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Abstract

Öz

Objective: The aim of this study was to determine the viral pathogens in
the respiratory tract infections of children who applied to various outpatient clinics of our hospital and to investigate their seasonal distribution.

Giriş: Bu çalışmada hastanemizin çeşitli klinik ve polikliniklerine başvuran çocuk hastaların solunum yolu enfeksiyonlarında viral patojenlerin
saptanması ve mevsimsel dağılımının araştırılması amaçlanmıştır.

Material and Methods: Between January 2016 and January 2017, 997
children (45.1% female, 54.9% male, 0 month-17 years) who were diagnosed with upper or lower respiratory tract infection were included
in the study. Twenty-one viral respiratory pathogens were analyzed by
multiplex polymerase chain reaction method by using Fast Track FTD kit
(Fast Track Diagnosis, Luxemburg).

Gereç ve Yöntemler: Bu çalışmaya, Ocak 2016-Ocak 2017 tarihleri arasında, üst veya alt solunum yolu enfeksiyonu ön tanısı alan, belirtileri ile
hastaneye başvuran 997 çocuk (%45.1 kadın, %54.9 erkek, yaş aralığı 0
ay-17 yaş) dahil edildi. Hastalardan alınan örneklerden 21 viral solunum
patojeni, Fast Track FTD Respiratory pathogens 21 (Fast Track Diagnosis,
Luxemburg) kiti kullanılarak multipleks polimeraz zincir reaksiyonu yöntemi ile araştırıldı.

Results: One or more respiratory viruses were detected in 761 (76.3%)
of 997 patients and no virus was detected in 236 (22.8%) of the patients.
In our study, distrubition of respiratory tract viruses were as; Adenovirus
(2.76%), Bocavirus (4.20%), Coronavirus 229E (0.92%), Coronavirus OC43
(6.96%), Enterovirus (6.04%), Metapneumovirus A (4.60%), Metapneumovirus B (4.47%), Parainfluenza 1 (0.13%), Parainfluenza 2 (1.18%), Parainfluenza 3 (8.80%), Parainfluenza 4 (1.18%), Parainfluenza 4a (0.13%),
Parainfluenza 4b (0.13%), Rhinovirus (48.75%), RSVA/B (37.84%), Influenza B (3.02%) and Parechovirus (6.57%). When we observe the seasonal
distribution of viral agents, RSV was the most common agent in winter
and it was rhinovirus in spring, summer and autumn season.
Conclusion: Approximately 80% of the patients included in the study
had a viral agent that may be responsible for clinical symptoms. For this
reason, the rapid and sensitive diagnosis of viruses causing viral respirato-

Bulgular: Toplam 997 hastanın, 761 (%76.3)’inde bir veya birden fazla
solunum virüsü saptanmış olup hastaların 236 (%22.8)’sında virüs saptanmamıştır. Çalışmamızda solunum yolu virüslerinin dağılımı; Adenovirüs (%2.76), Bokavirüs (%4.20), Koronavirüs 229E (%0.92), Koronavirüs
OC43 (%6.96), Enterovirüs (%6.04), Metapnömovirüs A (%4.60), Metapnömovirüs B (%4.47), Parainfluenza 1 (%0.13), Parainfluenza 2 (%1.18),
Parainfluenza 3 (%8.80), Parainfluenza 4 (%1.12), Parainfluenza 4a
(%0.13), Parainfluenza 4b (%0.13), Rinovirüs (%48.75), RSV A/B (%37.84),
İnfluenza B (%3.02), Parekovirüs (%6.57) şeklindedir. Etkenlerin mevsimsel dağılımına baktığımızda kış mevsiminde en sık rastlanılan etken RSV,
ilkbahar, yaz ve sonbahar mevsiminde ise rinovirüs olmuştur.
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ry infections will reduce the cost of treatment, reduce unnecessary use of
antibiotics and prevent the development of resistance to antibiotics and
will guide the clinician to prevent the infections caused by these viruses.
Keywords: Respiratory tract infections, multiplex polymerase chain reaction, seasonal distribution
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Sonuç: Çalışmaya dahil edilen hastaların yaklaşık %80’inde klinik belirtilerden sorumlu olabilecek bir viral etken saptanmıştır. Bu nedenle viral
solunum yolu enfeksiyonlarına neden olan virüslerin hızlı ve duyarlı tanısı
tedavi maliyetini düşürecek, gereksiz antibiyotik kullanımını azaltacak ve
antibiyotiklere direnç gelişimini engelleyecek ayrıca bu virüslerin neden
olabilecekleri hastane enfeksiyonlarının önlenebilmesi açısından klinisyene yol gösterici olacaktır.
Anahtar Kelimeler: Solunum yolu enfeksiyonları, multipleks polimeraz
zincir reaksiyonu, mevsimsel dağılım

Introduction
Respiratory tract infections (RTI) are significant public
health problems in both developing and developed countries
and lead to approximately 19% of all mortality among children under five years of age and to 8.2% of all disability and
premature deaths (1). Along with the fact that bacteria and
fungi cause respiratory tract infections, viruses are responsible of 40%-50% of the infections in babies and children admitted to hospitals for pneumonia in developing countries
(2). Most commonly detected viruses among children with RTI
include respiratory syncytial virus (RSV), influenza virus A (INF
A), influenza virus B (INF B), parainfluenza viruses (PIV) and
adenoviruses (AV) (3,4). Acute respiratory tract infections are
generally classified as upper respiratory tract infections (URTI)
and lower respiratory tract infection (LRTI) according to their
localizations (5). Most respiratory tract infections in the early
childhood period are limited to upper respiratory tract. Lower
respiratory tract infections develop in one third of the babies
(6). It is reported that global acute respiratory tract infections
make up of 40% of deaths in Bangladesh, India, Indonesia and
Nepal. Viral co-infections occur in 4-33% of the children admitted to hospital for acute respiratory tract infections, and
studies have reported that they are an increasing risk for clinical results (7,8). The distribution of respiratory tract viruses
leading to acute RTI varies according to population, climate
and socioeconomic conditions (9,10). The most important disease group for which inappropriate antibiotics are used is the
viral upper RTI. Raising awareness of the public and physicians
is extremely important to prevent and treat these infections.
Vaccines are also available for some viruses. This study aimed
to determine the prevalence, age distribution and seasonal
changes of the respiratory tract viruses seen in patients aged
17 and under who referred to various clinics of our hospital.

Materials and Methods
This retrospective study investigated the respiratory tract
samples of a total of 997 pediatric patients aged between 0
months and 17 years who had received a preliminary diagnosis of lower or upper RTI between January 2016 and January
2017 in the clinics and outpatient clinics of pediatric health
and diseases department of a tertiary hospital in Konya. The

patients included into the study were diagnosed with URTI,
acute bronchitis, bronchiolitis, bronchopneumonia and pneumonia by having evaluated disease symptoms, physical examination findings and radiological data together. The nasopharyngeal swab samples of these patients taken with dacron
swab were transported to the laboratory inside viral transport
media [Universal transport medium (UTM), kit, Copan Diagnostics, Brescia, Italy] in a few hours following the cold chain
rules and were kept in -80°C until laboratory tests were performed.
Extraction of nucleic acids were performed using Qiagen
EZ1 Virus Mini Kit v2.0 (Qiagen, Hilden, Germany) from the
samples obtained in the study. Twenty-one viruses obtained
from the samples of the patients were Adenovirus (AV), Human Bocavirus (HBoV), Coronavirus 229E (HCoV-229e), Coronavirus OC43 (HCoV-OC43), Enterovirus (EV), Human metapneumovirus A/B, Influenza A, Influenza A (H1N1), Influenza B,
Parainfluenza 1, Parainfluenza 2, Parainfluenza 3, Parainfluenza 4, Parainfluenza 4, Parechovirus (HPeV), Respiratory syncytial virus A/B (RSV), Rhinovirus (RV), Seasonal (H1N1/H3N2).
The kit is a ready-to-use set containing primers detecting each
virus and TaqMan probes. Since viral nucleic acid is RNA, a reverse transcription was carried out in order to generate cDNA
before real-time PCR. Afterwards, cDNA was multiplied with
real-time PCR using specific primary/probe concordance, and
amplicons were detected by measuring fluorescent radiation
during PCR reaction.
Fluorescent radiation was measured with ABI 7500 system in the detection of amplicons. In the test, sample results
in which fluorophore ( FAM ), fluorescent signal was obtained
were accepted positive. In the sample, the test was accepted
negative if fluorescent was present in internal control and
positive and negative controls resulted accurately in the absence of FAM fluorescent signal. In the sample, the test was
considered invalid and was re-run if there was no fluorescent
in the internal control and/or positive controls.
SPSS Windows version 21 (Armonk, NY: IBM Corp.) was
used for the statistical analyses of data. Descriptive statistics
and Chi-square test were used to evaluate differences in terms
of gender and age groups. Statistical significance was set at p
value < 0.05. This study was approved by the Non-Pharmaceu-
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ticals and Non-Medical Devices Research Ethics Committee
of KTO Karatay University Medical School (41901325-050.99,
21.02.2019)

Results
Between January 2016 and January 2017, 997 children
(45.1% female, 54.9% male, 0 month-17 years) who were diagnosed with upper or lower RTI were included into the study.
The study included 480 outpatients and 517 inpatients. Demographics of our study group is given in Table 1.
Prevalence of Respiratory Tract Viruses
When the samples taken from the patients were examined,
RV was determined to be the predominant agent among the
viruses investigated, seen in 371 (37.21%) of the 997 patients
included into the study. It comprised 48.75% of the respiratoTable 1. Demographics of the patients
Patient demographics

ry tract positive patients. RV was followed by RSV among the
respiratory tract viruses detected. Coinfection of three viruses
was confirmed in 13 patients and coinfection of four viruses
was determined in three. RSV and RV were the most commonly found agents in these coinfections and were more frequently encountered in children aged 0-12 months. Moreover, a
statistically significant difference was not found between the
detected viruses and gender. Virus distribution according to
gender is given in Figure 1.
The Relation Between Respiratory Tract Viruses and Age
The highest detection rate for viral respiratory pathogens
was in the 0-12-month group (423/525; 80.42%) then in the
12-36-month and 37-month and over group as 153/194;
78.86% and 185/278; 66.78%, respectively. RSV and RV were
the most commonly encountered respiratory tract viruses in
all age groups. Distribution of various viral agents in all age
groups is given in Figure 2.
Seasonal Distribution of Respiratory Tract Viruses

Number

Gender
Female
Male

450 (45.1%)
547 (54.9%)

Age
0-12 months
13-36 months
37 months >

525 (52.7%)
194 (19.4%)
278 (27.9%)

Outpatient

480 (48.1%)

Inpatient

517 (51.9%)

Patients in whom viral agent is detected

761 (76.3%)

Seven hundred and sixty-one viruses were detected from
the samples obtained from 997 patients between January
2016 and January 2017 (76.3%). Viruses were detected in all
seasons during the study period, but the highest detection
rate was in winter (Figure 3). The most commonly seen respiratory tract virus was RV. In addition, seasonal change of each
respiratory virus was analyzed in this study. Considering the
seasonal distribution of the agents, the most commonly encountered agent in winter was RSV and that encountered in
summer and autumn was RV (Figure 3).

Female

Male

Adenovirus

Bocavirus

Coronavirus 229E

Coronavirus OC43

Enterovirus

Metapneumovirus A

Metapneumovirus B

Parainfluenza (1-4)

Rhinovirus

RSVA/B

Influenza B

Parechovirus

Figure 1. Gender distribution of respiratory tract viruses.
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Metapneumovirus A Metapneumovirus B

Rhinovirus
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Parainfluenza (1-4)
Parechovirus

Figure 2. Age-related distribution of the viruses in respiratory tract positive patients.
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Rhinovirus
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Figure 3. Seasonal distribution of respiratory tract viruses.

Discussion
Acute respiratory tract infections are responsible for about
3.9 million deaths in young children worldwide annually. The
reason why prevalence of pneumonia has increased in developing countries is malnutrition, low birth weight and indoor
air pollution (11). Detection rate of viral agents in RTI seen in

developing countries has been reported as 14-48% (12,13).
Therefore, the determination of the prevalence of respiratory
viruses carry importance for the prevention, control and treatment of RTI especially in seasons when an increase is encountered. Our study aimed determining the epidemiology and
seasonality of respiratory tract viruses in the pediatric population between January 2016 and January 2017.
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After the year 2000, five new viruses notably HMPV, HBoV,
NL63 of HCoV, HKU1 and SARS-CoV serotypes were added to
the agents previously known as respiratory viruses like parainfluenza viruses INF-A, INF-B, ADV and RSV. Furthermore,
epidemics with new serotypes of INF-A, namely H5N1 (bird
flu) and H1N1 (swine flu), have been encountered (14). In this
study, respiratory viruses were detected in 761 of the 997 inpatients and outpatients (76.3%) who applied to hospital with
the complaint of acute upper or lower respiratory tract. In
comparison to other studies, positivity rate of the respiratory
viruses has been found between 34.4% and 67.8% in the studies conducted in Turkey (14). In studies abroad, respiratory viruses have been found positive at a rate of 36.5% in America,
32% in Southeastern Asia and about 43% in Europe in patients
with acute RTI (14). Positivity rate obtained in our study shows
similarity with previous studies. Additionally, multiple agent
infections (coinfections with two, three, four agents) were
confirmed in 27% of the patients. This result that we obtained
showed similarity with a previous study (10%-43.5%) (15).
RV was the most frequently identified pathogen in summer
and autumn seasons in the 13-36 month and 37 month and over
age groups (48.75%). Rhinoviruses are reported as the most
commonly detected agents in different regions of the world.
In a study conducted in the USA using a commercial multiplex
nucleic acid amplification test has been found positive in 66%
of the samples taken from pediatric patients. RV was detected
as the agent causing respiratory tract infection between January 2014 and January 2015. Moreover, it has been observed that
RV reached its highest level in spring and autumn all year long
(16,17). A study including mainly pediatric patients in Korea has
reported that RV was the number one etiological factor (18).
In our study, RSV A/B (37.84%) was detected as the second
most frequently detected agent after RV. It was seen that it
reached its highest level especially in winter and spring. Do
et al. have found 72% of the samples collected from 309 children positive with multiplex PCR method in the Netherlands
and detected RSV as the most common agent in 73 samples
(24%) (19). Again, in Brazil in another study conducted with
the same method in 407 children, viral pathogen was detected in 85.5% of the samples and RSV was the most frequently
detected agent with a rate of 37% (20). Similar to RSV, HMPV
infections are frequently seen in winter and spring like in our
study and 90% of the HMPV cases has been detected in January and April (21). INF A was not seen in our study. INF B, on
the other hand, was detected at a rate of 3.02% and reached
its highest level between January and March.
ADVs were detected in 21 (2.76%) cases in autumn and
winter seasons. Although seasonal features of adenoviral infections are affected by geographical regions and the genotype of the virus, the literature states that these kinds of in-
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fections are more frequently encountered in September and
February (22,23).
Parainfluenza virus is a major respiratory virus, has 4 subtypes and is the most frequent reason of croup and pneumonia in babies. PIV-1 is mostly associated with acute croup. PIV-2
is generally seen less than PIV-1 or PIV-3 and is mostly isolated
from URTI. Although PIV-4 from the parainfluenza group has
been known to be associated with mild URTI for years, recent
studies have indicated that PIV-4 is an agent in severe LRTI especially in children (24). PIV3 was the most frequently detected subtype in our study, followed by PIV2, PIV4 and PIV1. PIV1 and PIV-2 reached their highest level in autumn and winter
and PIV-3 generally reached its highest level in winter. In other
studies, PIV3 has been reported as the most commonly seen
subtype following PIVs similar to our study (25,26).
Influenza cases usually result in a self-limiting illness in
healthy, non-immunosuppressed individuals, but serious
complications may occur in the elderly, children, and other
risk groups (27). Influenza has become the center of attention
among all respiratory viruses due to pandemia and annual
epidemics and causes a seasonal disease seen generally in
winter months between November and April in the Northern
Hemisphere. In ours study, Influenza A was not observed but
Influenza B was encountered between November and April.
Since its identification in 2005, bocavirus has been isolated between 1.5% and 19% of the respiratory tract samples of
children applying to hospitals due to respiratory tract viral disease (28,29). Bocavirus causes coinfections in up to 90% of the
cases along with other agents like influenza, rhinovirus, parainfluenza, RSV and metapneumoniavirus (30,31). In our study,
bocavirus prevalence was at a rate of 4.20% and was seen to
cause coinfections mostly with Rhinovirus, RSV and HPeV.
Coronaviruses are commonly found in the world. The distributions of HCoV-OC43, HCoV-229E, HCoV-NL63 and HCoVHKU1 viruses in the world are different and the dominant
type can change year after year (32). Though they generate
infection in winter months in temperate climates, small epidemics can be sometimes be seen in spring months. Rhinovirus or RSV coinfection has been encountered in nearly half
of coronaviruses. These infections have been detected in all
months of the year except for June. It has been reported that
coronavirus infections peaks mostly in winter months without
a significant difference in seasonality or origin (obtained from
community or hospital) between the four subtypes (33,34). In
conformity with previous studies, our study found that coronaviruses peak in winter months.
Enteroviruses lead to URTI and LRTI including pneumonia
and bronchiolitis in both children and adults. Enteroviruses peak
in late summer and autumn months and seen in winter in temperate climates. Jacques et al. (34) have conducted a research in
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between French children and reported that 47% of enterovirus
infections occur in spring and autumn months (35,36). In our
study, nearly all enterovirus infections were detected in winter.
HPeVs are common pathogens infecting young children
worldwide. HPeVs are seen to be transmitted by fecal-oral
routes and most HPeV infections are responsible for mild respiratory tract infection and gastroenteritis. Although HPeV
infections are generally seen all year long, they demonstrate
a significant seasonal epidemiology. These infections reach
peak worldwide in autumn and winter months (37). All HPeV
in our study were detected in winter.
In conclusion, at least one respiratory tract virus was detected in a majority (76.3%) of the patients applying to various
pediatric clinics of our hospital with respiratory tract complaints. Our study put forward that viral pathogens are important causes of acute respiratory tract infections in our region.
RV was the most common virus for all age groups during the
study period, followed by RSV. The fact that multiplex PCR
methods used are sensitive and specific and show results in a
very short time is beneficial to patient management make us
consider that they will be helpful in understanding thoroughly
the virus distribution in our region, in contributing to the prevention of misuse of antibiotics and in implementing an effective prevention approach to each and every virus especially at
times when they are most dominant.
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