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Abstract

Objective: The aim of this study was to evaluate the distribution of viral
pathogens in pediatric patients presenting with respiratory tract infec-
tion symptoms and to assess their variations according to age groups,
SEX, seasons, and years. In addition, the role of multiplex polymerase
chain reaction (mPCR) assays in epidemiological surveillance and clinical
practice was discussed.

Material and Methods: Nasopharyngeal swab samples obtained from
patients under 18 years of age between 2022 and 2025 in a university
hospital were retrospectively analyzed by the mPCR method for viral
pathogens. A total of 192 patient data were evaluated. Viral and bacterial
agents were identified using the Bosphore Respiratory Pathogen Panel
v4/v5 kits. Statistical analyses were performed using SPSS version 23.0
(IBM Corp., Armonk, NY, USA).

Results: The most frequently detected viral pathogens were rhinovirus
(30.3%), respiratory syncytial virus (RSV)A/B (27.8%), and influenza A
(6.7%). Co-infection rate was 19.8%, with the most common combina-
tions being rhinovirus+enterovirus and rhinovirus+RSV A/B. RSV A/B and
rhinovirus were detected throughout the year, with RSV A/B being pre-
dominant in winter months (december-february) and rhinovirus mainly
in january-february. Influenza A/B cases peaked during November-Jan-
uary, while enterovirus infections were most frequent in may-june. RSV
A/B was significantly more common in children under one year of age
(p< 0.05). Pathogen distribution differed significantly by year (p= 0.01)
and age group (p< 0.001), but not by sex (p> 0.05). A statistically signifi-
cant increase in the number of test requests was observed in 2024.

Oz

Girig: Bu calismanin amaci, solunum yolu enfeksiyon bulgulari olan
cocuk hastalarda viral etkenlerin dagilimini, yas gruplari, cinsiyet,
mevsimsel ve yillara gére degisimini degerlendirmektir. Ayni zamanda
multipleks polimeraz zincir reaksiyonu (mPZR) testlerinin epidemiyolojik
suirveyans ve klinik uygulamadaki roli tartisilmistir.

Gereg ve Yontemler: 2022-2025 yillari arasinda bir Universite hastane-
sinde 18 yas alti hastalardan alinan nazofarengeal stiriintii 6rneklerinde,
viral etkenler mPZR yontemiyle retrospektif olarak incelenmistir. Toplam
192 hastanin verileri degerlendirilmistir. Viral ve bakteriyel etkenlerin ta-
nimlanmasinda Bosphore Respiratory Pathogen Panel v4/v5 kitleri kulla-
nilmistir. istatistiksel analizlerde SPSS 23.0 (IBM Corp., Armonk, NY, USA)
programi kullanilmistir.

Bulgular: En sik izole edilen viral etkenler rinoviris (%30.3), respiratuvar
sinsityal virtis (RSV) A/B (%27.8) ve influenza A (%6.7) olmustur. Koen-
feksiyon orani %19.8 olarak saptanmis; en yaygin kombinasyonlar rino-
virlis+enteroviriis ve rinovirlis+RSV A/B olmustur. Respiratuvar sinsityal
virlis A/B ve rinovirlis tiim yil boyunca izlenmis; RSV A/B &zellikle kis ay-
larinda (aralik-subat), rinovirls ise ocak ve subat aylarinda yogun olarak
saptanmustir. influenza A/B olgulari kasim-ocak déneminde, enteroviriis
ise yaz basinda (mayis-haziran) pik yapmistir. Respiratuvar sinsityal vi-
ris A/B, ozellikle bir yas alti cocuklarda anlamli diizeyde daha sik izo-
le edilmistir (p< 0.05). Etken dagilimi yillara (p= 0.01) ve yas gruplarina
gore (p< 0.00) anlamli fark gdstermis; cinsiyete gore fark izlenmemistir
(p> 0.05). Test istem sayisinda 2024 yilinda istatistiksel olarak anlamli bir
artis saptanmigtir.
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Conclusion: mPCR assays facilitate clinical management by providing a
rapid and sensitive diagnosis of pediatric respiratory tract infections and
contribute to the acquisition of epidemiological data. Our study demon-
strated that rhinovirus and RSV A/B circulate throughout the year, with
RSV being predominant particularly in infants, highlighting the impor-
tance of considering seasonal test planning. Additionally, by drawing
attention to the uncertainty in interpreting co-infections, this study pro-
vides valuable scientific data that may form the basis for further research.
Since PCR detects nucleic acids rather than viable microorganismes, it is
important to interpret the results in conjunction with clinical findings.

Keywords: Respiratory tract infections, multiplex PCR, RSV

Introduction

Respiratory tract infections are among the most common
illnesses in childhood and constitute one of the leading
causes of hospital admissions and antibiotic use, particularly
in children under five years of age (1). These infections
may be of viral and/or bacterial origin, and polymicrobial
co-occurrence is frequently observed (2). The inability to
consistently distinguish between viral and bacterial infections
based on clinical and radiological findings complicates both
diagnosis and management (3). As there are no pathogen-
specific symptoms, a definitive diagnosis can only be
established through microbiological testing (4). In pediatric
patients, avoiding unnecessary antibiotic use, initiating timely
and appropriate treatment, and reducing hospitalization rates
and length of hospital stay all depend on rapid and accurate
diagnosis (5).

Nucleic acid-based methods are frequently preferred
for the diagnosis of viral respiratory infections, especially in
hospitalized patients. With advances in molecular diagnostic
techniques, test systems sensitive to multiple targets,
such as multiplex polymerase chain reaction (mPCR), have
become important tools for identifying etiological agents in
respiratory tract infections. These tests facilitate appropriate
patient management and infection control measures by
enabling rapid and highly sensitive detection of pathogens, as
well as the simultaneous identification of multiple infectious
agents (2,4). Prior to the coronavirus disease-2019 (COVID-19)
pandemic, the co-circulation and seasonal variation of
respiratory viruses in the community were common. During
the pandemic, the circulation patterns of viral respiratory
pathogens changed in association with the implementation
of non-pharmacological interventions (6,7).

In this study, it was considered that the distribution of viral
agents causing respiratory tract infections in children may
vary by year and season, and that co-infections may occur. The
aim of the study was to identify viral respiratory pathogens
in children presenting with symptoms of respiratory tract
infection and to evaluate their distribution, their relationship
with demographic characteristics, and their variation across
years and seasons.

Sonug: Multipleks PZR testleri, cocukluk ¢agi solunum yolu enfeksiyonla-
rinda hizli ve duyarli tani saglamasiyla klinik yonetimi kolaylastirmakta ve
epidemiyolojik verilerin elde edilmesine katki sunmaktadir. Calismamiz,
rinovirlis ve RSV A/B gibi etkenlerin yil boyu sirkllasyonda oldugunu,
RSV'nin 6zellikle bebeklerde baskin izlendigini ve mevsimsel test plan-
lamasinin 6nemli oldugunu ortaya koymustur. Ayrica, koenfeksiyonlarin
yorumlanmasindaki belirsizliklere dikkat ¢cekerek ileri arastirmalara zemin
hazirlayabilecek nitelikte bilimsel veri sunmustur. Polimeraz zincir reaksi-
yonu yontemi canli mikroorganizma varligi yerine nikleik asit saptadigi
icin sonuclarin klinik bulgularla birlikte degerlendirilmesi 6nemlidir.

Anahtar Kelimeler: Solunum yolu enfeksiyonlari, multipleks PZR, RSV

This study is significant in that it provides recent
regional data from the Sivas region in pediatric patients
and demonstrates the temporal dynamics of respiratory
tract infection agents, thereby offering a scientific basis for
the periodic optimization of surveillance, vaccination, and
infection control strategies. Although the number of patients
in our study is limited, it provides valuable data that may serve
as a reference for similar studies as the use of syndromic test
panels becomes more widespread.

Materials and Methods

Ethics approval for this study was obtained from the Health
Sciences Research Ethics Committee of our university with
decision number 2025-06/37. In this study, the positivity rates
of viral respiratory tract infection agents detected by mPCR
were retrospectively analyzed in patients under 18 years of
age between January 1,2022 and June 30, 2025. Test requests
were made for patients evaluated in the pediatric clinic who
presented with symptoms suggestive of upper respiratory
tract infection, such as fever, sore throat, and rhinorrhea.

In order to identify infectious agents, nasopharyngeal
swab samples were analyzed using the Bosphore Respiratory
Pathogen Panel v4 and v5 kits (Anatolia Geneworks, Tiirkiye)
with the real-time mPCR method. Nucleic acid extraction
was performed automatically, and the samples were
subsequently analyzed according to the manufacturer’s
recommended protocol. The panel included 30 different
pathogens. Viral targets included Influenza A, Influenza B,
Influenza C, respiratory syncytial virus (RSV) A/B, rhinovirus,
adenovirus, parainfluenza types 1, 2, 3, and 4, human
metapneumovirus A/B, coronaviruses 229E, OC43, NL63, and
HKU1, enterovirus, bocavirus, pandemic H1N1 influenza A,
seasonal HINT influenza A, and parechovirus. Bacterial targets
included Klebsiella pneumoniae, Mycoplasma pneumoniae,
Salmonella enterica, Moraxella catarrhalis, Bordetella pertussis,
Haemophilus influenzae type B, Staphylococcus aureus,
Streptococcus pneumoniae, and Legionella pneumophila, while
Pneumocystis jirovecii was included as a fungal target.

Internal controls, as well as positive and negative controls,
were included in each test run. Result graphs were interpreted
by a specialist physician and reported as positive or negative
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for each pathogen. For patients who had repeated testing
within the last one month, only the first test result wasincluded
in the study. Patients with missing data among the evaluated
parameters were planned to be excluded from the study. A
total of 192 patients with positive results were included in
the analysis, and none of these patients had missing data.
Demographic information of the patients, as well as the dates
of sample collection and laboratory admission, were obtained
from the hospital information management system.

All statistical analyses were performed using IBM SPSS
Statistics version 23.0 (IBM Corp., Armonk, NY, USA). The
distribution of the data was assessed using the Shapiro-Wilk
test. When the assumptions of normal distribution were not
met, the Kruskal-Wallis test was applied. In cases where a
significant difference was detected, pairwise comparisons
were performed using the Bonferroni-corrected Mann-
Whitney U test. For descriptive statistics, continuous
variables were expressed as mean * standard deviation,
while categorical variables were presented as number (n)
and percentage (%). The Pearson chi-square test was used
to evaluate relationships between categorical variables. In
groups where a significant difference was identified by the
chi-square test, post hoc analysis was conducted to determine
the specific cells contributing to the difference. A p-value of
<0.05 was considered statistically significant in all analyses.

Results

In our study, data from 192 patients under 18 years of age
were retrospectively evaluated. Of the patients, 98 (51%) were
male and 94 (49%) were female. Age groups were classified
as <1 year (n= 66, 34.4%), 1-5 years (n= 97, 50.5%), and >5
years (n= 29, 15.1%). A total of 182 patients (94.8%) were
hospitalized, while 10 (5.2%) were outpatients (Table 1).

A total of 16 different viral pathogens were identified by
mPCR.Theoveralldistribution of pathogensis presentedinTable
2.The most frequently detected agents were rhinovirus (n=71,
30.3%), RSV A/B (h= 65, 27.8%), and influenza A (n= 16, 6.7%).

Table 1. Demographic data of the patients (n=192)

Variable n %

Sex

Boys 98 51

Girls 94 49

Age range (year)

<1 66 344
1-5 97 50.5
>5 29 151
Status of hospital stay

Inpatient 182 94.8
Outpatient 10 5.2

Table 2. Distribution of respiratory tract infection agents detected by
mPCR (n=192)

Agent n %

Rhinovirus 71 30.3
RSV A/B 65 27.8
Influenza A 16 6.7
Enterovirus 15 6.5
Influenza B 13 55
Adenovirus 11 4.7
Metapneumovirus 8 35
Pandemic HInT influenza A 7 3

Bocavirus 6 26
Coronavirus Oc43 6 26
Parainfluenza 3 6 2.6
Parechovirus 3 13
Parainfluenza 2 3 1.3
Parainfluenza 1 2 08
Coronavirus 229 1 04
Influenza C 1 04

mPCR: Multiplex polymerase chain reaction, RSV: Respiratory syncytial virus.

Insomesamples,twoviralagentsweredetected simultaneously.
Overall, 38 samples (19.8%) showed co-detection of two
agents, most commonly enterovirus+rhinovirus (28.9%) and
rhinovirus+RSV A/B (18.4%).

The total number of positive detections by year was 12 in
2022, 33in 2023, 83 in 2024, and 64 in the first six months of
2025. This distribution is shown in Figure 1. When the intra-
annual distribution of pathogens was examined, rhinovirus
and RSV A/B were detected throughout all 12 months of
the year, indicating continuous circulation. Among the
other agents, influenza A and RSV A/B peaked during the
winter months, whereas enterovirus showed a peak at the
beginning of the summer season. Other pathogens were
distributed across various months throughout the year. The
months in which the most frequently detected viral agents
were concentrated and their frequencies are presented in
Table 3.The three most frequently detected agents according
to seasonal distribution are shown in Table 4.

When the distribution of pathogens was analyzed
according to years, age groups, and sex, statistically significant
differences were found between years (p= 0.01) and age
groups (p= 0.00). Post hoc analysis revealed that rhinovirus
and RSV A/B isolations were significantly higher than expected
in 2024, whereas rhinovirus detection rates were lower than
expected in 2022 and 2023. Pathogens showing statistically
significant differences according to age groups are presented
in Table 5. No statistically significant difference was found in
comparisons based on sex (p> 0.05).
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Figure 1. Distribution of the number of agents detected accroding to years.

Table 3. Peak months for the most frequently detected viral pathogens

Agent

Months (n/%)

Enterovirus

February (4/26.7%)
April (2/13.3%)
Sepetmber (3/20.0%)

Influenza A

January (7/43.8%)
July (2/12.5%)
August (2/12.5%)
December (2/12.5%)

Influenza B

January (3/23.1%)
March (3/23.1%)
April (2/15.4%)
July (2/15.4%)

Rhinovirus

February (12/16.9%)
September (9/12.7%)

RSV A/B

January (14/21.5%)
February (13/20.0%)
March (7/10.8%)
November (7/10.8%)
December (8/12.3%)

*Only the months in which the pathogens had a positivity rate above 10% are shown.

RSV: Respiratory syncytial virus.

Table 4. Agents detected according to seasons

Monthly test request numbers by year are presented
in Figure 2. Statistical analysis demonstrated a significant
difference between years (Kruskal-Wallis, H= 15.10, p= 0.00).
Post hoc analysis indicated that this difference was primarily
driven by data from 2024. The number of test requests in
2024 was significantly higher compared to 2022 (p= 0.00) and
2023 (p= 0.01), while no significant difference was observed
between 2022 and 2023 (p> 0.05). These findings indicate a
marked increase in test requests in 2024. The year 2025 was
excluded from this analysis, as it only included data from the
first six months.

Discussion

Respiratory tractinfections remain one of the most common
causes of hospital admissions and antibiotic prescriptions in
childhood. With the introduction of nucleic acid-based tests
into clinical laboratories, the pathogens responsible for these
infections have become easier to detect. These tests enable
detailed epidemiological data to be obtained and allow for
more effective patient management through rapid results.

Season Number of Positive Agents % First Three Most Frequently Detected Agents (respectively)
Spring 35 19.6 Rhinovirus (9.5%), RSV A/B (5.6%), Influenza B (4.5%)
Summer 21 7.8 Rhinovirus (3.3%), RSV A/B (2.6%), Influenza A (1.9%)
Autumn 37 209 Rhinovirus (8.5%), RSV A/B (6. %8), Enterovirus (%5.7)
Winter 68 517 RSV A/B (23.6%), Rhinovirus (16.8%), Influenza A (11.4%)

RSV: Respiratory syncytial virus.
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Table 5. Agents showing significant positivity according to age groups

Age (year)/Agent p
<1

RSV A/B 0.0
Influenza B 0.01
1-5

RSV A/B 0.001
Enterovirus 0.02
>5

RSV A/B 0.01
Influenza A 0.001
Influenza B 0.01
RSV: Respiratory syncytial virus.

The findings of this study demonstrate that viral pathogens
detected in pediatric respiratory tract infections vary according
to seasons, age groups, and years, and that mPCR panel tests
may play a critical role in epidemiological surveillance and
clinical management.

Several meta-analyses have reported that the clinical
significance of viral co-infections detected by molecular
methods remains unclear and that the increased mortality
risk observed in children with viral co-infections requires
further investigation (8,9). In a systematic review by Goka et
al., co-infection rates in studies including children under six
years of age ranged from 5% to 62% (mean 23%) (8). Various
studies conducted in pediatric populations have reported
co-infection rates of 10.2%, 9.1%, 16%, 6.2%, and 20.4% (4,10-
13). In the present study, a co-infection rate of 19.8% was
observed, consistent with the literature, and rhinovirus was
the most commonly associated pathogen in co-infections.
Additionally, rhinovirus was also the most frequently detected
microorganism overall.

Molecular panel tests used for the rapid diagnosis of
lower respiratory tract infections can identify a wide range
of pathogens. However, a detected virus may persist in the
respiratory tract following a recent infection. PCR-based
molecular tests detect the presence of nucleic acids belonging
to the target microorganism but cannot determine whether
the organism is viable. Therefore, microorganisms detected by
PCR may not always represent active infection. These agents
may be present as part of the upper respiratory tract flora or
may persist following previous infections without complete
eradication. Viral damage to the respiratory epithelium and
abnormal inflammatory responses are important in increasing
susceptibility to secondary bacterial infections. Viral co-
infections may facilitate bacterial invasion into normally
sterile areas of the respiratory tract, potentially leading to
bacterial complications (14). Based on these considerations,
diagnostic methods capable of detecting multiple viral and/or
bacterial co-infections can play a crucial role in both treatment
decisions and infection control measures.

In several studies using similar methodologies, the most
frequently detected viral pathogens were rhinovirus and
RSV A/B, consistent with our findings (3,4,10,11,15,16). Along
with RSV A/B, rhinovirus is one of the leading causes of viral
bronchiolitis in infants, and RSV A/B is a major cause of lower
respiratory tract infections in children under one year of age
(17). In a study investigating RSV A/B frequency in children
diagnosed with lower respiratory tract infections, all patients
positive for this agent were reported to be under one year of
age (18). RSV A/B infections can lead to hospitalizations and a
substantial number of outpatient visits in infants and young
children, resulting in a significant economic and disease
burden. Furthermore, evidence suggests an association
between early-life RSV A/B infection and recurrent wheezing
or asthma-like symptoms (19). In our study, consistent with the
literature, RSV A/B was significantly more frequent in children
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Figure 2. Monthly distribution of the number of test requests according to years.
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under one year of age. Early diagnosis of such age-specific
pathogens using PCR testing may contribute to reducing
disease burden.

Considering the seasonal patterns of respiratory tract
infections, the seasonality of certain pathogens is noteworthy.
Studies have shown that each 1 °C decrease in air temperature
during winter is associated with a significant increase in
mortality rates, approximately 33% of which is related to
respiratory tract infections (20). In their study, Gilen et al.
reported that RSV A/B infections peaked between December
and February, while influenza peaked in November and
December (21). Another study indicated that respiratory
tract infections were most frequent in winter, followed by
spring, summer, and autumn (10). Bicer et al. found that
influenza A and B were more common in winter/spring, RSV
A/B in autumn/winter/spring, while parainfluenza viruses and
rhinovirus showed no clear seasonality and were observed
year-round with fluctuating incidence (13). Similarly, in our
study, rhinovirus and RSV A/B were detected throughout
the year, most frequently in January and February, while
influenza A/B and enterovirus exhibited seasonal variability.
Other viral agents were distributed across different months.
This distribution supports the need for seasonally informed
diagnostic approaches and testing algorithms in clinical
practice. It also provides important epidemiological data for
optimizing vaccination and infection control strategies.

A study reported that the reduced infection burden during
the pandemic period showed a sharp decline in early 2022,
followed by an upward trend and increased heterogeneity
among circulating pathogens (22). In our study, the increasing
trend observed across the years was consistent with these
findings. Notably, despite including only the first six months
of 2025, the number of positive cases was considerably
high. These data highlight the variability in circulating viral
load and the need to optimize infection control measures
and vaccination strategies. Additionally, in our institution,
mPCR tests were used only in selected patients until 2023.
Subsequently, increased testing capacity and broader patient
inclusion likely contributed to the rise in detected cases.

In conclusion, this study provides insight into the current
distribution of respiratory viral pathogens in children,
evaluates the field application of the mPCR method, and
analyzes co-infections involving multiple agents. As with
all microbiological tests, the appropriateness of sample
collection in mPCR significantly affects the reliability of
results. The availability of trained personnel for sample
collection is essential for optimizing accuracy and reliability.
A general limitation of PCR-based tests is that they detect
genetic material rather than confirming the presence of
viable microorganisms. Therefore, results should always be
interpreted in conjunction with clinical findings. Due to the
retrospective design of our study, the clinical characteristics,

prior medical history, and disease course of patients with co-
infections could not be evaluated, limiting interpretation of
their clinical significance. Additionally, the limited sample size
restricts the generalizability of regional findings. Multicenter
studies incorporating surveillance data would provide more
generalizable evidence.

Notably, our findings not only enhance local
epidemiological awareness but also contribute to the
development of clinical management strategies. Furthermore,
emphasizing the limitations of highly sensitive tests such as
mPCR in interpreting co-infections may serve as a basis for
future comparative studies (PCR vs. culture). Regular regional
surveillance studies are essential for consistent data collection
and interpretation. The development of standardized
algorithms for interpreting co-infections will help clarify their
clinical significance. Overall, this study holds scientific value
in defining the distribution of respiratory viral pathogens in
the Sivas region, evaluating mPCR as a rapid diagnostic tool,
emphasizing that detected viral agents may represent active
infection or residual nucleic acid, and contributing to the
shaping of infection control policies.
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