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Abstract

Ozet

Objective: Respiratory virus infections are the most common cause
of hospitalization particularly in infants and young children. Detection
of the respiratory viruses with multiplex PCR has recently facilitated
patient management and allowed for the identification of new viruses.
The aim of this study was to determine the incidence, epidemiology
of viral agents in hospitalized children and to compare the clinical
manifestations of single virus versus multiple virus infections.

Material and Methods: Data of hospitalized children with respiratory
infections were retrospectively investigated. Demographic character-
istics of the patients, the month/season they were admitted, clinical
and laboratory findings, duration of hospitalization, nasopharyngeal
swab samples were investigated. Multiplex PCR was used for respirato-
ry viruses. Patients with a single virus infection and those with multiple
virus infection were compared.

Results: A total of 114 nasal swab samples from hospitalized children
during September 2014-April 2016 were evaluated by multiplex PCR.
At least one respiratory pathogen was detected in 94 (83.3%) of the
patients. Co-infections were identified in 29 (30.9%) of the patients.
RSV (28.7%) was the most common single pathogen and RSV-
Rhinovirus was the most common co-existence (31%, 9/29). Multiple
virus infections were mostly detected in younger children (p= 0.022).
There was no difference between children with multiple versus single
virus infections in terms of gender, premature birth, mechanical
ventilation history, presence of chronic illness, family history of
smoking, upper respiratory tract infection in the family, severity of
disease (respiratory scoring, oxygen requirement), hospitalization
stay, need for hospitalization in the intensive care unit and laboratory
findings (p> 0.05).

Girig: Solunum yolu virlisi enfeksiyonlari, 6zellikle bebeklerde ve
kiicik cocuklarda hastaneye yatislarin en sik nedenidir. Multip-
leks polimeraz zincir reaksiyonu (PCR) ile solunum yolu virislerinin
saptanmasi hasta yonetimini kolaylastirmis ve yeni virUslerin ta-
nimlanmasina izin vermistir. Bu ¢alismanin amaci, hastanede yatan
cocuklardaki viral ajanlarin insidans ve epidemiyolojik 6zelliklerini
belirlemek ve tek virus ile coklu virtis enfeksiyonlarinin klinik bulgu-
larini karsilastirmaktir.

Gereg ve Yontemler: Solunum yolu enfeksiyonu nedeni ile hastanede
yatan cocuklarin verileri geriye doniik olarak arastirildi. Hastalarin de-
mografik 6zellikleri, basvurduklari ay/mevsim, klinik ve laboratuvar bul-
gulari, yatis stiresi, nazofarengeal strlintl 6rnekleri incelendi. Solunum
yolu virtsleri icin multipleks PCR kullanildi. Tek virlis enfeksiyonu olan
hastalar ile ¢coklu virlis enfeksiyonu olan hastalar karsilastirildi.

Bulgular: Eylll 2014-Nisan 2016 tarihleri arasinda hastanede yatan
cocuklardan alinan toplam 114 nazal siirlintli 6rnegi multipleks PCR
ile degerlendirildi. Hastalarin 94 (%83.3)'linde en az bir solunum pato-
jeni tespit edildi. Hastalarin 29 (%30.9)'unda koenfeksiyon tespit edildi.
Respiratuar sinsityal virlis (RSV) (%28.7) en sik goriilen patojendi ve
RSV-rinovirlis en sik gorilen birliktelikti (%31, 9/29). Birden fazla virlis
enfeksiyonu siklikla daha kiiciik cocuklarda saptandi (p= 0.022). iki grup
arasinda cinsiyet, erken dogum, mekanik ventilasyon &ykusi, kronik
hastalik varligi, ailede sigara icimi dykisu, ailede st solunum yolu en-
feksiyonu varligi, hastaligin ciddiyeti (solunum skorlamasi, oksijen ge-
reksinimi) hastanede kalis stiresi, yogun bakim ihtiyaci ve laboratuvar
bulgulari agisindan anlamli fark saptanmadi (p> 0.05).
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Conclusion: In 83.3% of the patients, at least one respiratory virus and
in the one third of the patients more than one respiratory virus were
detected. RSV was the most common pathogen in both single and
multiple virus infections. There was no relationship between the single
and multiple virus infections for the disease severity.

Keywords: Acute respiratory tract infections, respiratory tract viruses,
children, PCR

Introduction

Respiratory infections are the most common infectious
diseases worldwide and cause significant morbidity and mor-
tality (1). Viruses are the most common cause of respiratory in-
fections in childhood. Respiratory tract viruses can cause very
different clinical manifestations, ranging from asymptomatic
upper respiratory tract infections to severe infections, which
can result in multi-organ failure, although they often cause
self-limiting, milder infections (1). Although viral respiratory
infections affect all age groups, they most commonly cause
recurrent infections throughout the year in younger age
groups. With the new molecular methods such as polymerase
chain reaction (PCR) developed in recent years, many viruses
in etiology can be displayed quickly and easily. Respiratory
syncytial virus (RSV), rhinovirus (RV), influenzae, influenza B,
coronaviruses (CoV), parainfluenza viruses (PIV), adenoviruses
(AV) and also Human metapneumovirus (HMPV) and human
bovavirus (HBoV) which have been recently identified as caus-
ative agents, are the most common viruses (2,3).

The most common agents responsible for hospital admis-
sion in young age groups are RSV and Influenza viruses. RV that
are believed to cause mild infections in recent years but cause
infection in both upper and lower respiratory tracts, bronchiol-
itis and pneumonia are the most common cause of respiratory
tract infections in children worldwide, especially in the increas-
ing proportion of patients under 5 years of age (4-6).

In this study, clinical features of the patients who were ad-
mitted due to lower respiratory tract infection between 2014
and 2016 and the epidemiology of respiratory tract viruses de-
tected by nasopharyngeal swab specimens were investigated.
Clinical characteristics between children with multiple versus
single virus infections were also compared.

Materials and Methods

We retrospectively evaluated the data of 114 children be-
tween the ages of 0 and 18 who were admitted to the Depart-
ment of Pediatric Infectious Diseases of Ege University School
of Medicine between September 2014 and April 2016 with a
diagnosis of lower respiratory tract infections and a sample of
nasopharyngeal swab was taken considering viral respiratory
tract infection. Demographic characteristics of the patients,

Sonug: Hastalarin %83.3'linde en az bir solunum yolu virlsl ve hastala-
rin licte birinde birden fazla solunum yolu virlisi tespit edildi. RSV hem
tek hem de coklu virlis enfeksiyonlarinda en sik rastlanan patojendi.
Hastahgin siddeti agisindan tek virlis ve ¢oklu virlis enfeksiyonlari ara-
sinda bir iliski saptanmadi.

Anahtar Kelimeler: Akut solunum yolu enfeksiyonlari, solunum yolu vi-
rusleri, cocuk, PCR

month/season they admitted, clinical and laboratory findings,
duration of hospitalization, nasopharyngeal swab samples
were investigated. The samples were sent to Clinical Virology
Laboratory of Medical Microbiology Department of Ege Uni-
versity. Multiplex PCR was used for Influenza A and B, RSV, Rhi-
novirus, Adenovirus, Parainfluenza type 1-3, HMPV, Bocavirus.

Statistical Analysis

All analyzes were performed using the SPSS17.0 package
program. The normal distribution suitability of the numerical
variables was tested with the Shapiro-Wilk Test. Categorical
variables were described using frequency and percentage,
numerical variables are described using median and mini-
mum-maximum values. Chi-square test (Fisher Exact Test/
Exact Test) was used to analyze the relationship between the
two categorical variables. Two independent sample medians
were compared with the Mann Whitney-U test. p< 0.05 was
considered statistically significant.

Results

A total of 114 children between the ages of 0 and 18 who
admitted to the Department of Pediatric Infectious Diseases
of Ege University with a diagnosis of lower respiratory tract
infection between September 2014 and April 2016 were in-
cluded in the study and a sample of nasopharyngeal swab
from each was sent for viral agent identification to the lab-
oratory. Forty one (35.9%) of the cases were female and 73
(64.1%) were male. Median age was 13.4 months (33 days-144
months); There were 54 (46.9%) patients between 0-6 months,
41 (35.6%) between 6-24 months, 17 (14.7%) between 2-5
years and 2 patients (2.6%) above 5 years. 83.3% of the cases
were found to be under 2 years of age (Figure 1). Sixty three
(54.7%) patients in the 2014-2015 season and 51 (45.3%) pa-
tients in the 2015-2016 season were hospitalized. Mean hospi-
tal stay was 6 (2-26) days. Fifty four (47%) of the patients were
admitted to hospital in February and March. At least one respi-
ratory pathogen was detected by polymerase chain reaction
in 94 (83.3%) of the patients. Of these, 65 (69.1%) were found
to have single pathogen while 29 (30.9%) were multiple. It
has been observed that RSV is most often found to be posi-
tive in January-February-March (Figure 2). The distribution of
viruses between 2014 and 2016 were as follows: Twenty-seven
(28.7%) patients had RSV (RSVA 17, 18% -RSV B, 10, 10.7%); 21
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Figure 1. Distribution of the respiratory viruses by age groups.
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Figure 2. Seasonal distribution of respiratory viruses.

(22.3%) Rhinovirus; 6 (6.4%) Bocavirus; 5 (5.3%) Influenzae; 3
(3.2%) HMPV; 2 (2.1%) adenovirus; and 1 (1%) parainfluenza
type 1-3. RSV and Rhinovirus was the most common coexis-
tence (9/29, 31%).

In both seasons, 98% of cases (n= 112) were not affected
by influenza vaccination and there were no significant differ-
ences between cases with and without causative factors in
terms of premature birth, mechanical ventilation and chronic
disease history (p> 0.05).

When single and multiple virus infections are compared,
there was a significant age difference between the two groups.
Median age was 10 months in the single virus infections while
it was 5 months in multiple virus infections (p= 0.022). When
both groups were compared for gender, premature birth, me-
chanical ventilation history, presence of chronic illness, fami-
ly history of smoking, upper respiratory tract infection in the
family, severity of disease (respiratory scoring, oxygen require-
ment), hospitalization stay, need for hospitalization in the in-
tensive care unit, there was no significant difference between
the groups (p> 0.05). When laboratory results were evaluated;
white blood cell, C-reactive protein, blood sodium level were
not different between the two groups (p> 0.05) (Table 1).

Discussion

Respiratory viruses are the most common cause of respi-
ratory infections in children (7). A wide spectrum of clinical
manifestations can ocur due to respiratory viruses ranging
from mild upper respiratory tract infections to serious illness-
es with multi-organ failure (1). In developed countries pedi-
atric mortality due to respiratory viruses is low but in devel-
oping countries annual death is 66.000-199.000 for RSV and
28.000-111.500 for influenza in children younger than 5 years
of age (8,9). The predicted mortality due to acute lower re-
spiratory infections among children younger than 5 years of
age is 1.3 million deaths each year (10). RSV and influenza are
the most common viruses in hospitalized children worldwide.
Rhinovirus which is considered to cause mild upper respira-
tory infections, can also cause serious infections in children.
With the emerging molecular methods including polymerase
chain reaction (PCR), several new viruses and viral species
such as HMPV and HBoV are identified (11,12). In the stud-
ies performed, the sensitivity and specificity of RT-PCR were
reported as 94.4%-100% for RSV, 100% -91.3% for RV, 98%-
98% for influenza virus and 100%-95% for PIV, 96%-98.8% for
HMPV (13).

The distribution and frequency of respiratory tract viruses
can vary depending on many different factors such as; age,
season, socioeconomical status, underlying disease, diagnos-
tic test used (PCR, culture, coverage..). Molecular PCR testing
for respiratory viral pathogens has resulted in increasing de-
tection of dual or multiple viruses in respiratory secretions of
children. At least one viral respiratory tract pathogen detec-
tion rate has been found to range between 41.8% and 78.6%
in several studies in our country (14-16). The overall detection
rate of a respiratory virus was 48% in the study of Brittain-Long
et al (17). In our study involving children between the ages
of 0-18 years who were hospitalized because of lower respi-
ratory tract infection in the period of 2014-2016, viral agent
was detected in 83.3% of the patients (n= 94) with molecular
method (multiplex PCR). Of these, 65 (69.1%) were found to
have a single agent while multiple viruses were identified in
the remaining 29 (30.9%) patients. RSV was the most common
agent while RSV-rhinovirus coexistence was most common
in the multipl infections. Similarly to our study, higher rates
have been reported from different countries; it was reported
to be 85.3%in Japan and 88.7% in France (18,19).

There are few studies comparing the difference between
single and multiple virus infections and the impact of multiple
viruses on the severity of illness is unclear. There are several
studies showing increased hospitalization and intensive care
requirement in the presence of RSV and/or HMPV (20). At least
one virus was detected in 63% of hospitalized children and
more than one virus was detected in 18% of the study popu-
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Table 1. Characteristics of the patients, by single or multiple virus infections

Single virus Multipl viruses
(n=65) (n=29) P

Age (median) 10 (26) 5(10) 0.022
Gender
(female/male) n (%) 22/43 (33.8/66.2) 10/19 (34.4/65.6) 0.91
Age n (%)

0-6 months 28 (43) 16 (55.1)

6-24 months 25 (38.6) 11(37.9) 0.39

24-60 months 10 (15.4) 2(6.9)

> 60 months 2(3) 0(0)
Smoking in the family n (%) 20 (30.7) 8(27.5) 0.78
Prematurity n (%) 16 (24.6) 10 (34.4) 0.30
Mechanical ventilation n (%) 13 (20) 6(20.6) 091
Chronic disease n (%) 16 (24.6) 8(27.5) 0.73

- - — - .
Respiratory tract infection in the family n (%) 19.(29.2) 8(275) 0,90
Disease severity
(respiratory score) n (%)

Mild 6(9.2) 3(10.3) 041

Moderate 51(78.4) 25 (86.2)

Severe 8(12.3) 1(3.5)
Hospitalization day (median) 5(3) 5(2.5) 0.909
O, requirement 31(44.9) 10 (34.4) 0.25
Systemic steroid use n (%) 37(53.6) 21(724) 0.13
Admission to intensive care unit n (%) 5(7.2) 1(34) 044
Laboratory

Leukocyte count (/mm?) (mean + SD) 11400 (£ 4512) 9623 (+ 4153) 0.074

CRP (median + 1Q) 04 (2.75) 0.6 (1.15) 0.776

Sodium (median + 1Q) 137 (3.1) 136.7 (4.5) 0.565

Student’s t test, Mann-Whitney U test, Chi-Square test are used; Data are given as mean + SD or median (IQR).

lation of Martin et al; RSV was the most frequently detected
agent and the most common combinations among the mul-
tiple infections were RSV/adenovirus and RSV/coronavirus in
their work (21). They reported that multiple viruses were more
common in children aged 6-24 months (27%), children with
single virus illnesses had higher rates of severe clinical disease
compared with children with multiple virus infections and chil-
dren with multiple virus detections were less frequently admit-
ted to the intensive care unit, required oxygen, required longer
hospital stays compared with the group of children with single
viruses. Cebey-Lopez M et al. also reported that the presence
of more than one virus in hospitalized children with respiratory
infection is very frequent but it does not seem to have a major
clinical impact in terms of severity (22).

The viral detection rate was 457/560 (81.6%) of which
331/560 (59.1%) were single infections and 126/560 (22.5%)
were multiple infections in the study reported by Wishaupt JO
et al (23). They found out that disease (severity), management

and outcome are not associated with a specific virus. Single
and multiple viral respiratory infection do not significantly dif-
fer with regard to clinical outcome and patient management.
There was no difference on the disease severity or outcome
between single virus and multiple virus infections in our study
similar to these reports but some other reports argue against
it. Richard et al. reported that a viral agent was identified in
96.1% of infants with bronchiolitis (24). RSV was the main de-
tected respiratory virus in hospitalized infants. Infants with
coinfections were 2.7 times (95% Cl: 1.2-6.2) more at risk for
pediatric intensive care admission than those with a single
infection. RSV and rhinovirus were the viruses most frequent-
ly identified in mixed infections in infants hospitalized with
bronchiolitis. Cilla et al. reported that at least one virus was
detected in 66.9% of the episodes and simultaneous detec-
tion of two or more viruses was frequent (27% of the episodes
with viral detection) (25). The most frequently detected virus
was RSV, followed by human bocavirus and rhinovirus. Chil-
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