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Abstract

Aim: The aim of this study was to evaluate the distribution, seasonal variations, co-infection patterns and age group differences of
viral and bacterial agents detected by syndromic panel method in patients with acute respiratory tract infection (ARTI).

Material and Methods: In this retrospective cross-sectional study conducted in a single center between February 2023 and January
2024, nasopharyngeal swab samples of 453 patients with suspected ARTI were analyzed using QlAstat-Dx Respiratory Panel (Qia-
gen®). The panel detects 22 viral and atypical bacterial agents. Statistical analyses were performed with SPSS 26.0.

Results: At least one agent was detected in 45.2% of patients and positivity was significantly higher in the pediatric group (62.7%) com-
pared to adults (33.2%) (p<0.001). The most common agents were rhinovirus/enterovirus (29.1%), SARS-CoV-2 (11.9%), influenza B
(11.1%) and influenza A (11.1%). The positivity rate increased in winter and spring and decreased significantly in summer (p<0.001). Co-in-
fection was observed in 22.9% of cases; the most common co-infection was adenovirus+rhinovirus. Bacterial agents were very rare (<1%).
Conclusion: Syndromic panel testing demonstrated that the spectrum of agents in ARTIs is broad and predominantly viral. The
positivity rate is high in children and during cold seasons. The rapid and accurate results of the test, provide valuable information for
epidemiological surveillance and support appropriate treatment selection; thus, it has the potential to reduce antibiotic use.
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INTRODUCTION

Acute respiratory tract infections (ARTIs) are a major cause of
morbidity and mortality worldwide, especially in children and
adults at risk. The global annual number of deaths due to up-
per respiratory tract infections is estimated to have reached
3.5 million in 2008. Respiratory tract infections are one of the
most common causes of hospital admission, especially in the
pediatric population, and lower respiratory tract infections are
among the leading causes of child mortality. In these infec-
tions, unnecessary empirical antibiotic use can frequently be

observed because viral and bacterial agents cause similar clin-

CITATION

ical pictures (1). Although cough is the main complaint in more
than half of the patients admitted due to upper respiratory tract
infection, it has been reported that inappropriate antibiotics are
prescribed to 85% of them (2). This shows that rapid and accu-
rate viral-bacterial differentiation is critical in terms of reducing
antimicrobial resistance by preventing unnecessary antibiotic
use. The methods used in the diagnosis of upper respiratory
tract infections show significant differences in terms of diag-
nostic time, sensitivity rate and clinical applicability. Although
rapid antigen tests, which are among these methods, offer the
advantage of rapid results, they may not accurately detect the
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presence of infection due to their low sensitivity levels. This
may lead to false negative results, causing delays in disease
management and erroneous clinical decisions (3,4). Although
classical diagnostic methods such as virus culture offer reliabil-
ity in diagnosis with their high sensitivity, the fact that it may
take days to obtain the results may lead to delayed treatment
decisions and delayed clinical intervention (5).

In recent years, especially in hospital settings, multi-targeted
polymerase chain reaction (Multiplex PCR) tests have become
an important diagnostic tool for rapid, sensitive and simulta-
neous diagnosis of respiratory pathogens. Among these tests,
Qiastat-Dx Respiratory Panel-Qiagen is one of the tests with a
wide range of targets and FDA approval. Capable of detecting
more than 20 viral and bacterial agents in as little as two hours,
this system has the potential to accelerate diagnosis and clin-
ical decision-making processes by detecting viral and atypical
bacterial agents with high sensitivity and specificity. With the
use of respiratory panels, it is possible to switch from empiri-
cal antibiotics to targeted antiviral treatments and unnecessary
antibiotic use can be prevented. However, despite its high diag-
nostic accuracy, the application of this method depends on lim-
iting factors such as specialized laboratory infrastructure, high
cost and the need for experienced personnel. non-pharmaco-
logical measures (masks, social distancing, etc.) implemented
during the COVID-19 pandemic have significantly reduced the
circulation of other respiratory viruses. With the lifting of pan-
demic restrictions, respiratory viruses increased again in the
world in 2022-2023. It was reported that the incidence of respi-
ratory tract infections increased significantly in 2023, especially
in children, and even atypical pathogens such as Mycoplasma
pneumoniae became unexpectedly dominant in some regions
(6) In our country, respiratory viruses started to return to their
classical seasonal cycles in the post-pandemic period. The in-
crease in viruses such as influenza and RSV in autumn and
winter, and rhinovirus circulation in spring and fall is a well-
known pattern in the literature, and following these trends with
up-to-date data at the local level is important for public health
and clinical management (2).

In this study, the distribution of the causative agents investigat-
ed by syndromic panel (Qiastat-Dx Respiratory Panel-Qiagen)
in nasopharyngeal swab samples obtained from patients with
acute respiratory tract infection was examined and it was aimed
to reveal the frequency, seasonal variations, co-infection pat-
terns and distribution according to age groups of viral and bacte-
rial agents detected according to respiratory panel results in the
one-year period between February 2023 and January 2024 and
to evaluate the findings obtained in the light of current literature.
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MATERIAL AND METHODS

Study Design and Patient Population: This study was planned
as a single-center retrospective cross-sectional analysis. Be-
tween February 2023 and January 2024, patients with sus-
pected acute upper or lower respiratory tract infections in
various departments of our hospital who were sent samples
for respiratory syndromic panel by clinicians were included
in the study. Each patient presentation (each specimen) was
considered as a separate episode of infection. Readmissions
or specimens collected for control purposes were excluded.
Laboratory Analysis (Syndromic Panel): QlAstat-Dx Analyzer
1.0 (Qiagen®, Hilden, Germany) and the QlAstat-Dx® Respi-
ratory SARS-CoV-2 Panel were used to investigate respiratory
pathogens at the molecular level. This fully automated syndrom-
ic panel system is capable of simultaneously detecting 22 viral
and atypical bacterial agents in approximately 70 minutes, from
sample to result in a single cartridge. This multiplex PCR-based
panel includes influenza A (subtype level: H1, H1N1/2009, H3),
influenza B, RSV (A/B), rhinovirus/enterovirus, four types of
seasonal coronaviruses (HCoV-229E, -NL63, -HKU1, -OC43),
human metapneumovirus (A/B), Parainfluenza viruses (1-4),
Human bocavirus, SARS-CoV-2, Bordetella pertussis, Chlam-
ydophila pneumoniae, Mycoplasma pneumoniae and Legio-
nella pneumophila. PCR analyses were performed fully auto-
matically according to the manufacturer’s recommendations.
Pathogen positivity was defined as positive detection of at least
one target in the panel. Samples in which more than one agent
was detected were defined as “co-infection”.

Statistical Analysis

All data included in the study were analyzed using IBM SPSS
Statistics version 26.0 (IBM Corp., Armonk, NY, USA) soft-
ware after preprocessing with Microsoft Excel® 365 (Microsoft
Corp., Redmond, WA, USA). Descriptive statistics included
median (interquartile range - IQR) for continuous variables and
absolute number and percentage (%) values for categorical
variables. Pearson’s Chi-square test was used to evaluate the
association of agent positivity rates with categorical variables
such as age groups, gender, clinical unit, season and months:
Pearson Chi-square test was used. Fisher’s exact chi-square
test was preferred in analyzes where more than 20% of the
expected values in the cells were less than 5. When the total
statistical difference was significant in the chi-square test, stan-
dardized residuals (Z-scores) were examined to understand
which cells played an important role in this difference. |Z| >
1.96 was considered as a significant deviation. Standardized

residuals (Z-scores) were also calculated to assess deviations
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in the distribution of respiratory tract agents on a monthly and
seasonal basis, and cut-off values of £1.96 were accepted as
indicators of statistical significance. In order to examine the
relationship between co-infection status and age and ward
information: Firstly, comparisons were made with the Krus-
kal-Wallis test, and post-hoc Dunn-Bonferroni corrected pair-
wise comparisons were performed for variables with significant
differences. While evaluating the fluctuations in ward-based
weekly positivity rates, Z-score analyses were performed for
early warning purposes and Z > +1.96 was interpreted as a
potential outbreak signal. In all analyses, a two-way p < 0.05
was accepted as the limit of statistical significance.
RESULTS

General Results

Data from a total of 453 patients who underwent syndrom-
ic panel testing during the study period were analyzed. Of
these patients, 54.3% were male (n=246) and 45.7% were
female (n=207). The age distribution ranged from 1 month to
96 years with a median age of 34 years (IQR: 8-69). 40.8% of
patients were in the pediatric age group (0-17 years, n=185),
39.5% were in the 18-64 age range (n=179) and 19.7% were
over 65 years of age (n=89). Most of the patients who under-
went panel testing were hospitalized ward or intensive care

unit patients, and about 30% were outpatients.
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Of the 453 samples, 205 (45.2%) were positive for at least one
pathogen in the panel test, while 248 (54.8%) were positive for
no pathogen. Of the 205 positive cases, 109 were male and
96 were female; there was no statistical difference in positivi-
ty rates by gender (male 44.3%, female 46.4%; p=0.67). The
mean age of the positive cases was 28.6 years, whereas the
mean age of the negative cases was 45.3 years; it was note-
worthy that the positivity rate increased with decreasing age.
While the positivity rate was 62.7% (116/185) in the 0-17 age
group, this rate was 33.2% (89/268) in the over 18 age group
and the difference was statistically significant (p<0.001).
Distribution of Detected Agents: A total of 261 positive test re-
sults were obtained. Viral agents accounted for 99.1% of these
positives, while the rate of bacterial agents remained at 0.9%.
The most frequently detected pathogen was rhinovirus/entero-
virus, which ranked first with 76 (29.1%) positives. This was
followed by SARS-CoV-2 (11.9%; n=31), influenza B (11.1%;
n=29), influenza A and its subtypes (11.1%; n=29), adenovi-
rus (9.2%; n=24), human metapneumovirus (hMPV) (6.9%;
n=18), RSV A/B (5.0%; n=13) and parainfluenza viruses (types
3 and 4 combined, n=17; 6.5%). Seasonal coronaviruses were
positive in a total of 17 (6.5%) cases (most frequently HKU1).
SARS-CoV-2 was detected in only 3 different months and the
positivity rate was 6.8% for the whole year (Table 1).

Table 1. Frequency of Pathogens Detected by Respiratory Panel (February 2023—January 2024)

Agent Number of Dete-

c-ted Cases (n)
Rhinovirus/Enterovirus 76 29.1
Influenza B 29 1.1
SARS-CoV-2 (Covid-19) 31 11.9
Adenovirus 24 9.2
Human Metapneumovirus (hnMPV) 18 6.9
Influenza A (general) * 23 8.8
— Influenza A (H1N1)pdmQ9 subtype 17 6.5
— Influenza A H3 subtype 5 1.9
— Influenza A H1 (old) subtype 1 0.4
RSV (Respiratory Syncytial Vi- 13 5.0
rus)
Parainfluenza virus 3 9 3.4
Parainfluenza virus 4 8 3.1
Seasonal Coronavirus HKU1 7 2.7
Seasonal Coronavirus NL63 4 1.5
Seasonal Coronavirus OC43 4 1.5
Seasonal Coronavirus 229E 2 0.8
Human Bocavirus (HBoV) 5 1.9
Mycoplasma pneumoniae (atypi-cal) 1 0.4
Bordetella pertussis 1 0.4
(Chlamydophila pneumoniae) 0 0.0
(Legionella pneumophila) 0 0.0

*Percentage within
positive test results (%)

** Percentage within
Positive Cases (%) (%)

***Percentage within
All Tested Cases (%)

%37.1 16.8
%14.1 6.4
%15.1 6.8
%11.7 5.3
%38.8 4.0
%11.2 5.1
%38.3 3.8
%2.4 1.1
%0.5 0.2
%6.3 29
%4.4 2.0
%3.9 1.8
%3.4 1.5
%2.0 0.9
%2.0 0.9
%1.0 0.4
%2.4 1.1
%5.0 0.2
%5.0 0.2
%0.0 0.0
%0.0 0.0

** A total of 261 tests, ** A total of 205 cases, *** A total of 453 cases
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Distribution of Factors by Age Groups: When our findings were
analyzed according to age groups, it was found that some
agents showed different distributions in pediatric and adult
groups. In particular, agents such as adenovirus, influenza B,
human metapneumovirus and rhinovirus were found mostly
in pediatric patients. For example, 79% of adenovirus positive
cases were from the pediatric age group and this difference
was significant (p<0.001). Similarly, 26 of 29 influenza B posi-
tive cases were under 18 years of age (p<0.001). Most of the
18 patients with human metapneumovirus were children (17
children, 1 adult) and this difference was statistically signif-
icant (p<0.001). In the rhinovirus/enterovirus group, 67% of
the 76 positive cases were pediatric patients and the rate of
rhinovirus detection in children was significantly higher than in
adults (p<0.001). In contrast, influenza A infections were pre-
dominantly seen in adults and older age groups; only two of
the 24 influenza A positive patients were children and the rest
were aged =18 years (p<0.001). SARS-CoV-2 infections were
found in similar proportions in children (10 cases) and adults
(21 cases) (p>0.05). Interestingly, RSV cases were distributed
in only 4 children, 5 adults and 4 elderly patients in our study;
since the numbers were low, the statistical difference was not
significant (p>0.05), (Figure 1). Overall, positivity rates were
significantly different between age groups (x? test, p < 0.001).
According to the standardized residual (Z-score) analysis per-
formed to detail this difference; the positivity rate was found to
be statistically significantly higher than expected, especially in
the 0-5 age group (Positive Z = +3.01). Similarly, the positivity
rate was significantly higher in the 6-12 age group (Positive Z
= +2.31). This indicates that both the incidence of respiratory
tract infections and the rate of detection with diagnostic tests

are higher in the pediatric age group.

Lelolo|lw|n|of =
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Figure 1: Distribution of positivity of the causative agents detected according to age groups
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Seasonal Distribution: During the one-year period covered
by our study, significant differences were found in the dis-
tribution of agents according to seasons and months (Fig-
ure 2). In general, there was an increase in positivity rates
in the fall and winter months and a significant decrease in
the summer months. In seasonal comparison, viral positivity
rates were highest in winter (58.9%) and spring (60.7%), and
lowest in summer with 13.8% (p<0.001) (Figure 3). Notably,
61 (70.1%) of the 87 patients tested in March 2023 were pos-
itive for at least one agent, the highest annual positivity rate.
This was followed by high positivity rates of 54.1% in April
2023 and 59.7% in January 2024. During the summer months
of June-August 2023, both the number of test requests de-
creased (around 15, especially in June and July) and the pos-
itivity decreased to the 10-20% range. In the fall 2023 period
(September-November), positivity rates hovered between
25-40%. When analyzed on a monthly basis, it is understood
that more than one agent such as rhinovirus, adenovirus, in-
fluenza B and hMPV were circulating at the same time in the

March-April 2023 period (Table 2).
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Figure 2: Seasonal distribution of respiratory tract agents
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Figure 3: Seasonal positivity rates based on individual patient data
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Table 2: Monthly Distribution of Positive Tests According to Pathogen

Pathogen Name Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Total
2023 2023 2023 2023 2023 2023 2023 2023 2023 2023 2023 2024

Adenovirus. 0 12 6 0 1 0 0 0 1 0 0 4 24
Bocavirus 0 2 1 0 0 1 1 0 0 0 0 0 )
Bordetella pertussis 0 0 0 0 0 0 0 0 0 0 0 1 1
Coronavirus 229E 0 0 0 0 0 0 1 0 0 0 0 1 2
Coronavirus HKU1 0 0 0 1 0 0 0 0 1 2 0 3 7
Coronavirus NL63 0 0 8 0 0 0 0 0 0 0 0 1 4
Coronavirus OC43 0 0 0 0 0 0 1 0 1 0 0 2 4
Covid-19 (Sars Cov-2) S 9 8 0 0 0 0 2 3 3 1 7 31
Human Me-tapneumovirus A+B 0 8 9 0 0 0 0 0 0 0 0 1 18
Influenza A 1 1 0 0 0 0 0 0 0 0 0 4 6
Influenza A H1 0 0 0 0 0 0 0 0 0 0 0 1 1
Influenza A H1N1/2009 1 1 0 0 0 0 0 0 0 0 0 15 17
Influenza A H3 0 0 0 0 0 0 0 0 0 0 0 5 )
Influenza B 1 10 18 O 0 0 0 0 0 0 0 0 29
Mycoplasma pneumoniae. 0 0 0 0 0 0 0 1 0 0 0 0 1
Parainfluenza virus 3 0 0 1 0 2 0 0 2 1 0 1 2 9
Parainfluenza virus 4 0 1 8 0 1 1 0 1 0 1 0 0 8
Respiratory Syncytial Virus A+B 1 B 0 0 0 0 0 0 0 0 1 6 13
Rhinovirus/ Enterovirus 2 30 18 1 2 1 3 4 2 2 5 8 76

Jan. : January, Feb. : February, Mar. : March, Apr. : April, Jun. : June, Jul. : July, Aug. : August, Sep. : September, Oct. : October,

Nov. : November, Dec. : December

Co-Infections: The presence of more than one agent in the
same sample (co-infection) was also investigated with the
panel test. The co-infection rate in the entire study population
(n=453) was calculated as 10.4%. Two different agents were
detected together in 40 (19.5%) of the positive cases (dou-
ble infection), three different agents were detected together
in 5 (2.4%) cases and four agents were positive together in 2
(1.0%) cases. In other words, 47 patients (22.9%) were infect-
ed with more than one agent. The most common viral co-infec-
tion duos were adenovirus + rhinovirus (9 cases) and hMPV
+ rhinovirus (4 cases). In addition, SARS-CoV-2 + rhinovirus,
adenovirus + RSV and hMPV + influenza B co-infection were
detected in 3 cases each. When the demographic distribution
of the cases with co-infection was analyzed, it was found that
26 were children and 21 were adults; there was no significant
difference in the rates of co-infection between children and
adults (22.4% of child positives and 23.6% of adult positives
carried multiple agents; p>0.05). In the co-infection analysis,
an inter-agent relationship network was created based on pa-
tients with more than one viral agent at the same time. In this
network analysis, rhinovirus/enterovirus group was found to
be the most co-infected agent with all other agents; it stood
out as the agent at the center of the network and had the high-
est number of connections (centrality score: 0.647). The anal-
ysis also showed that Adenovirus, SARS-CoV-2, Respiratory
Syncytial Virus (RSV A/B) and Influenza A also had a high
number of connections in the network and were co-infected

with many different viruses (Figure 4).
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Figure 4: Co-Infection Network Agents)

In this study, we also grouped the positive test results accord-
ing to the number of causative agents detected per patient
and compared these groups with variables such as age, ward
and test time. A statistically significant correlation was found
between the number of positive tests and age (Kruskal-Wallis
test, p = 0.040). In the post-hoc analysis performed to detail
this difference, it was determined that the mean age of pa-
tients who were positive for 24 agents was significantly dif-
ferent from patients who were positive for 1 or 2 agents (p =
0.0263 for 1 vs 4+, p = 0.0473 for 2 vs 4+).
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In this study, positivity rates between wards were found to
differ significantly (p<0.001). According to the standardized
residual (Z-score) analysis performed to evaluate the contri-
bution of the wards to this difference, only two wards showed
statistically significant deviation: Pediatrics and Intensive
Care. The positivity rate in patients tested in the Pediatrics
service was significantly higher than expected (Z=+ 3.75),
whereas the positivity rate in the Intensive Care unit was sta-
tistically significantly lower than expected (Z= - 3.13).

In our study, possible sudden outbreak signals were statisti-
cally analyzed by evaluating weekly positivity rates by wards.
For this purpose, standardized residuals (Z-scores) were
calculated over weekly positivity rates in each ward and a Z
> 1.96 was considered as an early outbreak indicator. As a
result of the analysis, Z-score did not exceed this limit in any
ward + week combination. The highest positivity rates were
observed in Pediatrics, Pediatric Emergency, and outpatient
clinic wards, reaching up to 100% in some weeks. However,
these high rates occurred mostly in weeks when the number
of tests was low, and therefore did not reach a level that would
constitute a statistically significant outbreak signal.
DISCUSSION

In this study, nasopharyngeal swabs obtained from 453 pa-
tients with suspected acute respiratory tract infection were in-
vestigated for the causative agent using the syndromic panel
method. The positivity rate found (45.2%) is compatible with
the values reported in the literature and studies involving all
age groups generally report positivity rates between 30-50%
(7-9). When the seasonal distribution was analyzed, it was
found that the positivity rates showed significant seasonal fluc-
tuations. While the positivity rate was particularly high in winter
(58.9%) and spring (60.7%), this rate decreased significantly in
summer (13.8%) (P<0.001). This reflects the classical season-
al cycle of respiratory viral agents. It is well known that respi-
ratory tract infections in the northern hemisphere increase in
the fall and winter months and decrease in the summer (2). It
has been shown that environmental temperature and humidity
affect the transmission of viruses and especially low humidity
and cold weather facilitate the spread of droplet-borne respira-
tory viruses (10,11). The findings of this study confirm that viral
infections become more frequent in the winter season, when
close contact increases due to low humidity and closed envi-
ronments, and decrease in the summer.

In this study, he observed a very high positivity rate in March
2023, a month that is thought to have seen an increase in
cases as the ongoing winter wave of influenza B and hMPV
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coincided with the early spring surge of rhinovirus and ade-
novirus. Similarly, a strong influenza A wave was detected in
January 2024. These findings suggest that there may be vari-
ability in the circulation of viruses each year and that the timing
of influenza and similar epidemic waves may change. Reports
of shifts in the seasonal cycles of influenza viruses after the
COVID-19 pandemic also support this finding (12-15).

When the distribution of the agents we detected was ana-
lyzed, it was noteworthy that the rhinovirus/enterovirus group
was most frequently positive. Rhinovirus is the most common
cause of the common cold, especially in children, and it is a
virus that can remain in circulation throughout the year but can
peak in spring and fall (16). In our data, an increase in rhinovi-
rus positivity was observed especially in March-April and rhino-
virus was detected in 37% (76 cases) of all positive cases. This
rate is compatible with the 30-40% band reported in the litera-
ture and even higher in some pediatric cohorts (7,17). Although
rhinovirus often causes upper respiratory tract infections with a
mild course, it has been reported that it may also cause severe
lower respiratory tract infections, especially in young infants
and those with underlying chronic disease (16).

The second most common agents were influenza viruses. In
total, 58 influenza cases (29 A and 29 B) were detected. The
majority of influenza A cases belonged to the seasonal out-
break in winter 2023-24 (H1N1 and H3 subtypes in January
2024). Influenza B cases were clustered in March-April 2023.
This suggests that influenza B can sometimes peak late in the
season, after influenza A. In the winter of 2022-2023, a pro-
longed second wave of influenza B was reported in Turkey
(18-20). Our data also support this. The total positivity rate for
influenza A and B is 12.8% (58/453) when compared to all pa-
tients tested. These data indicate a moderate influenza activity
in the post-pandemic period. In a study conducted in adult pa-
tients in Edirne, influenza A positivity was reported as 3.7% and
influenza B positivity as 4.2% in the 2023-2024 season (21).
Since our study included all ages and included pediatric cases
during the period of intensive testing for influenza, influenza
rates were slightly higher. When we looked at the age distribu-
tion of influenza cases, we found that influenza B was mostly
seen in children and influenza A in adults. This difference has
been reported before; influenza B generally causes infection at
a higher rate in children and young people, while influenza A
can cause serious epidemics especially in older adults (22, 23).
COVID-19 (SARS-CoV-2) cases also played an important
role in this study. A total of 31 patients (15.1%) were positive
for SARS-CoV-2 PCR. A slight increase in COVID-19 cases
was also observed in autumn 2023 (a total of 6 cases in Octo-
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ber-November). In January 2024, SARS-CoV-2 was detected
in 7 cases. In this period, it can be said that although the pan-
demic effect of COVID-19 has decreased in our country, it has
not completely disappeared and has started to follow a sea-
sonal course. In a study conducted in adults alone in Edirne,
COVID-19 positivity was found to be 18.6% in the 2023-24
season (21). In our study, COVID-19 was analyzed togeth-
er with other viruses since all age groups and a wider agent
panel were included. Although there was a slight dominance
of the older age group among positive COVID-19 cases (14
adults, 8 older adults, 9 children), SARS-CoV-2 was detected
in all age groups and the age/sex difference was not statisti-
cally significant (p>0.05).

Looking at the clinical presentation areas for SARS-CoV-2,
the highest number of positive cases came from intensive
care units (n=13) and infectious diseases units (n=8). In
addition, positive cases, especially from pediatric health
and diseases, pediatric emergency, and pediatric hematol-
ogy-oncology services, indicate that COVID-19 still poses a
significant morbidity risk in pediatric and immunosuppressed
patient groups. It has also been shown in the literature that
COVID-19 has a longer viral shedding and severe clinical
course in immunocompromised individuals (24). The findings
show that COVID-19 continues to be a pathogen that needs
to be carefully monitored even during the transition to its en-
demic form. Although the pandemic intensity has decreased,
case increases are observed especially in winter and spring
months and vulnerable populations, especially immunocom-
promised individuals, are affected. Therefore, it may be rec-
ommended to develop seasonal surveillance systems for
COVID-19, plan vaccine reminder doses in vulnerable groups
and expand diagnostic tests seasonally.

Another frequently detected agent was adenovirus. Adenovi-
ruses are viruses that cause frequent infections in childhood
and usually lead to upper respiratory tract infections with a
mild course. Some serotypes cause pharyngitis and conjunc-
tivitis and rarely lead to severe pneumonia. In our study, ad-
enovirus PCR positivity was detected in 24 patients and 79%
of them were pediatric patients. In a significant proportion of
adenovirus positive cases (9 cases), rhinovirus or another vi-
rus was also detected at the same time (co-infection). This
finding suggests that adenovirus is a virus that can coexist
with other viruses and can be a carrier. In a study conduct-
ed in Turkey, the rate of adenovirus detection in pediatric pa-
tients was reported to be 5% and it was determined that the
infection progressed as co-infection with other pathogens in
a large proportion of the cases in which adenovirus was de-
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tected (68%; 17/25) (2). In our pediatric group, it was found
to be around 10%. This difference may be due to the season
and population in which the tests were performed. Our study
showed that adenovirus infections in Afyonkarahisar region
became more prominent especially in the spring months (12
cases in March and 6 cases in April).

Human metapneumovirus (hMPV), similar to RSV, is a virus
that can cause lower respiratory tract infections especially in
young children. In our study, hMPV was detected in 18 cas-
es and almost all of them were pediatric patients (mean age
~4 years). Most of the cases were in the March-April period
(early spring). This finding confirms the knowledge that hMPV
usually causes outbreaks in late winter and early spring. As a
matter of fact, an increase in hMPV infections in our country
in March 2023 was also reported by other centers (8). In our
study, rhinovirus or influenza B was also detected in some of
the hMPV cases; although it is known that hMPV may cause
co-infection, the clinical course of this condition may generally
be similar to single infection (25-27).

Among the seasonal coronaviruses in the panel, HKU1, NL63,
0OC43 and 229E subtypes were positive in a total of 17 cases.
Most of these cases were adults and elderly patients. Con-
sidering that seasonal coronaviruses are widely circulated in
the community and usually cause cold-like symptoms, the low
number of detections is an expected finding. Probably because
many mild cases were not admitted to hospital, the detection
rate of these viruses in the tested population remained low.
Among the parainfluenza virus (PIV) subtypes in the panel,
only type 3 (9 cases) and type 4 (8 cases) were found to be
positive, while types 1 and 2 were not detected in any sample.
In the literature, PIV-3 infections show a seasonal distribu-
tion with an increase every year, especially between April and
June. Moreover, in years when PIV-1 infection is not endemic,
PIV-3 may progress with a second peak with a lower intensi-
ty during a longer spring season or in November-December
(28). In our study, in a year when PIV-1 was not detected, PIV-
3 positivity was found compatible with the seasonal distribu-
tion reported in the literature with 3 cases in April-June and 4
cases in September-December. Although parainfluenza type
4 is generally a rare subtype, it was found to be positive in 7
cases in our study. The fact that PIV-1 and PIV-2 were not
detected may be related to the fact that the sampling period
may have been outside these cycles, especially since PIV-1
characteristically outbreaks every two years (biennially) and
in the fall-winter months. In addition, it is thought that regional
climatic differences may also have an effect on the circulation
of these subtypes (28, 29).
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Human bocavirus (HBoV) is a DNA virus that can cause respi-
ratory tract infections, especially in young children. Although
tested in our panel, HBoV positivity was found in only 5 pe-
diatric patients in our study and all of them were associated
with other viruses such as rhinovirus or adenovirus. In the
literature, HBoV is frequently reported as co-infection and
it is still controversial whether it causes disease alone (30).
Our findings suggest that HBoV is rarely detected as the sole
agent and its clinical significance may be limited.

Among the atypical bacterial agents investigated in the panel,
Mycoplasma pneumoniae was positive in 1 patient (5-year-
old child, March), while Bordetella pertussis was positive in
1 patient (75-year-old adult with COPD, February). Except
for these two patients, all other samples were negative for
bacterial agents. Chlamydophila pneumoniae and Legionella
pneumophila were not detected in any patient. These results
indicate that the majority of respiratory tract infections in our
study population were viral in origin. Similarly, other studies
have also found low rates of bacterial agent detection in the
respiratory tract panel. For example, in one study, bacterial
agents alone were detected in only 7 of 915 patients and
virus-bacteria co-infection was detected in 12; viral agents
alone were found responsible in the remaining 96% (2). In
our study, 99.1% of the positive cases had at least one viral
agent; bacterial agents played a role in only 0.9%. This find-
ing suggests that antibiotics may be largely unnecessary in
acute respiratory tract infections. It has been emphasized in
many publications that unnecessary use of antibiotics can be
prevented by rapid diagnosis of viral agents and this will con-
tribute to the control of antibiotic resistance (7).

In this study, the positivity rate was significantly higher than ex-
pected in patients tested in the Pediatrics service (Z=+3.75).
In parallel with this finding, it was found that respiratory syn-
dromic panel test results differed significantly depending on
age. In the 0-5 age group, the positivity rate was statistically
significantly higher (Z = +3.01). Similarly, the positivity rate
was found to be significantly higher in the 6-12 age group
(Z = +2.31). This high positivity rate is associated with sev-
eral reasons. Firstly, since the immune system in children is
still in the process of development, they are more suscepti-
ble to viral agents. In addition, since there is more contact
and droplet transmission in crowded environments such as
nurseries, kindergartens and primary schools, the spread of
respiratory tract infections can be expected to be easier. In
addition, since test ordering in pediatric patients is generally

more selective and symptom-oriented, the clinical accuracy
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of test positivity is also increased. The high positivity rate ob-
tained is consistent with panel positivity data reported up to
60-80% in pediatric patients in the literature (31,32). In a mul-
ticenter study conducted by Kim et al. (2018), 78.9% positivity
was reported in children aged 0-5 years, whereas this rate
decreased to 27.2% in people over the age of 50 (33). In our
study, positivity rates were lower in groups aged 13 years and
older, and no significant deviation was observed in these age
ranges. This finding may be explained by the fact that test
requests in this age group are based on more heterogeneous
clinical pictures or that the immune system in this age group is
more prepared against the agents due to past contacts.
Among the wards, the positivity rate was found to be statis-
tically significantly lower than expected in the Intensive Care
Unit in contrast to the Pediatrics Unit (Z=-3. 13). This may be
attributed to the fact that the threshold for requesting a test is
lower in intensive care patients, i.e. they may be asymptomat-
ic or sent tests with alternative diagnoses. In addition, factors
such as early initiation of antibiotic or antiviral treatments or
underlying comorbidities causing symptoms in these patients
may reduce the rate of diagnosed active viral infection. In ad-
dition, positivity rates in clinics such as Infectious Diseases,
Emergency Department and Internal Medicine were within
expected limits and did not show significant deviation.

These results suggest that attention should be paid to the pa-
tient profile and sampling strategy in the ordering and inter-
pretation of laboratory tests. Especially in patient groups with
multifactorial symptoms such as intensive care unit and syn-
dromic panel tests, ordering only with clinical correlation and
appropriate indications will increase their diagnostic value;
evaluation of test order indications and pretest possibilities by
ward may make these tests more cost-effective.

In our study, the inter-agent relationship network was ana-
lyzed; in this network analysis, it was observed that the rhino-
virus/enterovirus group was the most frequently co-infected
agent with all other agents (Figure 4). In the literature, it has
been determined in many studies that rhinovirus frequently
co-infects with other respiratory tract viruses (33-35). The fact
that rhinovirus shows such a widespread co-infection profile
may be associated with the high circulation frequency of this
virus and its capacity to produce widespread symptoms.

The analysis also revealed that Adenovirus, SARS-CoV-2,
Respiratory Syncytial Virus (RSV A/B) and Influenza A had a
high number of connections in the network and were detect-
ed together with many other viruses. This may be due to the

common transmission routes of these agents and their peaks
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during the same seasonal periods. It has been reported in the
literature that the co-infection rates of these viruses can be
up to 10% (35,36). These network analysis results support
clinicians to consider the possibility of multiple viral agents,
especially in patients with atypical symptoms or those who do
not respond to treatment, considering the possibility of mul-
tiple infections. It also suggests that co-infections should be
taken into account when planning in-hospital outbreak control
and isolation measures.

In addition, there was a statistically significant correlation be-
tween the number of positive causative agents of co-infection
and age (Kruskal-Wallis test, p = 0.040). In the post-hoc anal-
ysis performed to elaborate this difference, it was determined
that the mean age of patients who were positive with =4
agents was significantly different compared to patients who
were positive with 1 or 2 agents (p = 0.0263 for 1 vs 4+, p =
0.0473 for 2 vs 4+).

These findings suggest that cases with multiple viral agent
positivity are concentrated in childhood. It can be said that the
childhood age group is more prone to viral co-infections due to
both environmental transmission risks (such as kindergarten,
school) and immaturity of the immune system. In addition, im-
munological immaturity and receptor expression differences
in the respiratory tract mucosa are among the factors that fa-
cilitate multi-agent colonization in this group (37). Therefore,
it should be kept in mind that multiple agents detected in syn-
dromic panel tests in the pediatric age group should be evalu-
ated carefully; the specificity of symptoms may decrease and
treatment management may be complicated.

In our study, possible sudden outbreak signals were statisti-
cally analyzed by evaluating weekly positivity rates accord-
ing to wards. As a result of the analysis, Z- did not reach a
level that would constitute a statistically significant outbreak
signal in any ward + week combination. This analysis consti-
tutes an important example for passive surveillance and early
warning systems at hospital level and shows that syndromic
panel results can also be used for epidemiologic surveillance.
However, since non-routine requests for panel tests (e.g. im-
munosuppressed patients, intensive care cases) may lead to
results independent of outbreak dynamics, test ordering be-
havior should also be taken into account in such analyses.
Study Limitation

Our study has several limitations. First, its retrospective and
single-center design may cause the findings to be specific
only to the patient population of the center where the study
was conducted. This may limit the generalizability of the
results to different geographical regions or healthcare insti-
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tutions. In addition, due to the limited sample size, it needs
to be supported by multicenter and prospective studies with
larger samples. In particular, the imbalance in the number of
patients tested according to months (such as fewer tests in
summer months) may not reflect the true incidence of some
agents. In addition, our study did not analyze the clinical cor-
relates of the agents (severity of illness, length of stay, etc.) in
depth. Clinical outcomes of co-infections were not analyzed.
In the future, it would be useful to support these findings with
prospective designed, multicenter studies including clinical
data from different regions.

CONCLUSION

This syndromic panel study shows that the spectrum of
causative agents in patients with acute respiratory tract in-
fections is wide and viral agents play a dominant role. Rhino-
virus, influenza, RSV, adenovirus, human metapneumovirus
and SARS-CoV-2 were the most frequently detected agents
during this period. Positivity rates increased significantly in
the fall and winter months and decreased in the summer. The
detection rate of viral agents in pediatric patients was signifi-
cantly higher than in adults (p<0.001). Co-infections were
seen in approximately one quarter of the cases and the most
common association was adenovirus and rhinovirus. Bacte-
rial agents investigated in the panel were found very rarely.
Our data are consistent with other studies in the literature and
confirm that molecular tests have high detection rates in the
diagnosis of respiratory tract infections.

The use of rapid and sensitive diagnostic tools such as a
respiratory panel provides clinicians with early information
about the causative agent, allowing them to prevent unneces-
sary antibiotic use, start antiviral treatment on time and isolate
the patient when necessary. This is critical for both patient
health and public health. In our study, it was understood that
empirical antibiotic treatment would not be necessary in a sig-
nificant portion of this patient group, in which viral agent was
detected in approximately half of them by syndromic panel. In
conclusion, the rational use of syndromic panel tests in acute
respiratory tract infections accelerates the correct diagnosis,
directs appropriate treatment and reduces the burden on the
healthcare system. The epidemiologic data obtained reveal
the seasonal trends of respiratory tract pathogens circulating
in our region and provide valuable information for future epi-
demic predictions.

Ethics committee approval

This study was conducted with the approval of Afyonkarahisar
Health Sciences University Non-Interventional Clinical Research
Ethics Committee (Date: 02.08.2024 - Number: 2024/275).



DOI: 10.37990/medr. 1749225

REFERENCES

1.

10.

1.

12.

13.

Hong YJ, Jung BK, Kim JK. Epidemiological characterization
of respiratory pathogens using the multiplex PCR FilmArray
Respiratory Panel. Diagnostics. 2024;14(7):734.

Ugur M, Sahin AM, Avci E. Solunum yolu infeksiyonlarinin
tanisinda molekuler panel sonuglarinin klinik ve demografik
oOzelliklere gére yorumlanmasi. Klimik Derg. 2025;38(1):36-44
Centers for Disease Control and Prevention. Evaluation
of 11 commercially available rapid influenza diagnostic
tests United States, 2011-2012. MMWR Morb Mortal Wkly
Rep. 2012;61:873-6. https://www.cdc.gov/mmwr/preview/
mmwrhtml/mm6143a3.htm Access date: 01.05.2025

Salez N, Nougairede A, Ninove L, Zandotti C, De Lambal-
lerie X, Charrel RN. Xpert Flu for point-of-care diagnosis of
human influenza in industrialized countries. Expert Rev Mol
Diagn. 2014;14:411-418.

Hammond SP, Gagne LS, Stock SR, et al. Respiratory virus
detection in immunocompromised patients with FilmArray
Respiratory Panel compared to conventional methods. J
Clin Microbiol. 2012;50:3216-3221.

Liu S, Lei Y, Chen X, et al. Epidemiological characteristics of
respiratory pathogens infections among children after the re-
moval of non-pharmaceutical interventions in central China.
Virol J. 2024;21:303.

Zeytinli UO, Durmuslu AO, Aslan FG, et al. Distribution of
respiratory viruses: evaluation of multiplex PCR results of
3074 patients. North Clin Istanb. 2022;9(5):501-504.

Arslan A, Cigek C, Saz EU, et al. Evaluation of the perfor-
mance of a multiplex PCR method for the diagnosis of vi-
ral respiratory tract infections. Tirk Mikrobiyol Cem Derg.
2016;46:159-164.

Ecemis T, Yilmaz O, Sanhdag T, Akgal S, Yiiksel H. Inves-
tigation of viral agents by multiplex PCR in children with
symptoms of upper respiratory tract infection. izmir Dr Be-
hcet Uz Cocuk Hast Dergisi. 2012;2(1):1-5.

Nichols GL, Gillingham EL, Macintyre HL, et al. Coronavirus
seasonality, respiratory infections and weather. BMC Infect
Dis. 2021;21(1):1101.

Marr LC, Tang JW, Van Mullekom J, Lakdawala SS. Mecha-
nistic insights into the effect of humidity on airborne influen-
za virus survival, transmission and incidence. J R Soc Inter-
face. 2019;16(150):20180298.

Lampros A, Talla C, Diarra M, et al. Shifting patterns of influ-
enza circulation during the COVID-19 pandemic, Senegal.
Emerg Infect Dis. 2023;29(9):1808-1817.

Chen X, Chen H, Tao F, et al. Global analysis of influenza
epidemic characteristics in the first two seasons after lifting
the nonpharmaceutical interventions for COVID-19. Int J In-
fect Dis. 2025;151:107372.

14.

15.

16.

17.

18.

19.

21.

22.

23.

24.

25.

26.

27.

28.

10

Med Records 2026;1: 1749225

Quintero-Salgado E, Briseno-Ramirez J, Vega-Cornejo G,
et al. Seasonal shifts in influenza, respiratory syncytial virus,
and other respiratory viruses after the COVID-19 pandemic:
an eight-year retrospective study in Jalisco, Mexico. Viruses.
2024;16(12):1892.

Lu C, Barr IG, Lambert S, et al. Shifts in seasonal influenza
patterns in Australia during and after COVID-19: a compre-
hensive analysis. J Infect Public Health. 2025;18(1):102620.
Jacobs SE, Lamson DM, St George K, Walsh TJ. Human
rhinoviruses. Clin Microbiol Rev. 2013;26(1):135-162.
Masoud K, Hanna-Wakim R, Zaraket H, et al. Viral etiology
of acute respiratory infections in pediatric patients in Leba-
non. Mediterr J Hematol Infect Dis. 2019;11(1):e2019059.
T.C. Saglik Bakanligi. Grip Surveyans Raporu 2022/2023
— 13. Hafta. https://grip.saglik.gov.tr/tr/hir Access date:
03.05.2025

T.C. Saglk Bakanhgi. Grip Sirveyans Raporu 2022/2023
— 14. Hafta. https://grip.saglik.gov.tr/tr/hir Access date:
03.05.2025

. T.C. Saglk Bakanhgi. Grip Surveyans Raporu 2022/2023

— 15. Hafta. https://grip.saglik.gov.tr/tr/hir Access date:
03.05.2025

Bukavaz S, Gungor K, Kéle M, Ekuklu G. Acute respiratory
viral infections among adult patients in Edirne, Turkey. Trop
Med Infect Dis. 2025;10(2):58.

Ambrose CS, Levin MJ. The rationale for quadrivalent influ-
enza vaccines. Hum Vaccin Immunother. 2012;8(1):81-88.
Thompson WW, Shay DK, Weintraub E, et al. Mortality as-
sociated with influenza and respiratory syncytial virus in the
United States. JAMA. 2003;289(2):179-186.

Avanzato VA, Matson MJ, Seifert SN, et al. Case study:
prolonged infectious SARS-CoV-2 shedding from an asymp-
tomatic immunocompromised individual with cancer. Cell.
2020;183(7):1901-1912.

Williams JV, Tollefson SJ, Heymann PW, et al. Human
metapneumovirus infection
wheezing. J Allergy Clin Immunol. 2005;115(6):1311-1312.

Calvo C, Garcia-Garcia ML, Blanco C, et al. Multiple simul-

in children hospitalized for

taneous viral infections in infants with acute respiratory tract
infections in Spain. J Clin Virol. 2008;42(3):268-272.
Semple MG, Cowell A, Dove W, et al. Dual infection of in-
fants by human metapneumovirus and human respiratory
syncytial virus is strongly associated with severe bronchiol-
itis. J Infect Dis. 2005;191(3):382-386.

Camdere H, Ezer B, Ozdemir M. Parainfluenza viriis enfek-
siyonlarinin serotiplere ve mevsimlere gore dagilimi. Turk
Mikrobiyol Cemiy Derg. 2024;54(3):196-200.



DOI: 10.37990/medr. 1749225

20.

30.

31.

32.

33.

Fry AM, Curns AT, Harbour K, et al. Seasonal trends of
human parainfluenza viral infections: United States, 1990-
2004. Clin Infect Dis. 2006;43(8):1016-1022.

Martin ET, Fairchok MP, Kuypers J, et al. Frequent and pro-
longed shedding of bocavirus in young children attending
daycare. J Infect Dis. 2010;201(11):1625-1632.

Akkoc G, Dogan C, Bayraktar S, et al. Evaluation of viral
respiratory pathogens in children aged under five hospital-
ized with lower respiratory tract infections. North Clin Istanb.
2022;9(2):162-172.

Correia W, Dorta-Guerra R, Sanches M, et al. Study of the
etiology of acute respiratory infections in children under 5
years at the Dr. Agostinho Neto Hospital, Praia, Santiago
Island, Cabo Verde. Front Pediatr. 2021;9:716351.

Kim D, Quinn J, Pinsky B, Shah NH, Brown |. Rates of co-in-
fection between SARS-CoV-2 and other respiratory patho-
gens. JAMA. 2020;323(20):2085-2086.

11

34.

35.

36.

37.

Med Records 2026;1: 1749225

Shi YR, Yuan K, Yue L, et al. Clinical characteristics of single
human rhinovirus infection and co-infection in the respiratory
tract of children. Transl Pediatr. 2025;14(3):373-381.
Stefanska |, Romanowska M, Donevski S, Gawryluk D, Bry-
dak LB. Co-infections with influenza and other respiratory
viruses. Adv Exp Med Biol. 2013;756:291-301.

Martin ET, Kuypers J, Wald A, Englund JA. Multiple vs single
virus respiratory infections: viral load and clinical disease se-
verity in hospitalized children. J Clin Virol. 2012;54(1):45-51.
Usemann J, Alves MP, Ritz N, et al. Age-dependent re-
sponse of the human nasal epithelium to rhinovirus infec-
tion. Eur Respir J. 2020;56(4):2000877.



