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Abstract

Objectives: Respiratory syncytial virus (RSV) is a major cause of respiratory infections in infants and children. The aim of this study
was to evaluate clinical significance of respiratory infections as single pathogen RSV, respiratory viruses with RSV and those with
bronchiolitis caused by other respiratory viruses.
Methods: A total of 316 throat swabs were collected from children diagnosed with acute bronchiolitis. Real-time polymerase chain
reaction was used to identify the viruses in the samples. The subjects were divided into three groups: single pathogen RSV, agents
with RSV and agents without RSV. Binary logistic regression analysis was used to evaluate the corelation between single and multiple
RSV infection group and infections without RSV group for parameters including age, wheezing, supplemental oxygen therapy.
Results: The overall positivity for viruses in the study was found to be 75% with a co-infection rate of 34.2%. Compared to children
with RSV alone, children with any other agents accompanying RSV, were not very likely to have fever, wheezing or supplemental
oxygen therapy.
Conclusions: The findings of our study suggest that RSV still represents a large burden of bronchiolitis since it is associated with
the hospitalization of children, particularly those less than six months old. We can not foresee the clinical presentation of specific
agent or agents in connection to being with or without RSV in infants with any level of bronchiolitis. The study agrees with the
concept that co infections with or without RSV do not increase the severity of the disease.
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1. Background

Respiratory syncytial virus (RSV) is usually the cause of
more than 50% of cases of acute bronchiolitis in infants
(1). World health organization (WHO) has reported that
RSV is the causative pathogen for over 30 million new acute
lower respiratory infection episodes including acute bron-
chiolitis in children under five years of age and it gives rise
to more than 3.4 million hospital admissions and 160,000
deaths every year (2). CDC stated that the avarage RSV
hospitalization rate was 5.2 per 1000 children under 24
months from 2000 to 2004 (3).

Acute bronchiolitis is one of the most important con-
ditions in infants under 24 months as it is very common
and the leading cause of hospitalization. Recent stud-
ies have investigated the differences of the clinical out-
come for those with sole viral infection compared to co-
infection with or without RSV. Some authors also stated
that acute RSV bronchiolitis was associated with more se-

vere diseases compared to patients without RSV (4-6). How-
ever, according to some authors there is no relation be-
tween RSV-coinfections and increase in the disease sever-
ity (7, 8). Due to the fact that the clinical presentation of
the illness seen with sole viral infection is very similar to
those seen with co-infection; the clinical relevance of spe-
cific agent or agents whether or not with RSV in infants
with severe bronchiolitis is still unclear (3).

The aim of this study was to determine the frequency
of respiratory pathogens among infants hospitalized with
acute bronchiolitis and to determine the clinical signifi-
cance of respiratory infections caused by single pathogen
RSV, respiratory viruses with RSV and those with bronchi-
olitis caused by other respiratory viruses without RSV. The
other purpose of this study was to find out whether any
difference in clinical course and presentation among the
three groups exists.
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2. Methods

2.1. Patients and Sample Collection

This prospective cross-sectional study of children hos-
pitalized with acute bronchiolitis was conducted between
January 2013 and October 2016 at the general pediatric
ward of children’s hospital, Ege university, Turkey, a ter-
tiary care pediatric teaching hospital. The ethics commit-
tee of Ege University approved the study. (ethics commit-
tee number: E.155326). Infants who were hospitalized with
acute bronchiolitis were recruited with informed written
parental consent. Acute bronchiolitis was defined as an
acute respiratory illness characterized by increased respi-
ratory effort (tachypnea and/or use of accessory respira-
tory muscles), and expiratory wheezing and/or crackles
and/or apnea.

Included were previously healthy infants < 24 months
of age with first attack of acute bronchiolitis. Infants who
had not been hospitalized within 2 weeks before being ad-
mitted to hospital, those who developed nosocomial acute
bronchiolitis, or those who had a known history of bron-
chopulmonar dysplasia, chronic heart disease or chronic
lung disease were excluded. Infants who were born prema-
turely were also excluded from the study.

On hospital admission, clinical parameters of infants
including wheezing, retraction, respiratory rate and gen-
eral situation were evaluated to ascertain a respiratory
score. Each parameter was given points from zero to three
and then the points were added up to describe the severity
of acute bronchiolitis (9). According to the points, 0 - 3 was
mild, 4 - 8 was moderate and 9 - 12 was considered severe
bronchiolitis.

As laboratory outcome variables, white blood cell
count, percentage of lymphocytes, and C-reactive protein
(CRP) were measured within the first 72 hours of admis-
sion.

2.2. Respiratory Organisms Detection Assay

A nasal smear was obtained from each infant within 24
hours of admission and tested for the presence of respira-
tory syncytial virus (RSV), influenza virus type A and B (Inf-
A, Inf-B), adenovirus (Ad), parainfluenza viruses (PiV types
1 - 4), human rhinovirus (Hrv), human coronavirus (HCoV),
human metapneumovirus (HmpV) and human bocavirus
(HBoV) with real-time multiplex PCR methods (RealAccu-
rate®, respiratory RT PCR, PathoFinder, Netherlands and
Seeplex® RV15 ACE Detection, Seegene, South Korea).

2.3. Statistical Analyses

Statistical analyses were performed by using IBM SPSS
v.21 for personal computers (Chicago, IL, USA). The sub-
jects were divided into three groups: single pathogen

RSV, agents with RSV and agents without RSV. Results are 

presented as mean ± standard deviation for continuous 
variables and as frequencies and percentages for categor-
ical variables. We initially used frequency tables and per-
formed chi-squared analysis for categorical variables the 
Shapiro Wilks test was used to test the distributions of 
age, respiratory score, duration of cough, length of stay in 
hospital, duration of systemic steroid application, white 
blood cell/mm3, Lymphocytes/mm3 and C-reactive protein /
mg/dL. Because all these variables did not show normal 
distribution, we used nonparametric tests such as Mann-
Whitney U test and Kruskal-Wallis test for group compar-
isons.

Binary logistic regression analysis was used to evalu-
ate the corelation between single and multiple RSV infec-
tion groups and infections without RSV group for param-
eters including age, wheezing, supplemental oxygen ther-
apy, etc. The variables with a P value of < 0.05 and odds 
ratios and 95% CIs that did not include 1 were considered 
significant.

3. Results

3.1. Viral Etiology and Seasonality

From January 2013 to October 2016, a total of 316 infants 
< 24 months of age were hospitalized with acute bronchi-
olitis and enrolled in this prospective study. At least one 
agent was determined in 237/316 (75%) infants. The results 
of incidence of respiratory viruses or in combination with 
RSV in infants hospitalized with acute bronchiolitis dur-
ing the study period are shown in Table 1. Figure 1 also 
shows the distribution of viruses detected as a single in-
fection or in combination with RSV. The total number and 
percentage of yearly hospitalizations for bronchiolitis are 
summarized in Figure 2. Analysis of the monthly distri-
bution of acute bronchiolitis indicated that RSV whether 
as a sole pathogen or in association with other pathogens 
was prevalent almost throughout the whole winter season, 
mostly in February.

3.2. Clinical Characteristics of Patients with RSV and Without 
RSV

The study group was divided into 3 subgroups, namely 
single RSV (n = 76, 24%), other viruses with RSV (n = 51, 16.2%) 
and without RSV (n = 110, 34.8%). demographic and clinical 
characteristics are shown in Table 2. The overall mean age 
of the infants was 7 months and of the patients 63.6% were 
male (n = 201). The most frequent age range of infants with 
acute bronchiolitis was 1 - 6 months, accounting for 63.6%
of all included cases. The infants diagnosed with only RSV 
infection were significantly younger than non-RSV infants
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Table 1. Respiratory Viruses as Single Pathogen and Co-Infection with RSV Detected in Children with Acute Bronchiolitis

Pathogen na (%) Single Pathogen, nb (%) Co-Infection with RSV, na (%)

Respiratory syncytial virus 127 (40.2) 76 (48.7) -

Rhinovirus 78 (24.6) 35 (22.4) 43 (55.1)

Human metapnomovirus 27 (8.5) 11 (7) 7 (25.9)

Influenza virus 27 (8.5) 10 (6.5) 7 (25.9)

Adenovirus 23 (7.2) 7 (4.5) 6 (24)

Human bocavirus 20 (6.3) 7 (4.5) 7 (35)

Parainfluenza virus 18 (5.6) 8 (5.1) 5 (27.7)

Human coronovirus 10 (3.1) 2 (1.3) 7 (70)

aThe percentages were calculated by dividing the value over the total group number of patients tested (n = 316).
bThe percentages were calculated by dividing the value over the group number of patients tested (n = 156).
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Figure 1. Frequencies of Respiratory Viruses Deteceted as a Single Virus or in Combination with RSV

(4.8±4.7 vs 8.3± 7.3 months, P = 0.001), however, there was
no age difference between those with RSV and those with-
out RSV (P = 0.181). The infants were admitted to hospital
with two main symptoms being cough (91%; n = 289) and
wheezing (57.9%; n = 183). As can be clearly seen, there was
no significant difference between the clinical findings of
the three groups.

The binary logistic regression model for viral etiologies
single RSV or other pathogens is shown in Table 3 control-
ling for demographic and clinical characteristics as well as
site, and significant independent predictors for viral etiol-
ogy. Compared to children with RSV alone, children with
any other agents accompanying RSV, were not highly likely

to have fever, wheezing or supplemental oxygen therapy.

4. Discussion

This current study of the infants hospitalized with
bronchiolitis has proved once again that acute bronchi-
olitis is an important cause of hospitalization in infants,
mostly younger than 6 months of age. Using multiplex
real time PCR tecnique we demonstrated that at least one
respiratory viral pathogen was responsible for bronchioli-
tis in 75% of our cases. As shown by other studies, in our
study, RSV was the most frequently identified respiratory
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Table 2. Comparison of Demographic and Clinical Characteristics of Infants Younger Than Two Years of Age Hospitalized with a Single RSV, Viral Agent with RSV and Without
RSVa

Single RSV (n = 76) Agents with RSV (n = 51) Agents without RSV (n = 110) P

Demografic characteristics

Age, months (mean ± SD) 4.8 ± 4.7 5.9 ± 5 8.3 ± 7.3 0.0011

Gender, n (%) 0.041

Male 44 (57.9) 26 (51) 76 (69.1)

Female 32 (42.1) 25 (49) 34 (30.9)

Passive smoking at home, n (%) 39 (51.3) 21 (41.1) 47 (42.7) 0.414

Clinical characterstics

Fever > 38°C on admission, n (%) 24 (31.6) 17 (33.3) 23 (20.9) 0.141

Respiratory score, mean ± SD 5.5 ± 2.1 4.8 ± 2 5.1 ± 2.4 0.293

Duration of cough (d), mean ± SD 4 ± 2.8 4.1 ± 2.8 5.4 ± 5 0.476

Wheezing, n (%) 46 (60.5) 34 (66.7) 66 (60) 0.701

Length of stay in hospital, mean ± SD 7.2 ± 3.8 7.5 ± 4.7 8.2 ± 6.7 0.960

Supplemental oxygen therapy, n (%) 28 (36.8) 17 (33.3) 30 (27.3) 0.370

Medication received during the hospitalization

Antibiotics, n (%) 45 (60) 33 (64.7) 64 (58.2) 0.733

Systemic steroids, n (%) 48 (63.2) 30 (58.8) 66 (60) 0.865

Duration of systemic steroid (d), mean ± SD 5.5 ± 2.3 5.6 ± 2.4 5.5 ± 2.7 0.915

Laboratory findings

White blood cell/mm3 , mean ± SD 10026 ± 4490 11049 ± 5015 12410 ± 4770 0.274

Lymphocytes/mm3 , mean ± SD 45.2 ± 16.5 46.4 ± 16.7 42.2 ± 20.5 0.291

C-reactive protein /mg/dL, mean ± SD 1.5 ± 2.2 0.9 ± 1.5 1.2 ± 2 0.80

aData are presented as number (%), unless otherwise specified. SD, standard deviation; Kruskall-Wallis non-parametric or X 2 tests were performed, and were, if signifi-
cant, followed by Mann-Whitney U tests or Chi-squared tests for individual comparisons. 1 Single RSV versus non-RSV.

Table 3. Binary Logistic Regression Analysis Assessing Risk Factors Among Single RSV and Other Respiratory Pathogens Associated with RSV

Odds Ratio 95% Confidence Interval P Value

Age 0.69 0.42 - 1.12 0.14

Gender 1.29 0.96 - 1.75 0.89

Passive smoking at home 1.21 0.89 - 1.63 0.21

Fever >38°C on admission 1.32 0.95 - 1.84 0.09

Presence of cough 1.13 0.67 - 1.88 0.63

Wheezing 1.3 0.62 - 2.73 0.48

Supplemental oxygen therapy 1.16 0.55 - 2.45 0.68

virus in acute bronchiolitis, accounting for 40.1% of all res-
piratory viruses in young infants (5, 6, 9-13). Antunes et
al. (13) showed that RSV incidence was 58.1% and Stem-
pel et al. (14) found this as 77% in the RSV epidemic sea-
son. In keeping with previous studies, we found that the
respiratory viruses could occur as coinfection with others;

within a count of 25.6% dual, tripple or more; dual being
the most frequent. Ong et al. (15) showed in their study
that RSV bronchiolitis associated with other pathogens
was present in 10% of the infants. In a multicenter study,
it was reported that a co-infection rate was 9% (6). Hence,
respiratory viruses tend to be co-infections, and RSV has
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Figure 2. Bronchiolitis Hospitalizations at Ege University Children’s Hospital
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a high rate of co-infection with others, namely influenza,
rhinovirus (RV), human metapneumovirus (hMPV) and hu-
man bocavirus (HBoV) and also with bacterial pathogens
(5). The clinical features of acute bronchiolitis seen with
sole respiratory infection is very similar to those seen with
other respiratory viruses, single, dual or more. However,
some reports have suggested that RSV-associated bronchi-
olitis increases the severity of the disease. There are re-

ports showing that multiple infections were associated
with longer hospital stays than those with single RSV in-
fections (4, 5, 16). However, the clinical significance of RSV
in infants with acute bronchiolitis has not been clearly de-
fined. A study from the United States showed that previ-
ously healthy infants with RSV had more severe bronchi-
olitis than those hospitalized with non-RSV bronchiolitis.
In that study, it was also determined that some risk factors
like prematurity were not associated with the severity of
the disease (5). A study by Hervas D et al. (16) focusing on
the clinical course of RSV infection in infants hospitalized
with acute bronchiolitis stated that RSV infection played
an important role in the increased severity of acute bron-
chiolitis, and that RSV acute bronchiolitis was associated
with a longer hospital stay and greater oxygen require-
ment compared with non RSV acute bronchiolitis. Another
multicenter-prospective study of 366 children, mean age
17.5 ± 16.6 months with RSV bronchiolitis, found a higher
clinical score on admission and significant difference in
length of stay for the patients with RSV alone compared to
those who were non RSV (4). In contrast, in a prospective
study Martinez-Roig et al. (17) evaluated 463 pediatric pa-
tients aged between 7 days and 15 years, hospitalized with
respiratory infections, found no association between the
number of viruses and clinical severity. Similarly, a study
conducted in Canada, it was found that equivalent clinical
severity was observed between children with single virus
infection and virus coinfection during viral respiratory in-
fections (18). Ganavi Ramagopal et al. (19) reported that
no statistically significant difference was observed in clini-
cal parameters, except wheezing. They found that subjects
with RSV who had wheezing on admisson were higher in
percentage significantly than subjects without RSV (89.7%
vs 41.5%, P value < 0.001). Another review which has been
collocated by Edward Anthony Goka, found inconclusive
results on the role of co-infections on the severity of the
respiratory disease and bronchiolitis (20). In the present
study, we found that there was no difference in the clinical
findings, including wheezing and respiratory score on ad-
mission, for RSV positive or single pathogen RSV patients
compared to those who were RSV negative. Additionally
no difference was seen in disease severity, or in laboratory
tests, between sole pathogen RSV cases and others positive
for other pathogens. There were no significant differences
in terms of several factors among binary logistic regres-
sion models of single RSV or other infections associatrd
with RSV.

4.1. Limitation of Study

We only investigated the hospitalized patients with
acute bronchiolitis, and not the infants who applied to the
emergency services or out-patient policlinics, so our study
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group was small in number. Although the detection rate
was high, viruses could not be identified in nearly 25% of
enrolled patients. It is possible that some subjects may
have had infection with other possible agents such as atyp-
ical or bacterial pathogens.

4.2. Conclusion

In conclusion, the findings of this study confirm that
RSV still represents a large burden of bronchiolitis world-
wide since it is associated with the hospitalization of chil-
dren, particularly those less than six months old. We can’t
foresee the clinical presentation of specific agent or agents
in connection to being with or without RSV in infants with
any level of bronchiolitis. Therefore, we agree with the con-
cept that co infections with or without RSV do not increase
the severity of the disease. However, we believe that stud-
ies should focus on sole versus multiple infections in larger
groups to prevent the bias that may occur when analyzing
all the results.
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