group (the median length of stay was seven days) and 
RSV(+) cases were significantly more frequently hospi-
talised for more than nine days, and this correlation was 
statistically significant (p = 0.00). 

Furthermore, 73% of children with RSV(+) bronchi-
olitis showed hypoxaemia and desaturation that posed 
a need for supplemental oxygen therapy, compared to 
27% of non-RSV cases for whom oxygen therapy was 

figure 1. Monthly distribution of RSV vs. non-RSV acute lower re-
spiratory infection in the children studied
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required. The duration of oxygen supplementation was 
five and four days for the RSV(+) and RSV(–) cases, re-
spectively, and this difference did not prove to be statis-
tically significant (p = 0.45). The clinical severity score 
did not differ between RSV(+) and RSV(–) premature in-
fants who received palivizumab prophylaxis. Among all  
135 episodes of bronchiolitis, two of them, one RSV(+) 
and one RSV(–), developed respiratory failure severe 
enough to require admission to the Intensive Care Unit. 

lABorATory fInDIngS

Hypoxaemia and desaturation in capillary blood gas 
analysis on admission was assessed significantly more fre-
quently in the RSV(+) cases of the children studied with 
bronchiolitis than in the RSV(–) cases (for hypoxaemia: 
OR 2.36, 95% CI [1.06–5.25] and aOR [OR adjusted for 
age and gender] 2.76 [1.20–6.35]; for desaturation: OR 
3.76, 95% CI [1.72–8.22] and aOR 4.15 [1.85–9.34]).

The most frequent abnormality found in basic labo-
ratory tests was thrombocytosis in the peripheral blood 
cell count, which was observable in 39% of patients with 
RSV(+) and in 23% of patients with RSV(–) bronchi-
olitis. Cellular shifts in the white blood cell differential 
were found in 82% and 89% of RSV(+) and RSV(–) cases 
studied, respectively, and monocytosis was the most fre-
quently observed abnormality with a similar distribution 
in both groups (p = 0.39). The following cellular deviation 
was lymphocytosis, which was statistically significantly 
more frequent in RSV(–) aetiology (p = 0.04). The C-re-

active protein (CRP) concentration was increased in 30% 
of RSV(+) cases and in 19% of RSV(–) cases, but this dif-
ference was not significant (p = 0.19). Likewise, sodium 
and potassium levels did not discriminate between the 
RSV(+) and RSV(–) aetiology in the children studied.

rADIologICAl MAnIfeSTATIonS

Only four RSV(+) and three RSV(–) children with 
bronchiolitis had a CXR reported as normal. The most 
common radiological findings in both RSV and non-RSV 
patients were hyperinflation and peribronchial thickening, 
and none of these radiological patterns were associated 
with RSV or the non-RSV aetiology of bronchiolitis. In 
two children, one with RSV(+) bronchiolitis and the other 
one with RSV(–) bronchiolitis, a CXR revealed massive in-
flammatory infiltrations in the lung parenchyma as shown 
in Figure 2 and 3, respectively, clinically correlating with 
a severe clinical state and respiratory insufficiency. 

diScuSSiOn

In our retrospective study, we analysed demographic, 
seasonal and epidemiological factors, as well as clinical 
manifestations of both RSV and non-RSV bronchiolitis in 
infants and children under the age of two years, with the 
course of the disease severe enough to require hospitalisa-
tion. The aetiology of bronchiolitis in the children stud-
ied was RSV infection in only 33% of them, in contrast 
to other studies reporting RSV aetiology in as many as  

table 1. Symptoms and signs manifested by children with RSV and non-RSV bronchiolitis and assessed in the physical examination

Symptoms and signs RSV Non-RSV p-value OR (95% CI) aOR (95% CI) p-value

n % n %

Rhinitis 34 75 68 75 1.00 1.00 (0.43–2.30) 1.10 (0.47–2.58) 0.82

Cough 44 97 80 89 0.09 5.45 (0.73–243.76) 4.47 (0.54–36.85) 0.16

Fever 9 18 16 20 0.75 1.15 (0.47–2.87) 0.93 (0.36–2.54) 0.93

Wheezing 5 11 4 4 0.16 2.66 (0.54–14.18) 2.51 (0.64–9.93) 0.19

Regurgitation 1 2 11 12 0.06 0.16 (0.04–1.20) 0.18 (0.02–1.46) 0.11

Poor feeding 19 42 26 29 0.12 1.80 (0.85–3.80) 2.08 (0.96–4.53) 0.06

Vomiting 4 9 9 10 1.00 0.88 (0.19–3.39) 0.77 (0.22–2.73) 0.69

Diarrhoea 1 2 3 3 1.00 0.66 (0.01–8.51) 0.44 (0.04–4.6) 0.50

Apnoea 1 2 2 2 1.00 1.00 (0.02–19.70) 0.95 (0.08–10.98) 0.97

Tachypnoea 27 61 40 43 0.09 1.88 (0.91–3.88) 1.76 (0.84–3.67) 0.13

Chest wall retraction 37 82 60 67 0.06 2.31 (0.96–5.58) 2.10 (0.86–5.13) 0.10

Decreased breath 
sounds 

30 67 42 47 0.03 2.28 (1.08–4.82) 2.11 (0.99–4.49) 0.05

Crackles 30 67 30 33 < 0.05 4.00 (1.87–8.54) 3.99 (1.85–8.60) < 0.05

Rhonchi 17 38 48 53 0.09 0.53 (0.26–1.10) 0.53 (0.25–1.11) 0.09

Wheezing 16 36 34 38 0.80 0.91 (0.43–1.91) 0.70 (0.31–1.57) 0.39

Rales 9 20 20 22 0.77 0.88 (0.36–2.11) 0.96 (0.39–2.35) 0.92
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50–80% of hospitalised children < 2 years old with bron-
chiolitis [1, 10], and ranging widely from 17.5% [12] 
to 80.8% [13] in epidemiological studies that included 
patients aged from one to 16 years. The practice in our 
hospital, on admission, is to perform a nasopharyngeal 
aspirate, and an immunofluorescent test is routinely 
performed in children to define the aetiology of ALRI; 
however, its sensitivity and specificity are a matter of de-
bate [14, 15] and may be, at least in part, responsible for 
false negative results. Notwithstanding, in accordance 
with other clinical and epidemiological studies, the age 
and gender distribution in our study group showed that 
RSV(+) children were most frequently in the 0–3-months 
age group, with a preponderance of males [5, 16, 17]. 

Although prematurity is an important risk factor for 
RSV bronchiolitis due to impaired innate and adaptive 
immunity, immune dysregulation with excessive immune 
cell activation and tissue damage as well as chronic lung 
disease of prematurity [18, 19], in our study prematuri-
ty was not associated with an increased risk of an RSV 
infection. We observed a higher prevalence of prematu-
rity between the 24th and 29th week of gestational age in 
patients with non-RSV infection, in accordance with the 
report of Garcia et al. [6]. This effect may be related to an-
ti-RSV immunoprophylaxis with palivizumab. However, 
it is worth noting that the prophylaxis guidelines are re-
stricted to infants born before the 29th week of gestational 
age, infants with chronic lung disease of prematurity, and 
infants with haemodynamically significant heart disease 
[20, 21]; thus, preterm infants born at 32–35 weeks of 
gestational age without these comorbidities, who do not 
receive anti-RSV prophylaxis, have a substantially higher 
risk of RSV infection [22–24].

The most common clinical presentation of bronchiol-
itis in the children studied before admission was rhinor-
rhoea, coughing, and poor feeding. Coughing and poor 
feeding were more frequently observed in the RSV(+) 
ALRI group, but the difference between RSV(+) and 

RSV(–) groups was not significant. The same conclusions 
were drawn in the comparable analysis of 40 RSV vs.  
40 non-RSV cases reported by Ramagopal et al. [5] and by 
Manoha et al. [25], based on an analysis of symptomatol-
ogy of hMPV, hRV, and RSV infections in children under 
three years old. Poor feeding, in turn, correlating with 
more severe initial presentation, and the RSV infection 
in infants with ALRI was observable in the multi-centre, 
prospective study by Bamberger et al. [26]. In our study, 
the initial clinical presentation seen on admission to the 
hospital was more severe in the RSV(+) group of children, 
with a higher, but not statistically significant incidence 
of tachypnoea, chest wall retraction, diminished breath 
sounds, and crackles on chest auscultation. The latter 
showed a correlation with RSV aetiology in our study 
group, whereas in other clinical reports, a relationship 
between wheezes on auscultation and RSV aetiology of 
bronchiolitis is stressed [2, 5, 7, 11, 27, 28]. A reduced oc-
currence of wheezes on auscultation in infants with severe 
presentation of ALRI may be explained by the frequent 
administration of a nebulised bronchodilator in the emer-
gency department, which may in turn contribute to a par-
tial alleviation of small airway obstruction and to reducing 
the frequency of wheezing during clinical examination. 

In our study, an assessment of clinical disease severity 
based on a blood gases analysis showed that desaturation 
and hypoxaemia as well as a requirement for supplemen-
tal oxygen and longer duration of oxygen therapy were 
strongly related to an RSV aetiology of bronchiolitis, and 
this finding is consistent with reports of other authors 
[29]. Basic laboratory tests done frequently on admission 
to the hospital, which serve as a clinical assessment and 
as the basis for making decisions about general manage-
ment, such as a complete blood count, a differential white 
blood cell count, CRP, and electrolytes, did not differ be-
tween RSV(+) and RSV(–) groups, as was also shown in 
other reports [29], and therefore they are generally un-
helpful and not to be recommended [4, 29]. 

figure 2. Massive pulmonary consolidated parenchymal infiltra-
tions in a four-month-old infant with RSV(+) bronchiolitis

figure 3. RSV(–) bronchiolitis in an 11-month-old infant with asso-
ciated bilateral inflammatory infiltrations in the central lung zones
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In all the children studied, chest radiographs were 
done in the emergency department, predominantly show-
ing hyperinflation and peribronchial opacities, with sim-
ilar frequency in both the RSV and non-RSV groups, and 
therefore neither was it helpful in discriminating between 
different aetiologies nor did it lead to any implications 
for clinical management. According to the American 
Academy of Paediatrics guidelines [4], the CXR routine 
is not recommended in children with a clinical diagnosis 
of bronchiolitis because it is a poor indicator of aetiolo-
gy and only partially contributes to decisions related to 
treatment modifications [5]. However, it is indicated that, 
when there is lack of improvement in a hospitalised child 
at the expected rate or when the clinical course of the 
disease is severe [11, 30], possible pulmonary complica-
tions and congenital malformations of the tracheobron-
chial tree should be excluded. Careful clinical monitoring 
should be provided for young children with bronchiolitis 
instead of CXR in uncomplicated cases.

In conclusion, there were no significant differences in 
clinical symptomatology between RSV and non-RSV ae-
tiology of ALRI before admission. Basic laboratory tests 
and chest radiographs were not helpful in distinguishing 
between RSV(–) and RSV(+) bronchiolitis, and because 
they are poor indicators of aetiology their use in uncom-
plicated cases should be limited. In hospitalised children 
with bronchiolitis, and with results of a physical examina-
tion with crackles found on lung auscultation and a more 
severe clinical course of the disease defined as hypoxae-
mia and desaturation, the requirement for supplemental 
oxygen, a longer duration of oxygen therapy, and a longer 
hospital stay correlated with RSV aetiology. Therefore, the 
careful clinical assessment and monitoring of children 
with RSV bronchiolitis is of utmost importance in pre-
dicting the course of bronchiolitis and in the implication 
of therapeutic decisions.
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