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ABSTRACT

Introduction: This study aimed to evaluate the frequency and typ-
ing of viral and bacterial pathogens in patients with a preliminary
diagnosis of respiratory tract infection during the epidemic period
in Turkiye.

Material and Method: The study included the respiratory patho-
gen analysis results of 215 patients aged 0-17 years admitted to
the Pediatrics Department of Kiitahya Health Sciences University
Evliya Celebi Training and Research Hospital between October
2022 and March 2023 with symptoms of respiratory tract infec-
tions. Twenty-three viruses and six bacteria in the respiratory panel
were studied using multiplex real-time PCR. Samples were ob-
tained from a nasopharyngeal swab in non-intubated patients and
tracheal aspiration material in intubated patients.

Results: While 92.1% of the patients were positive for one or
more agents, no agent was detected in 7.9%. Among the positive
results, the rate of the single pathogen was 27.3% (n=54), while
the rate of multiple pathogens was 72.7% (n=144). Respiratory
syncytial virus was the most common viral agent with a rate of
23.3% and Adenovirus with a rate of 19.1%, while Haemophilus
influenzae (48.8%) and Streptococcus pneumoniae (29.3%) were
the most common bacterial agents.

Conclusion: In this study, viral and bacterial pathogens have been
studied intensively in children. Simultaneous, rapid, and sensitive
detection of these agents is essential in preventing unnecessary
antibiotic use and infection control. This is also important in terms
of reducing mortality and morbidity rates.

Keywords: COVID-19; pandemic; respiratory pathogens; respiratory syncytial
viruses
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Giris: Bu ¢alismanin amaci, Tirkiye’de salgin déneminde solunum
yolu enfeksiyonu én tanisi alan hastalarda viral ve bakteriyel pato-
jenlerin sikligini ve tiplendirmesini degerlendirmektir.

Materyal ve Metot: Ekim 2022-Mart 2023 tarihleri arasinda
Kiitahya Saglk Bilimleri Universitesi Celebiya Egitim ve Arastirma
Hastanesi Cocuk Saglgi ve Hastaliklar Klinigine solunum yolu en-
feksiyonu semptomlar ile basvuran 0-17 yas arasi 215 hastanin
solunum yolu patojenleri analiz sonuclari calismaya dahil edilmistir.
Solunum panelinde 23 virlis ve alti bakterinin varligi multipleks ger-
cek zamanl PCR kullanilarak calisilmistir. Ornekler entiibe olmayan
hastalarda nazofarengeal stirtintliden, entlibe hastalarda ise trake-
al aspirasyon materyalinden elde edilmistir.

Bulgular: Hastalarin %92,1’inde bir veya daha fazla etken pozitif
bulunurken, %7,9’unda higbir etken saptanmamistir. Pozitif so-
nuglar arasinda tek patojen orani %27,3 (n=54) iken, ¢oklu pato-
jen orani %72,7 (n=144) idi. Respiratuvar sinsityal viriis %23,3 ve
Adenoviris %19,1 oraniyla en sik gérilen viral etkenler olurken,
Haemophilus influenzae (%48,8) ve Streptococcus pneumoniae
(%29,3) en sik goriilen bakteriyel etkenler olmustur.

Sonug: Bu calismada cocuklarda viral ve bakteriyel patojenler yo-
gun olarak saptanmistir. Bu etkenlerin es zamanli, hizli ve duyarli bir
sekilde saptanmasi gereksiz antibiyotik kullaniminin énlenmesi ve
enfeksiyon kontrolii acisindan énemlidir. Bu da mortalite ve morbi-
dite oranlarinin azaltiimasi agisindan énemlidir.

Anahtar kelimeler: COVID-19; pandemi; solunum patojenleri; respiratuvar
sinsityal viriis
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Introduction

Respiratory tract infections (RTTs) are the most com-
mon cause of both outpatient treatment and hospital-
izations and antibiotic use in children. They are one of
the leading causes of morbidity and mortality world-
wide. The causative agents of these diseases may be of
community or hospital origin'. The loss of labor force
and treatment costs caused by RTTs show that they se-
riously burden national economies”.

Although 60-80% of RTTs are reported as viral agents,
the most common viruses are influenza virus, human
rhinovirus (HRV), respiratory syncytial virus (RSV),
human coronavirus (HCoV), and parainfluenza virus
(PIV)>. The most common bacterial agents associated
with RTT are Streptococcus pneumoniae, Haemophilus
influenzae, Moraxella catarrhalis, and Streptococcus

pyogenes™*.

In RTTs, it is difficult to distinguish whether the patho-
gen is viral or bacterial without laboratory diagnosis.
Since clinical symptoms that may be pathogen-specific
are scarce in RTTs, the diagnosis is primarily based on
laboratory investigation®. Tests that can rapidly iden-
tify various viruses simultaneously may help initiation
of appropriate treatment. Multiplex real-time PCR
(MRT-PCR) is an in vitro test that qualitatively de-
tects the viruses and bacteria causing RTIs®. Rapid and
accurate identification of these infectious agents is of
great importance in terms of timely initiation of antivi-
ral treatment and prevention of unnecessary antibiotic
use, as well as reducing the duration of hospitalization,
risk of nosocomial transmission, and treatment costs.

Our country faces a rapidly spreading epidemic that has
seriously affected society in recent days. People have
complaints such as fever, weakness, sore throat, and
joint pain, which do not put them to bed but make it
difficult to stand. For this reason, the number of hospi-
talizations with respiratory infections, which are more
common in the 0—17 age group, has increased recently.
In this study, we aimed to evaluate the frequency and
typing of viral and bacterial pathogens in patients with
a preliminary diagnosis of upper and lower respira-
tory tract infection in the pediatric population, which
causes an increase in the number of hospital admis-
sions in many regions of our country.

Kafkas J Med Sci 2023; 13(3):321-328

Material and Method
Study Population and Data Collection

This study included all children aged 0 to 17 years
who underwent MRT-PCR of nasopharyngeal swabs
for respiratory pathogens at a tertiary university hos-
pital (Kitahya, Tirkiye) between October 2022
and March 2023. The International Classification of
Diseases Code was used to identify cases. Data was col-
lected from computer databases and electronic medi-
cal records. Each patient’s demographic information,
symptoms, and laboratory results were documented.
Respiratory tract samples sent from patients with a pre-
liminary diagnosis of acute respiratory tract infection
were analyzed for viral and bacterial agents by MRT-
PCR. Patients were divided into age groups: 0-2, 3-5,
6-9, and 10-17 years. The age classification is based on
the school system. Children under two years of age are
kept separately at home or attend kindergarten; chil-
dren from 3 to 5 years old attend kindergarten; chil-
dren from 6 to 9 years old attend primary school. After
age 10, children go to middle school and high school.
The multiplex PCR was performed on nasopharyn-
geal swabs from patients presenting with symptoms
attributable to respiratory tract infection (fever, myal-
gia, chills, weakness, sore throat, shortness of breath,
cough, chest pain, headache, abdominal pain, nausea/
vomiting, diarrhea, loss of taste, loss of smell, rash, and
conjunctivitis). The hospitals pediatric emergency
and inpatient services requested the test. This study
protocol was approved by the local ethics committee

(2023/01-39).

Nasopharyngeal Swab Collection and Genetic Material
Extraction

Nasopharyngeal swabs were obtained from patients
presenting to pediatric departments with RTT. For this
purpose, rayon-tipped swabs with a bendable rod were
used. The swab was inserted into the nasopharynx by
inserting it through the nostril. The sample was ob-
tained by gently holding it for 5 seconds, then gently
rotating it, and finally transporting it to the microbiol-
ogy laboratory in a Viral Nucleic Acid Buffer (vNAT)
transport medium (Biocksen, Tiirkiye), adhering to
the cold chain regulations. Nasopharyngeal/oropha-
ryngeal swab samples from patients in VNAT transport
medium nucleic acid extracts were not pretreated. The
study was performed on the CFX96 real-time PCR de-
tection system (CFX96; Bio-Rad, USA).
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Figure 1. Characteristics of children enrolled in the study.
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Viral and bacterial nucleic acids (DNA or RNA) in
respiratory tract samples were investigated with the
Bio-Speedy® Respiratory Tract RT-gPCR MX-24S
kit (Biocksen, Turkiye). Based on the MRT-PCR
technique, this system can simultaneously detect the
presence of twenty-three viruses and six bacteria caus-
ative agents of respiratory tract infections. The agents
that can be seen with the respiratory panel kit used
are; Human bocavirus (HBOV), Adenovirus (AdV),
Human coronavirus (HCOV-HKU1), Human
coronavirus (HCOV-NL63), Human coronavirus
(HCOV-0OC43), Human (HCOV-
229E), Human enterovirus/Human rhino, Human
metapneumovirus (HMPV A), Human parainfluenza
virus 1-4, Human parechovirus (HPEV), Human rhi-
novirus (RV), Influenza A (FluA), Influenza A HI,
Influenza A virus subtype (H1), Influenza A H3Nx,
Influenza A HSNx, Influenza A H37Nx, Influenza B
(FluB), RSV, SARS-CoV-2, Bordetella pneumoniae,
Chlamydophila pneumoniae, H.influenzae, Legionella
pneumophilia, Mycoplasma pneumoniae, S.pneumoniae.
Streptococcus pyogenes, the most common cause of RTT
in children, was not evaluated as it was not included in
the respiratory panel test list'“.

coronavirus

Data Analysis

Descriptive statistics, including mean and standard
deviation, were provided for numerical variables ex-
hibiting normal distributions. Percentage values and
frequency tables were presented for specific vari-
ables. Statistical analyses were conducted using IBM

Statistical Package for Social Sciences (SPSS) pro-
gram version 23.0 (IBM Corp., Armonk, NY, USA).
The study used the Phi correlation V test incorporat-
ing cross-table statistics to examine the relationship
between positive and negative respiratory pathogens.
The study defined the absolute value of the correla-
tion coefficient as a “high correlation” between 0.7
and 1, a “moderate relationship” between 0.7 and 0.3,
and a “low relationship” between 0.3 and 0. A signifi-
cance level of p<0.05 was also considered statistically
significant.

Results

Description of Cohort

From October 2022 to March 2023, 215 children, 125
(58.1%) boys and 90 (41.9%) girls, were tested for up-
per and lower respiratory tract pathogens. The demo-
graphic characteristics of the children included in the
study are shown in Fig. 1.

The most common symptoms were fever (n=175,
81.4%), cough (n=168, 48.3%), weakness (n=131,
60.9%), and shortness of breath (n=121, 60.9%)
(Table 1).

When respiratory pathogens were analyzed, more than
one respiratory pathogen was found to be present at
the same time. Among respiratory pathogens, it was de-
termined that at least one pathogen was present in one
child. In contrast, a maximum of 6 pathogens could be
seen simultaneously. Among the positive results, the
rate of the single pathogen was 27.3% (n=54), while
the rate of multiple pathogens was 72.7% (n=144).

Kafkas J Med Sci 2023; 13(3):321-328
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Table 1. Clinical findings of patients

Age (years)
<2 2-5 6-9 10-17 Total Positive
n=92 n=71 n=34 n=18
Clinical Finding, N (%)
Fever 81 (88) 58 (81.7) 27 (79.4) 9 (50) 175 (81.4)
Myalgia 0 13(18.3) 5(14.7) 5(27.7) 23(10.7)
Chills 0 27 (38) 13(38.2) 5(27.8) 45(20.9)
Weakness 41 (44.6) 53 (74.6) 21 (61.8) 16 (88.9) 131 (60.9)
Sore throat 0 62 (87.3) 17 (50) 10 (55.6) 89 (41.4)
Shortness of breath 49 (53.3) 57 (80.3) 12 (35.3) 3(16.7) 121 (56.3)
Cough 71(77.2 62 (87.3) 21 (61.8) 14 (77.8) 168 (78.1)
Chest pain 0 0 5(14.7) 1 (5.6) 6(2.8)
Runny nose 50 (54.3) 28 (39.4) 19 (55.9) 9 (50) 106 (49.3)
Headache 0 0 2(5.9) 2(11.1) 4(1.9)
Abdominal pain 0 0 6(17.6) 0 6(2.8)
Nausea/vomiting 9(20.7) (16.9) 0 1(5.6) 32(14.9)
Diarrhea 7(7.6) 16 (22.5) 0 0 23(10.7)
Loss of taste 0 0 0 0 0
Loss of smell 0 0 0 0 0
Rash 9(9.8) 3(4.2) 0 0 11(5.1)
Conjunctivitis 0 2(2.8) 0 0 2(0.9

The most common concurrent pathogens were SARS-
CoV-2 and H.influenzae, seen simultaneously in 14%
(n=30) of children.

There was no significant correlation between the in-
cidence of related respiratory pathogens according to
gender (p>0.05). When the difference in the preva-
lence of pathogens between age groups was compared,
a significant difference was found between AdV,
H.influenzae, FluA, Human enterovirus/Human rhi-
no, Influenza A virus Subtype H1, Influenza A H3Nx,
and RSV according to age (p<0.05). No statistically
significant difference was found between the frequency

of other pathogens according to age groups (p>0.05).

The most common viruses were RSV (23.3%) and
AdV (19.1%), while H.influenzae (48.8%) and
S.pneumoniae (29.3%) were the most common bacte-
ria. The pathogenicity of children divided according to
age groups is given in Table 1, and the most frequent
positivity was observed in the <2 years age group. This
was followed by the 2-5, 6-9, and 10-17 age groups,
respectively (Table 2).

Since the H. influenza and S. pneumonia agents we de-
tected can normally colonize, it is thought that these
bacteria may be the causative agents of the disease in 13
patients with only H. influenza positivity, six patients
with only S. preumonia positivity, and eight patients
with both positive, in whom no other agents were

Kafkas J Med Sci 2023; 13(3):321-328

detected in patients with clinical signs of respiratory
tract infection.

Of the patients, 64 (29.8%) were hospitalized in the
ward, and 11 (5.1%) were hospitalized in the pediat-
ric intensive care unit (PICU). The mean duration of

hospitalization in the ward was 2.3 days, and ten days
in the PICU.

Finally, 51 (23.7%) patients received respiratory sup-
port. Of these, 43 (84.3%) received free-flow oxygen
therapy, 5 (9.8%) high-flow nasal cannula (HFENC)
oxygen therapy, 2 (3.9%) noninvasive ventilation ther-
apy, and 1 (1.9%) endotracheal intubation.

Discussion
The COVID-19 pandemic has evolved rapidly and

caused health problems worldwide. There was report-
edly a decline in pediatric emergency department vis-
its and visits due to RTTs during the pandemic period’
and a significant decrease in the frequency of seasonal
respiratory infections in the pediatric population dur-
ing quarantine periods compared to previous years®. It
has been observed that the number of applications to
emergency and pediatric clinics with complaints such
as fever, cough, sore throat, fatigue, joint pain, etc,
in the pediatric population in our hospital between
October 2022 and March 2023 increased excessively.
We investigated the identification and incidence of
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Age (years)
<2 2-5 6-9 10-17

n=92 n=71 n=34 n=18 Total Positive p-value
Pathogens detected, N(%)
AdV 7(7.6) 19 (26.8) 13(38.2) 2(11.1) 41 (19.1) <0.001
Bordetella pneumoniae 0 0 1(2.9) 0 1(0.5) 0.294
Haemophilus influenzae 37 (40.2) 45 (63.4) 18 (52.9) 5(27.8) 105 (48.8) 0.006
HBOV 1(1.1) 5(7) 1(2.9) 1(5.6) 8(3.7) 0.221
HCOV-NL63 2(2.2) 2(2.8) 0 0 4(1.9) 0.511
HCOV-0C43 10(10.9) 4 (5.6) 5(14.7) 1(5.6) 20(9.3) 0.404
HCOV-229E 0 0 0 1(5.6) 1(0.5) 0.171
Human enterovirus/Human rhino 12(13) 5(7) 0 2(11.1) 19(8.8) 0.037
HMPV A 2(2.2) 1(1. 0 1(5.6) 4(1.9) 0.514
Human parainfluenza virus 3 15(16.3) 5(7) 1(2.9) 1(5.6) 2(10.2) 0.065
Human parainfluenza virus 4 3(3.3) 0 0 0 3(1.4) 0.161
HPEV 1(1.1) 0 0 0 1(0.5) 0.636
FluA 5(5.4) 19 (26.8) 8(23.5) 2(11.1) 34 (15.8) <0.001
Influenza A H1 4(4.3) 12 (16.9) 4(11.8) 1(5.6) 21 (9.8) 0.050
Influenza A virus subtype (H1) 5(5.4) 13(18.3) 4(11.8) 0 22 (10.2) 0.012
Influenza A H3Nx 1(1.1) 6 (8.5) 4(11.8) 1(5.6) 12 (5.6) 0.045
FluB 7(7.6) 6 (8.5) 0 0 13 (6) 0.058
Streptococcus pneumoniae 29 (31.5) 21 (29. 7(20.6) 6(33.3) 63 (29.3) 0.639
RSV 38 (41.3) 10 (14. 1(2.9) 1(5.6) 50 (23.3) <0.001
SARS-CoV-2 3(3.3) 0 0 1(5.6) 4(1.9) 0.131
HCOV-HKU1 0 0 0 0 0 0
Chlamydophila pneumoniae 0 0 0 0 0 0
Human parainfluenza virus 1 0 0 0 0 0 0
Human parainfluenza virus 2 0 0 0 0 0 0
Influenza A H5Nx 0 0 0 0 0 0
Leginella pneumophilia 0 0 0 0 0 0
Mycoplasma pneumoniae 0 0 0 0 0 0

AdV: Adenovirus; HBOV: Human bocavirus; HCOV-HKU1: Human coronavirus-HKU1; HCOV-NL63: Human coronavirus-NL63; HCOV-0C43: Human coronavirus-0C43; HCOV-229E: Human coronavirus-229E; HMPV A:
Human metapneumovirus; HPEV: Human parechovirus; FIuA: Influenza A; FIuB: Influenza B; RSV: Respiratory sinsityal virus.

respiratory tract pathogens to determine the causative
agents of the disease and to organize the treatment for
the causative agent during these dates when the num-
ber of applications intensified nationwide.

Timely detection of respiratory tract pathogens and
initiation of appropriate antimicrobial treatment sig-
nificantly reduces morbidity and mortality. MRT-
PCR methods, which have recently been widely used
in the detection of respiratory tract pathogens and
used as a diagnostic tool that can detect many patho-
gens at the same time with high sensitivity, are essential
in the application of correct and effective treatment by
differentiating viral and bacterial infections and pro-
vide a better understanding of epidemiologic data on
the distribution of these agents’°.

In this study, respiratory pathogen agent (s) were de-
tected with a rate of 92.1% in samples obtained from
patients admitted to pediatric departments within

six months. Some studies reported positivity rates
of 17.5%, 44%, 67.8%, and 73.5%. This study found
a higher positivity rate of 92.1% than in the litera-
ture'' "% We think the positivity rate was high in this
study because children stayed away from public areas
such as schools, kindergartens, playgrounds, etc., dur-
ing the pandemic. The spread of microbial agents in an
epidemic manner was less with the use of masks, paying
attention to distance and hygiene rules in this process,
and these rules were relaxed after the pandemic. At the
same time, it is thought that the high positivity rate
may be due to the low body resistance of children who
did not intensively encounter microorganisms during
the pandemic. The distribution of respiratory tract
pathogens by gender was compatible with the litera-
ture, and no significant correlation was found between

boys and girls (p>0.05)">'%5.

Kafkas J Med Sci 2023; 13(3):321-328
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This study’s most common viral agents were RSV
(23.3%) and AdV (19.1%). Our data are compatible
with the data of studies conducted worldwide!>'¢-%9.
In contrast to similar studies, one study reported that
HRY, and another said that HCoV was detected at the
highest rate’®*!. In a large-scale study, it was reported
that 66.000-160.000 children under five years of age
died from RSV infection-related complications™.
Therefore, knowing the clinical effects and epidemiol-
ogy of RSV, early detection, and giving the necessary
importance to vaccination in the risky population are
of great importance in preventing a severe RSV epi-
demic in the future. AdV is responsible for at least 5
to 10% of infections that frequently infect the lower or
upper respiratory tract, conjunctiva, and gastrointes-
tinal system and can remain in the bodies of infected
children for months and require hospitalization®. In
a study on gastroenteritis agents in the same city, AdV
was the second most common agent*. To prevent ex-
posure to AdV, which causes mortality and morbidity
and poses a risk for childhood, it is essential to comply
with hygiene rules in all living areas, especially in pub-
lic places, and to provide education on these rules.

As a result of studies conducted in our country, the
S.pneumoniae pathogen was reported as the most
frequently detected bacterial agent from respira-
tory tract samples'*?>?. The most commonly isolated
bacterial agents in these studies were reported to be
S.pneumoniae, S.aureus, and C.pneumoniae, respective-
ly*. In this scudy, H.influenzae (48.8%) was the most
common bacterial agent, followed by S.preumoniae
(29.3%). Early detection and agent-directed treatment
are essential to prevent antibiotic resistance against
S.pneumoniae and H.influenzae, which are the agents
of community-acquired bacterial pneumonia.

In studies on the simultaneous presence of more than
one pathogen in the respiratory tract sample, RSV was
reported to be the most common pathogen, and asso-
ciation with AdV, HBoV, and INF-A pathogens was
reported”. Different studies said the most common
pathogens accompanying HCoVs were HRV, RSV,
HRV, HRYV, and S.pneumoniac®™®=>. In this study, al-
though the results were similar to the literature data,
27.3% of the analyzed samples were associated with
a single agent and 72.7% were associated with 2-6
agents. S.pneumoniae, human influenza viruses, and
S.pneumoniae and RSV synergies significantly exacer-
bate pneumonia’s morbidity and mortality®'*2. Large-
scale studies are needed to investigate the mechanisms

Kafkas J Med Sci 2023; 13(3):321-328

underlying these synergies and bacterial, viral, and
host immune factors that increase susceptibility to
infection.

Studies have shown that children <2 years of age ap-
pear more susceptible to infections, similar to our
research®3*. In particular, rhinovirus, enterovirus,
SARS-CoV-2, other coronaviruses, and Adenovirus
were reported more frequently. Current assumptions
relate to the lack of prior immunity® and the failure of
children under 6 to use masks after schools reopen’.

In conclusion, although our study was conducted brief-
ly and in a single center during a nationwide epidemic,
a high positivity rate was detected, and multiple agents
were frequently found in the same patient. Respiratory
tract infections are one of the most common reasons
for using antimicrobials. Widespread and inappropri-
ate use of antimicrobials is one of the reasons for the
emergence of multidrug resistance, which continues to
increase alarmingly’’. The use of broad-spectrum an-
tibiotics leads to more resistant strains. As resistance
increases, there are delays in initiating appropriate and
effective antibiotic treatment, and the frequency of
sepsis and mortality rates increase. Detection of respi-
ratory tract pathogens is also important to avoid delay-
ing antibacterial treatment because the causative agents
are viral during epidemic periods. For this reason, it is
vital to prevent unnecessary and incorrect treatments
with early diagnosis by using the MRT-PCR method
(fast, sensitive, cost-effective, and capable of studying
many agents) in detecting respiratory tract infections

and pathogens.

This study had many limitations. It was a single-center
study, and the most common pathogen, S. pyogenesis
in RTT, was not included in the respiratory panel tests.
Another limitation was the lack of data before and dur-
ing the pandemic. We could not fully collect these data
due to systemic change.

In conclusion, our data showed a change in the typical
epidemiology of pediatric respiratory tract pathogens
according to the time of the pandemic. Although our
study was conducted in a single center shortly after the
nationwide pandemic, RSV and/or influenza viruses,
which decreased during the pandemic, were found af-
ter the pandemic, with a high rate of positivity and of-
ten more than one agent in the same patient. We think
this is due to the transition to the normalization pro-
cess and children’s entry into the social environment.
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