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ABSTRACT
Objective: Acute bronchiolitis and/or pneumonia are generally referred to as lower 
respiratory tract infections (LRTI). It was aimed to investigate the agents in LRTI, which 
is one of the most important causes of childhood deaths, by real-time polymerase 
chain reaction (PCR) method from the nasopharyngeal aspirate.
Material and Methods: In our study, chest radiographs, clinical, demographic, 
laboratory characteristics, and disease agents obtained by real-time PCR were 
examined in patients aged 1 month to 18 years who were hospitalized with a 
prediagnosis of LRTI in the pediatric service during the year 2019.
Results: The patients’ mean age was 25.89±36.72 months, and 57.05% (n=279) of 
the study group were male. Patients are grouped monthly; of the study group, 69.3% 
were between the ages of one and 24 months, and 16.0% were between the ages 
of 24 and 60 months. In the study group, 38% (n=186) of 489 patients had a fever. 
In 93.9% of cases, a cough was present. Of the 489 patients in the study group, 175 
(35.7%) had no detectable causative agent, while 314 (64.3%) had one or more. 
After analyzing individual factors, 28.34% of the study group had Rhinovirus as the 
causative agent.
Conclusion: The most frequent cause of LRTI was determined to be Rhinovirus in our 
investigation, in contrast to the general literature in our nation. Other data appear to 
be generally compatible with national and international literature.
Keywords: Lower respiratory tract infections, pediatric, RT-PCR.
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INTRODUCTION
Pneumonia, bronchopneumonia, and acute bronchiolitis are com-
monly referred to as lower respiratory tract infections (LRTIs). Acute 
bronchiolitis is the most common presentation of LRTI in the first 
years of life. In this age period, almost one out of every three children 
is diagnosed with acute bronchiolitis based on clinical findings, and 
hospitalization is considered appropriate in approximately 2–3% of 
children.[1] In a clinical study conducted in Türkiye, it was reported 
that the rate of hospitalization due to acute LRTI in children under 
two years of age was 20.5 per 1000 children and that half of these 
hospitalizations were acute bronchiolitis cases and the causative 
agent detected in 41% of these cases was Respiratory syncytial virus 
(RSV).[2] LRTI was responsible for 13.9% of the 5.30 million deaths 
in children under five in 2019, making it the most common cause of 
death for children aged one to fifty-nine months.[3] In children under 
two years of age, viral agents are responsible for 80% of the disease.
[4] Among viral pathogens, RSV ranked first with 40%, followed by Ad-
enovirus, Bocavirus, Parainfluenza, Rhinovirus, Human metapneu-
movirus (HMPV), Coronavirus, Parainfluenza, Influenza A and B.[5] 
Studies on the etiology and clinical outcomes of LRTI, which have 
significant morbidity and mortality rates, are of utmost importance. 
For this reason, in our study, we aimed to define the demograph-
ic and clinical characteristics of pediatric patients aged between 1 
month and 18 years who were hospitalized with a prediagnosis of 
LRTI in the pediatric service of our hospital and to investigate the 
causative agents of the disease.

MATERIAL AND METHODS
Study Design: The study population consisted of patients between the 
ages of one month to 18 years who applied to a tertiary care training 
and research hospital in Istanbul in 2019 and were hospitalized in the 
pediatric service with a prediagnosis of LRTI and met the inclusion 
criteria. The medical records of the patients were retrospectively re-
viewed and chest radiographs taken during hospitalization were evalu-
ated by an experienced pediatric radiologist. The number of study par-
ticipants when the inclusion/exclusion criteria were applied was 489.

The inclusion criteria were as follows: The patient was between 
the ages of 1 month and 18 years, did not have any additional cardi-
ac disease, and was hospitalized and treated with a prediagnosis of 
LRTI in the pediatric service of our hospital.

Exclusion criteria: Age <1 month, presence of additional cardiac 
disease, voluntary refusal of hospitalization by the patient’s family/
legal guardian.

The agents detected by real-time PCR in our hospital are Kleb-
siella pneumoniae, Influenza A, Influenza B, Parainfluenza Type 1, 
Parainfluenza Type 2, Parainfluenza Type 3, Parainfluenza Type 4, 
Mycoplasma pneumoniae, Enterovirus, HPMV, RSV A/B, Bocavirus, 
Rhinovirus, Coronavirus, Pandemic H1N1, Seasonal H1N1. The re-
sults of real-time PCR tests taken at the time of hospitalization of 
patients hospitalized with a prediagnosis of LRTI were reported as 
positive and negative.

Age groups were categorized as >60 months, 24–60 months, and 
1–24 months. Initially, patients were classified as either causative 
or non-causative based on real-time PCR detection of the causative 

agent. The group in which the causative agent was detected was 
divided into subgroups as two and three causative agents detected/
single causative agent detected.

Chest X-ray findings of the study population were evaluated by a 
pediatric radiologist. Findings were recorded as normal, atelectasis, 
peribronchial infiltration, increased aeration, reticulonodular infiltra-
tion, consolidation, increased vascular central markings, and blunting 
of the sinus. The study group was further subdivided into two sub-
groups: those with both of these findings and those with more than 
two radiologic findings.

According to medical history, clinical course, physical examina-
tion, and imaging findings, the study group was divided into four di-
agnostic groups: pneumonia, lobar pneumonia, bronchopneumonia, 
and bronchiolitis.

Statistical Analysis

The Statistical Package for the Social Sciences, version 22.0 soft-
ware (SPSS Inc., Chicago, IL, USA) was used to analyze the study 
data. Descriptive data were presented as frequency and numerical 
data were presented as median (min–max) or mean±SD. The Kolm-
ogrov-Smirnov test was used to evaluate the conformity of the data 
to normal distribution.

The chi-square test was used for the comparison of categorical 
data between groups. Pearson test or Fisher exact test was preferred 
according to the number of groups. The Mann-Whitney U test was 
used for intergroup comparison of numerical data not conforming to 
a normal distribution, and the independent sample t-test was used 
for intergroup comparison of numerical data conforming to a normal 
distribution. A logistic regression test was used to determine the pre-
dictive function and cause-effect relationship of the presence of a 
viral agent using binary or multiple variables.

Data are presented at a 95% confidence interval, p<0.05 was 
considered statistically significant, and p=0.000 values were present-
ed as p<0.001.

Ethics Statement

The study was approved by the Zeynep Kamil Women and Children’s 
Diseases Training and Research Hospital Clinical Research Ethics 
Committee on 21.08.2019 with decision number 82. This study was 
conducted by adhering to the Declaration of Helsinki.

RESULTS
Main Characteristics of the Study Group: The median age of the pa-
tients was 8.00 (1–196) months and the mean age was 25.89±36.72 
months. There were 42.95% (n=210) females and 57.05% (n=279) 
males in the study group. When the patients were grouped based on 
months, 16.0% of the study group was between 24–60 months and 
69.3% was between 1–24 months. When the patients were evaluat-
ed according to the months of admission to the hospital, it was found 
that admissions in January and December were more frequent than 
the other months. While 12.7% (n=62) of the patients were admitted 
in January, 19% (n=93) were admitted in December. Table 1 shows 
the study group’s laboratory parameters.
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Fever, cough, sibilant rhonchi, prolonged expiratory phase of 
respiration, tachypnea, and crepitant rales were all noted as the pa-
tient’s clinical findings upon admission. Cough was present in 93.9% 
of the 489 patients and constituted the most common finding.

The median duration of hospitalization in the study group was 
5.00 (1–82) days and the mean was 7.89±5.48 days.

In the study group, one or more agents were detected in 314 
(64.3%) of 489 patients, while no agent was detected in 175 (35.7%). 
When single agents were analyzed, seasonal H1N1 Influenza A was 
detected in 1 of 314 patients, Parainfluenza 2 in 1, Parainfluenza 4 
in 2, Pandemic H1N1 Influenza A in 3, Enterovirus in 3, Influenza A 
in 3 patients, Coronavirus in 4 patients, Klebsiella pneumoniae in 5 
patients, Mycoplasma pneumoniae in 7 patients, Parainfluenza 1 in 7 
patients, Influenza B in 7 patients, Parainfluenza 3 in 9 patients, Bo-
cavirus in 16 patients (5.09%), HMPV in 17 patients (5.41%), RSV in 
69 patients (21.97%), and Rhinovirus in 89 patients (28.34%). While 
there were 16 patients with 3 or more agents, there were 55 patients 
(17.5%) with two viral agents. When the radiologic findings during 
hospitalization were analyzed, no pathologic radiologic findings 
were found in 36.2% of the cases (n=177). The most common single 
pathologic radiologic finding was consolidation with 20.2% (n=99), 
followed by peribronchial infiltration (n=68). The frequencies of radio-
logic findings are given in detail in Table 2.

Regarding the diagnosis, it was determined that 38.2% (n=187) 
of the patients had bronchiolitis and 41.7% (n=204) had bronchop-
neumonia. 67 patients were diagnosed with pneumonia and 31 with 
lobar pneumonia.

Statistical Analysis of Agents Detected by Real-time PCR

Eighteen (10.28%) of 175 patients, whose pathogen was not de-
tected as a result of PCR, were admitted in summer, 30 (17.14%) in 
autumn, 37 (21.14%) in spring, and 90 (51.42%) in winter. Of the 243 
patients who were found to have a single respiratory tract infection 
agent as a result of PCR, 22 (9.05%) were admitted to the hospital 
in summer, 54 (22.22%) in autumn, 77 (31.68%) in spring, and 90 
(37.03%) in winter. Of 71 patients with more than one respiratory 
tract infection factor detected by PCR, 9 (12.67%) were admitted to 
the hospital in summer, 18 (25.35%) in spring, 20 (28.16%) in au-
tumn, and 24 (33.8%) in winter. The frequency of admission to the 
hospital in the winter season in cases with no causative agents in 
PCR results is significantly higher than in patients with single or more 
than one respiratory tract agent (p=0.025).

Rhinovirus (68.51%) was detected in 37 of 54 patients admitted 
to hospital in the autumn season. No patient had RSV as the single 
respiratory tract infection agent this season.

Of the 90 patients admitted to the hospital in the winter season, 
RSV was detected in 53 (58.88%), Rhinovirus in 10 (11.11%), Bo-
cavirus in 9 (10%), Pandemic H1N1-A, Influenza A, Mycoplasma 
pneumoniae, and HMPV in 3 cases each (3.33%). Parainfluenza 1 
and Coronavirus were detected in 2 patients each.

Parameters Mean Standard deviation Median Minimum Maximum

Hb (g/dL) 11.20 1.46 11.1 6.90 17.7
WBC (103/μL) 12.44 5.68 11.24 1.06 36.28
PLT (103/μL) 366.34 140.62 346.00 21.00 1011.00
CRP (mg/dL) 2.35 4.15 0.69 0.2 34.00

Hb: Hemoglobin; WBC: White blood cell count; PLT: Platelet count; CRP: C-reactive protein.

Table 1: Laboratory parameters of the study group

Imaging findings Study group 
  (n=489)

  n %

Normal 177 36.2
Single radiologic finding
 Atelectasis 14 2.9
 Peribronchial infiltration 68 13.9
 Increased aeration 8 1.6
 Reticulonodular infiltration 12 2.5
 Consolidation 99 20.2
 Total 201 41.10
Dual Radiologic Findings
 Peribronchial + reticulonodular infiltration 5 1.0
 Atelectasis + peribronchial infiltration 13 2.7
 Consolidation + peribronchial İnfiltrasyon 29 5.9
 Atelektasis + Retikülonodüler infiltration 5 1.0
 Peribronchial infiltration + increased aeration 1 0.2
 Atelectasis + consolidation 15 3.1
 Consolidation + reticulonodular infiltration 6 1.2
 Sinus Blunting + consolidation 5 1.0
 Sinus Blunting + atelectasis 4 0.8
 Sinus Blunting + peribronchial infiltration 2 0.4
 Total 86 17.6
>2 radiologic findings 25 5.1

Table 2: Imaging findings of the study group



Yapar Gümüş and Yıldız. Lower respiratory tract infections and PCR

September 2024

Zeynep Kamil Med J 2024;55(3):168–174

171

Of the 77 patients admitted in the spring season and the only 
respiratory tract infection agent detected by PCR, Rhinovirus was 
detected in 32 (41.55%), RSV in 16 (20.77%), HMPV in 8 (10.39%), 
and Influenza B in 7 (9.09%).

Rhinovirus was detected in 10 (45.5%), Bocavirus in 2 (9.09%), 
Parainfluenza Type 3, Mycoplasma pneumoniae, and Klebsiella 
pneumoniae in 3 (13.63%) of 22 patients admitted in the summer 
season. In this season, no patient had RSV as the single respiratory 
tract infection agent.

The age of 74.9% (n=182) of the 243 cases in which a single res-
piratory tract infection agent was detected by PCR was between 1 and 
24 months. The age of 80% (n=4) of the patients with Klebsiella pneu-
moniae was between 1–24 months. 94.7% (n=18) of all Parainfluenza 
cases, 100% (n=4) of Coronavirus cases, 92.8% (n=64) of RSV cases, 
and 82.4% of HMPV cases were between 1–24 months of age.

Between the age groups of patients with one respiratory tract 
infection agent and patients with multiple respiratory tract infection 
agents, there was no statistically significant difference (p=0.701).

The frequency of negative PCRs obtained during hospitalization 
in patients with a diagnosis of lobar pneumonia was statistically sig-
nificantly higher than in other patient groups (p<0.001).

Compared to other months, there was a significant increase in 
the probability of detecting a viral agent in September and January 
(p<0.001).

The CRP median of the group with no causative agent was 
statistically significantly higher than the CRP median of the group 
with a causative agent (p=0.003). The relationship between labo-
ratory parameters of cases with and without causative agents is 
shown in Table 3.

The mean age (months) of the cases in which the agent was de-
tected was significantly lower than the mean age of the cases in which 
the agent was not detected (20.54 vs. 35.51 months) (p<0.001).

The median duration of hospitalization in the study group was 
5.00 (1–82) days, while the mean was 7.89±5.48 days. The mean 
duration of hospitalization in cases without causative agents was sta-
tistically significantly higher than in cases with causative agents (9.01 
vs. 7.26; p<0.001).

Statistical Analysis of Data by Age Groups

The study group was categorized as >60 months (n=72), 24–60 
months (n=78), and 1–24 months (n=339). The frequency of physical 

examination findings and the relationship between clinical findings 
and age groups are shown in Table 4.

The frequency of crepitant rales and fever was significantly lower 
in patients aged 1–24 months in the study group compared to other 
age groups (p<0.001), whereas the frequency of tachypnea, pro-
longed expiration, and rhonchi was significantly higher (p<0.001).

The frequency of radiologic findings according to age groups is 
presented in Table 5.

When the presence of pathologic imaging findings was ana-
lyzed according to age groups, it was observed that the frequency 
of pathologic imaging findings in children increased significantly with 
increasing age. While 93.1% of children older than 60 months had 
pathologic findings, 53.7% of children aged 1–24 months had at least 
one pathologic finding (p<0.001).

When the median length of hospitalization was analyzed accord-
ing to age groups, the median length of hospitalization for children 
between 24–60 months and 1–24 months was 7 days (7 (4–24) days 
for 24–60 months; 7 (1–82) days for 1–24 months), while the median 
length of hospitalization for children over 60 months was 8 (3–53) 
days. Compared to other age groups, the median length of hospi-
talization for children over 60 months was found to be statistically 
significantly higher (p=0.009).

When the relationship between diagnoses and age groups was 
evaluated, pneumonia constituted 36.1% of the diagnoses in children 
older than 60 months, 15.4% in children aged 24–60 months, and 
8.6% in children aged 1–24 months. There was a statistically signifi-
cant correlation between the increase in the frequency of pneumonia 
and increasing age (p<0.001).

DISCUSSION
In the pediatric population, viral respiratory infections are a serious 
public health problem and an important cause of morbidity and mor-
tality.[6,7] It has been emphasized that the prevalence of viral respira-
tory infections, which are responsible for 5 million child deaths annu-
ally in children under five years of age, is 2–3 times higher in children 
than in adults in developing countries.[8,9]

Viruses are the main pathogens in LRTI.[10] Real-time PCR anal-
ysis is a sensitive, rapid, and specific test for the detection of respi-
ratory viruses, unlike conventional diagnostic methods to date. Liter-
ature studies show that the sensitivity of real-time PCR in detecting 
respiratory tract pathogens ranges between 95% and 100%, and the 
specificity between 91.3% and 100%.[11]

Laboratory parameters Causative agent No causative agent p

Hb (g/dL), Mean±SD 11.11±1.41 11.37±1.53 0.059
WBC (103/μL), Mean±SD 12.42±5.93 12.48±5.23 0.911
PLT (103/μL), Mean±SD 365.74±13.73 367.43±14.67 0.899
CRP (mg/dL), Median (Min–Max) 0.51 (0.2–25.76) 1.16 (0.20–34.00) 0.003

Hb: Hemoglobin; WBC: White blood cell count; PLT: Platelet count; CRP: C-reactive protein; Min: Minimum; Max: Maximum; SD: Standard deviation.

Table 3: The relationship between laboratory parameters of cases with and without causative agents
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In our study, we investigated the disease agents by real-time PCR, 
and the demographic, clinical, laboratory, and radiological imaging 
characteristics of patients aged between 1 month and 18 years admit-
ted to a tertiary care training and research hospital in Istanbul in 2019 
and hospitalized in the pediatric service with a prediagnosis of LRTI.

Although the pathogens of viral LRTI vary according to years and 
seasons, RSV is the most common agent in the literature. In a 2008 
research performed by Mansbach et al.,[12] RSV was detected in 72% 
of the study group. In a study by Sarkar et al.,[13] in children with LRTI, 
RSV was found to be the causative agent in 40.68% of children. If we 

look at the studies in Türkiye, the prevalence of RSV ranges between 
20% and 50%.[14–16] In our study, RSV was found to be a pathogen 
in 21.97% of 314 cases with causative agents. However, contrary to 
the literature, the major causative agent in our study was Rhinovirus 
(28.34%). According to the literature, these differences in rates may 
be attributed to the frequency of hospitalization, season of hospital-
ization, and age group.

In this study, RSV was detected as the predominant causative 
agent in the winter season, and Rhinovirus was found to be the pre-
dominant causative agent except in the winter season. Rhinovirus 

Description 1–24 months 24–60 months >60 months p 
  (n) (n) (n)

Fever    <0.001
 Yes 100 38 48
 No 239 40 24
Cough    0.67
 Yes 319 74 66
 No 20 4 6
Sibilant rhonchi    <0.001
 Yes 141 27 13
 No 198 51 59
Prolonged expiratory phase of respiration    <0.001
 Yes 288 57 33
 No 51 21 39
Tachypnea    <0.001
 Yes 215 29 20
 No 124 49 52
Crepitant rales    <0.001
 Yes 156 49 49
 No 189 29 23

Table 4: The frequency of physical examination findings and the relationship between clinical findings and age groups

Radiological findings 1–24 months 24–60 months >60 months Total

Normal 157 15 5 177
Atelectasis 9 5 0 14
Peribronchial infiltration 56 9 3 68
Increased aeration 7 1 0 8
Reticulonodular infiltration 8 0 4 12
Consolidation 37 26 36 99
Dual findings 51 15 20 86
>2 findings 14 7 4 25
Total 339 78 72 489

Table 5: Frequency of imaging findings by age groups
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dominance was also observed in the autumn season in the study 
performed by Jiang et al.[17] Although the causes of respiratory tract 
infections have their specific seasons, subgroup analysis did not pro-
vide a statistically significant result because there were not enough 
numbers for other subgroups in our study.

Analysis of the correlation between agent positivity and symp-
toms revealed that, aside from tachypnea frequency, there was no 
statistically significant difference between the agent’s presence and 
other symptoms. Kamata et al.[18] found that patients infected with 
RSV were more likely to have rhonchi. In the study by Bharaj et al.,[19] 
no significant difference was found in the frequency of symptoms 
between cases with and without the causative agent. Similar results 
were obtained in the study by Papadopoulos et al.[20] Our study was 
found to be consistent with the literature in this regard.

In our study, it was shown that the median CRP of the group 
with no causative agents was statistically significantly higher than the 
group with the causative agent. This situation has revealed the pre-
diction that some bacterial pathogens that cannot be demonstrated 
by PCR may also accompany the clinical picture.

The mean length of hospitalization of patients in whom the caus-
ative agent was not detected was statistically significantly higher than 
that of patients in whom the causative agent was detected (9.01 vs. 
7.26; p<0.001). This was attributed to the advanced investigations 
performed in patients in whom the causative agent was not detected 
and the longer duration of treatment in LRTI cases caused by bacte-
rial infections that could not be detected by the PCR method.

When the study population is analyzed according to age groups, 
it provides valuable information to make new contributions to the liter-
ature. In patients aged 1–24 months, the frequency of crepitant rales 
and fever was statistically significantly lower, and the frequency of 
prolonged expiration, rhonchi, and tachypnea was noticeably higher 
in the study group when compared to other age groups. In previous 
studies, it was observed that agent frequency analyses were per-
formed according to age groups, and the frequency of findings was 
evaluated according to the agents. Therefore, this result is important 
in terms of its contribution to the literature.

When the presence of pathologic chest radiograph findings was 
analyzed according to age groups, it was observed that the frequen-
cy of pathologic findings increased significantly with increasing age 
in the study population. This can be evaluated together with the re-
lationship between age and the causative agent detected. Further 
studies on this subject are needed.

It was found that the median duration of hospitalization was sta-
tistically significantly higher in patients aged over 60 months com-
pared to other age groups. This result is important for pediatricians 
in the management of lower respiratory tract infections that require a 
multidisciplinary approach.

The first limitation of our study is its retrospective design. In this 
study, in which hospitalizations in the period before the COVID-19 
pandemic period were evaluated, Coronavirus cases were few. Due 
to the statistically insufficient number of all agents found in the respi-
ratory viral panel, we could not effectively compare our study with 
literature studies examining clinical features associated with specific 
viral respiratory tract pathogens, which constitutes a shortcoming of 
this study.

CONCLUSION
Contrary to the general literature in our country, Rhinovirus was 
found to be the most common cause of LRTI in our study. Other data 
are largely consistent with the national and international literature. 
Our study may guide planning general patient management accord-
ing to age groups. The findings of this investigation will offer more 
information about the epidemiology and appropriate management of 
LRTIs in our country and help to reduce morbidity and mortality rates 
related to LRTIs.
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