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ABSTRACT

Aim: Acute viral respiratory tract infection is the leading cause of hospitalization for infants and young children in developed countries and is
a major cause of death in developing countries. The aim of this study was to identify the viruses in children hospitalized for lower respiratory
tract infections (LRTI) during the winter period and to evaluate the relationship between the clinical features of these patients and the
severity of their disease.

Materials and Methods: The nasopharyngeal aspirates of 200 patients aged 0-24 months hospitalized with a diagnosis of LRTI were analyzed
using the real-time polymerase chain reaction method. We looked for associations between the viral agent, duration of hospitalization and
respiratory distress scale.

Results: The viral factor was identified in 150 (75%) patients. Rhinovirus was the most frequent viral agent followed by respiratory syncytial
virus and adenovirus; (52.67%), (16.0%) and (8.67%) respectively. The average length of hospitalization for respiratory syncytial virus
(p=0.001), adenovirus (p=0.009), influenza A virus (p=0.007), and bocavirus (p=0.009) infections were significantly longer. Adenovirus
(p=0.029), respiratory syncytial virus (p=0.001) and bocavirus (p=0.009) were significantly associated with length of hospitalization. No
significant correlation was identified between the viruses and respiratory distress scores (p>0.05).

Conclusion: We conclude that in hospitalized children with LRTIs, rhinovirus was the most frequently observed viral etiological agent.
A longer period of hospitalization was needed for respiratory syncytial virus, adenovirus and bocavirus in infants with LRTIs. Infants with
respiratory infections should be monitored due to the risk of developing severe complications during disease progression.
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Introduction

Lower respiratory tract infections (LRTI) are the most
common cause of mortality and morbidity among children
around the world (1). Acute respiratory tract infection is one
of the main reasons for the hospitalization in the young

age group, especially in developing countries. Respiratory

viruses play a significant role in LRTI in children under the
age of one year (2,3). Most viruses spread via droplets
and cause infection primarily in the epithelium of the
respiratory tract. Simple RTI such as bronchiolitis may
cause respiratory failure, especially in children, by initiating
severe diseases such as chronic respiratory disorders,
and triggering acute asthma attacks (4). Adenovirus,
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coronavirus, and rhinovirus cause endemic infections
whereas influenza, parainfluenza virus (PIV), and respiratory
syncytial virus (RSV) generally cause epidemics. In addition
to the known factors, many studies have been conducted
on viral factors and epidemiological information to identify
the next generation of respiratory viruses such as human
metapneumovirus, coronavirus and bocavirus, which have
caused acute respiratory failure recently (5). LRTIs related to
viruses create a significant load even in developed countries.
Nevertheless, mortality and morbidity are significantly
higher in developing countries than developed countries (6).
Clinical findings and epidemiological features may vary in
different geographical areas (7). In Turkey, there have been
only a limited number of studies concerning viral etiology
in LRTI. In this study, we aimed to identify the viruses in
children hospitalized with LRTI during the winter period and
to evaluate the relationship between the clinical features of
these patients and the severity of the disease.

Material and methods

This single-center, prospective study was conducted at
the Department of Pediatrics at a general tertiary referral
state hospital. The hospital is located is one of the most
populated regions of a metropolitan city.

The study protocol was approved by the Research Ethics
Committee of Bagcilar Training and Research Hospital
(approval number: 2015-425) in accordance with the
Declaration of Helsinki. Informed consent was obtained
from the parents of all study participants.

Study Population

Children aged 0-24 months who were diagnosed with
LRTI and were hospitalized at the department of pediatrics,
which contains 40 beds, were eligible for inclusion in our
study population. The diagnosis of LRTI was made with
regard to the complaints of coughing, fever, and respiratory
distress, along with clinical findings such as slight rales and
rhonchus, and infiltration findings on the chest radiography.

Those children who had an infection along with LRTI,
metabolic or endocrine disease, chronic lung disease, heart
disease, growth retardation or a history of premature birth
and whose families refused to give informed consent were
excluded from the study.

There were 300 patients aged 0-24 months who were
hospitalized in the department of pediatrics due to LTRI
in the period between November 2015 and April 2016. The
families of 23 patients refused to participate in the study, 27
patients did not meet the inclusion criteria and the samples
of 50 patients were spoiled during the process, so 200 out

of 300 participants (aged between O and 2 years) were
included in the study.

Lower Respiratory Tract Infections

Both pneumonia and acute viral bronchiolitis are major
causes of LRTIs in children. In the literature, there is evidence
from a number of studies that the infectious base of both
acute pneumonia and acute bronchiolitis in children has a
mixed etiology of microorganisms (8). A diagnosis of an LRTI
should be considered in any child who has an acute onset of
respiratory symptoms, particularly cough, fast breathing or
difficulty in breathing. Diagnosis includes clinical evaluation,
radiographic evaluation and etiological investigations to
distinguish between pneumonia and bronchiolitis. The
management of the severity of the disease is based on the
determination of the causative organisms where possible
and necessary. Chest radiographs are taken in all of these
patients to confirm the presence of pneumonia and detect
complications such as a lung abscess or empyema.

Severity of the Disease

The severity of the disease was evaluated using the
respiratory distress scale designed by Bezerra et al. (9) and
the patients were evaluated as very mild, mild, moderate, or
severe according to the scores of the scale.

Disease severity was assessed at the time of enrolment
and categorized as follows:

1. Very mild (upper respiratory tract symptoms/signs
only): Upper respiratory tract symptoms are coryza, aching
ear, a sore throat and stridor.

2. Mild (lower respiratory tract symptoms/signs +/2
upper respiratory tract symptoms/signs but not needing
hospital admission).

3. Moderate (lower respiratory tract symptoms/signs
+/2 upper respiratory tract symptoms/signs, needing
hospital admission but with oxygen saturations in air 93%
on pulse oximetry).

4. Severe (lower respiratory tract symptoms/signs +/2
upper respiratory tract symptoms/signs, needing hospital
admission and oxygen with saturations in air 93%).

Lower tract symptoms were classified by the presence
of fever, tachypnoea, rhonchi with a respiratory rate as per
minute, wheezing, focal or diffuse crackles or decreased
vesicular sounds on auscultation and retraction at the end
of expiration. Pneumonia was diagnosed according to both
clinical or radiologic manifestations in the patient. Cyanosis,
dehydration, severe respiratory distress and apnea were
diagnosed as severe disease (9,10).
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Patients who were in the very mild stage were not
hospitalized, mild patients were hospitalized only if they
were under 3 months old, moderate and severe patients
were hospitalized.

Sample Collection

The nasopharyngeal swab samples of the patients were
collected with Vircell branded swabs. The swabs were kept
in an appropriate transport medium (HEPES, gelatin, bovine
serum albumin, sucrose, and Hank’s balanced salt solution
including coherent antibiotics) at -80 °C until the study was
conducted. The samples were transferred to the lontech
Microbiology Laboratory in accordance with cold chain
regulations.

Laboratory Measurements

The RNA/DNA isolation, the reverse transcription of
RNA, and Real-time amplification were applied to the
samples using the ARVI Screen Real-Time-polymerase chain
reaction (PCR) kit (Sacace Biotechnologies S.r.1, Italy).

The RNA samples obtained were studied using a
commercial kit (Sacace, ARVI Screen real-TM, hRSV Real-TM,
Influenza A, B Real-TM). The cDNA synthesis was performed
using a component (Reverta-L) of the kit.

Real-time Polymerase Chain Reaction Analyses

The cDNAs obtained were studied in a Rotor-gene brand
(Qiagen) Real-Time-PCR device. Human PIV-1-4 RNA, HKUI
human coronavirus RNA, human rhinovirus RNA, human
B, C, and E adenovirus DNA, human bocavirus (hBov) DNA
and Influenza A, B and hRSV were studied using commercial
RT-PCR kits. Positive and negative controls were included in
the RT-PCR analysis.

Statistical Analysis

SPSS ver. 23 (IBM Corp. Armonk, NY, USA) statistical
package was used for the statistical evaluation. Descriptive
statistics are indicated as frequencies and percentages for
categorical variables and as means + standard deviation for
continuous variables. In the comparison of the categorical
variables, the chi-square test or Fisher’s exact probability
test were used conditionally. Normal distribution was
tested with the Kolmogorov-Smirnov test for continuous
variables, while the two-independent-samples t-test was
used in the comparison of continuous variables consistent
with a normal distribution of two independent groups.
Median and Interquartile Range (IQR) values were used
for non-normal distributions. The post-hoc power analysis
test was used for statistically significant results. Mann-
Whitney U test, Kruskal-Wallis tests were used where
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appropriate. Logistic regression analysis was performed. A
p value less than 0.05 was accepted as indicating statistical
significance.

Results

A total of 200 patients who were hospitalized with a
diagnosis of LRTI and who were eligible according to the
criteria mentioned before were included in this study. Viral
agents were identified in 150 (75%) of these 200 patients by
PCR analyses.

Among these 150 patients, 79 were male (52.67%) and
71 were female (47.33%), and the mean patient age was
7.33+4.72 months.

In 139 patients, only one viral agent was identified. The
distribution of the viruses among virus detected subjects
was as follows: Rhinovirus in 79 patients (52.67%), RSV
in 24 patients (16.0%), adenovirus in 13 patients (8.67%),
influenza B virus in 7 patients (4.67%), bocavirus in 6
patients (4.0%), coronavirus in 5 patients (3.33%), and
influenza A virus in 5 patients (3.33%).

Moreover, it was observed that certain viruses co-existed
in 11 (7.33%) patients. Rhinovirus and RSV co-existed in 8 of
these patients, RSV and bocavirus co-existed in 2 patients,
and RSV and influenza A virus co-existed in 1 patient. No PIV
was detected in any of the patients.

Blood cultures were performed for all patients, the
cultures remained negative for any bacterial agents.

The patients presented mostly with coughing as the
initial symptom and this was followed by wheezing, high
fever, and respiratory distress. The clinical findings of the
patients were evaluated by the respiratory distress scale
described by Bezerra et al. (9). We observed that 55 patients
were mildly distressed, 69 patients were moderately
distressed, and 26 patients were severely distressed.

Table I. Relationship between Respiratory Tract
Viruses and Respiratory Distress score

There were no differences between the respiratory
distress scores of patients when compared in terms of the
presence of the various respiratory tract virus (Table I).

Table II. Relationship between Respiratory Tract
Viruses and the Length of Hospitalization

The mean duration of hospitalization of the patients
was 3.72+3.06 days. When the relationship between
the presence of viruses causing LRTI and the duration of
hospitalization was evaluated, it was observed that the
mean length of hospitalization for patients infected with
RSV, adenovirus, influenza A and bocavirus was significantly
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longer (p=0.001, p=0.009, p=0.007, p=0.009) respectively
(Table 11).

Table lll. Logistic Regression Analysis of Viral Etiology
Associated with Length of Hospitalization

To determine the factors that affected the duration of
hospitalization most, logistic regression analysis was performed
using viral factors as variables. Adenovirus (p=0.029),
RSV (p=0.001) and Bocavirus (p=0.009) were significantly
associated with length of hospitalization (Table IlI).

Patients with co-existing viruses endured longer hospital
stays and 2 patients with rhinovirus and RSV and 1 patient

with RSV and bocavirus were monitored in the intensive
care unit.

Discussion

We identified viral agents in 150 (75%) hospitalized
children with LRTI aged 0-2 years. The rate was found to
be between 35-90% in studies conducted previously on
hospitalized children (11-15). These viruses cause mild to
severe disease LRTI. In our study, for those patients in which
infections progressed severely, RSV, adenovirus, bocavirus
and coronavirus were identified as the viral agents (Table I).

Table I. Relationship between the presence of respiratory tract viruses and respiratory distress score
: : Scoring
Re.splratory viruses Total, n=150 p value
Mild Moderate | Severe
(+)n 26 38 15 79 0.587
% 31.0% 50.7% 18.3% 100.0%
Rhinovirus
() n 29 31 11 71
% 40.8% 43.7% 15.5% 100.0%
(+)n 6 11 7 24
% 25.0% 45.8% 29.2% 100.0% 0186
Respiratory syncytial : : : :
virus () n 49 58 19 126
% 38.9% 46.0% 15.1% 100.0%
(+)n 3 5 5 13
0.102
% 23.1% 38.5% 38.5% 100.0%
Adenovirus
()n 52 64 21 137
% 38 % 46.7% 15.3% 100.0%
(+)n 4 2 1 7
0.506
% 571% 28.6% 14.3% 100.0%
Influenza B
(-)n 51 67 25 143
% 35.7 % 46.9% 17.5% 100.0%
(+)n 2 1 3 6
0.08
% 33.3% 16.7% 50.0% 100.0%
Bocavirus
() n 53 68 23 144
% 36.8 % 47.2% 16% 100.0%
(+)n 1 2 2 5
0.374
% 20% 40% 40% 100.0%
Coronavirus
(-)n 54 67 24 145
% 37.2 % 46.2% 16.6% 100.0%
(+)n 0 4 1 5
0.200
% 0% 80% 20% 100.0%
Influenza A
() n 55 65 25 145
% 379 % 44.8% 17.2% 100.0%
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Similar to other studies, (14-18) the severity of disease
increased in patients infected with RSV. Bicer et al. (15) found
that pneumonia comorbidity was 43.5% in hospitalized
infants infiltrated with RSV. In our study, pneumonia

comorbidity with infiltration on chest radiography was

32.3% in children infected with RSV. RSV can be observed
during the period from November to July and it reaches its
peak during December to May (15).

Adenoviruses are generally observed during the period
February to July, reaching a peak during the period April to

Table II. Relationship between respiratory tract viruses and the length of hospitalization
Respiratory tract virus Length of hospitalization p value Post-hoc Median IQR
(days) power
Rhinovirus
(+) 3.68+2.84 - 3 2
0.879
) 3.76+3.31 - 3 3
RSV
(+) 6.4+4.28 %99 5 4
0.001
(-) 3.28+2.52 - 3 1
Adenovirus
(+) 5.69+3.8 %69.47 4 6
0.009
) 3.53+2.93 3 2
Influenza B
(+) 3.00£2.38 ; 3 5
0.448
(-) 3.76+3.10 - 3 2
Bocavirus
(+) 7.67+4.45 %69.2 7 7
0.009
) 3.56+2.90 - 3 2
Coronavirus
(+) 4.60£2.70 - 3 5
0.254
) 3.69+3.08 . 3 )
Influenza A
(+) 6.30+2.70 %63.7 7 5
0.007
) 3.62+3.04 - 3 2
RSV: Respiratory syncytial virus, IQR: Interquartile range, Post-hoc power analysis test was used for statistically significant results
Table Ill. Logistic regression analysis of viral etiology associated with length of hospitalization
OR 95% CI
Viral Agents B SE P OR
Lower Upper
Rhinovirus -0.008 0.053 0.878 0.992 0.893 1.101
RSV 0.225 0.069 0.001 1.253 1.094 1.435
Adenovirus 0.146 0.067 0.029 1157 1.015 1.319
Influenza B -0.124 0.197 0.527 0.883 0.601 1.298
Bocavirus 0.205 0.078 0.009 1.228 1.053 1.431
Coronavirus 0.071 0m 0.52 1.074 0.864 1.335
Influenza A 0.162 0.085 0.058 1.175 0.995 1.389

OR: Odds ratio, Cl: Confidence interval, RSV: Respiratory syncytial virus, SE: Standard error
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June and they are reported to progress to severe and fatal
(19). In our study, in adenovirus infections, the occurrence
of fever and lung infiltration were significantly higher. In
our study, adenoviruses had the third highest frequency
(9.35%) which is higher than previously reported in other
studies conducted in Turkey in hospitalized children, namely
5.6% and 4.8% (12,15). Bezerra et al. (9) also found that
adenoviruses were the second most frequent agents in
hospitalized patients.

Coronaviruses rarely cause infection during the winter
and spring months. In our study, this rate was determined
to be 3.59%, which is consistent with other studies. The
coronavirus rate was reported as 7.6% by Prill et al. (20) and
1.6% by Lau et al. (21) in hospitalized children between the
ages of 6 months and 5 years. It was determined to be 2.9%
in another study conducted in Turkey (22).

We observed the ratio of bocavirus to be 4% in
our study. In recent years, bocavirus was determined
to be between 3% and 21.5%, varying according to the
region, in children with acute LRTI (23-25). When we
observed the viral agents which caused the longest length
of hospitalization RSV, adenovirus and bocavirus were
prominent. In a local study, it was found that rhinoviruses
were responsible for the longest lengths of hospitalization,
after RSV (15). However, in our study, rhinoviruses had
less effect on the length of hospitalization. RSV was
the second virus to cause long-term hospitalization. For
adenovirus, the length of hospitalization was significantly
longer and also the respiratory distress score in patients
infected with adenovirus varied from moderate to severe.
The course of LRTI caused by adenoviruses includes a high
and prolonged fever which may cause long hospitalization
(19).

Bocavirus caused the longest length of hospitalization,
namely 7.67+4.45 days. Moreover, the respiratory distress
scores of children infected with bocavirus was severe
with infiltration on chest radiography, which is similar to
previous studies (26,27). Before the detection method of
hBov was developed, children with LRTI were accepted as
RSV-negative severe pneumonia patients (28,29). We think
that bocavirus infections may be responsible for these
cases.

We found rhinovirus to be the most frequent virus
(56.83%) followed by RSV (17.26%) and adenoviruses
(9.35%). In some studies, the most frequent bronchiolitis
agent was observed to be RSV at a rate of 12-60% in
hospitalized children under 2 years of age (14-18). In other
studies, RSV and rhinovirus were both identified at high

rates using the PCR method; 43.6% and 31.8%, respectively,
in children admitted to hospital with an acute respiratory
infection (30). In a recent study conducted in Thailand,
the most common respiratory viruses in hospitalized
children with severe pneumonia were determined to be RSV,
rhinovirus and adenovirus especially in infants (31).

In the literature, rhinoviruses were found to be
responsible for LRTIs and were observed in 14-24% of
children hospitalized with bronchiolitis (4,32-35). In the
study conducted by Beka et al. (32), the rate of rhinovirus
in hospitalized infants under the age of 2 years was 43.7%,
while Xie et al. (36) reported 36.2% in children under the age
of 1year. It has been reported that rhinoviruses cause LRTI
and bronchiolitis especially in children under 3 years of age
(37,38). Rhinoviruses were observed frequently in our study
which was performed between November and April, which
is the period when rhinoviruses were observed most often as
reported by previous studies. The hospitalization in children
with LRTI caused by rhinoviruses in infants during the spring
and summer months and especially during March and April
are reported to be more frequent (34,39). We believe that
the number of RSV cases in our study was limited since it
was conducted over a period of 6 months.

Although rhinovirus is the most frequent virus we
detected, we observed that the respiratory distress score
was moderate in 50%, mild in 31% and severe in 18.3% of
children infected with rhinovirus. Mild or moderately severe
LRTIs caused by rhinovirus were reported in studies (12,14).
Also, in the study conducted by Bicer et al. (15) bronchiolitis
symptoms related to rhinoviruses were moderate to severe
in 29.2% of children.

The rate of bronchiolitis due to influenza A and B was
0.8-12.8% in previous studies and we found the frequency
of Influenza A and B to be 4.67% and 3.33% respectively
(14,15,18). Influenza A progressed moderately with fever
and infiltration in the lungs and caused a long length of
hospitalization at 6.30+2.3 days.

We identified multiple factors in 11 samples (7.33%). RSV
was the most frequent co-infective virus particularly with
rhinoviruses. In one study, 35% of children in the intensive
care unit had multiple infections and RSV was the most
frequent virus in mixed infections (24.3%) (40). In our study,
in the intensive care unit, RSV and rhinovirus co-existed in
two out of three patients with severe symptoms and in one
patient RSV and bocavirus co-existed. In another study, in
13.8% of children with LRTI, RSV, rhinovirus and hBov were
the most frequent and multiple infections were identified
similar to our study (41). However, the present viruses may
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we detected in the respiratory tract as pathogens, other
viruses may be completely asymptomatic in children even
if they are present.

One of the strengths of our study is that there are a
limited number of studies in our country on the identification
of viruses by rapid screening methods in children under the
age of 2 years hospitalized with LRTI and this study adds
novel information. However, our samples were obtained
over a specific time frame, between November and April,
not throughout the year and this is the limitation of our
study.

Conclusion

In our study, rhinovirus was detected as the most
common viral factor in 0-2 years old children who were
hospitalized in late winter and early spring due to LRTI, which
is different from the common study findings. Rhinovirus
was followed by RSV and adenovirus. It appears that RSV
and adenovirus play a role in the severity of the disease.

We suggest that infants with respiratory infections
should be monitored for the risk of developing severe
complications. We think this study will add information to
the understanding of viral LRTIs of the infancy period.
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