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Abstract

Aim: Acute respiratory tract infections continue to be among the leading causes of morbidity and mortality in pediatric patients. Early identification of
respiratory infections and detection of the causative pathogen are crucial for accurate diagnosis and effective treatment.

Our study aims to evaluate the multiplex PCR results of pediatric patients admitted to the intensive care unit, determine the prevalence of respiratory
pathogens, and investigate their association with clinical outcomes.

Materials and Methods: The study was conducted retrospectively on pediatric patients aged 1 month to 18 years who were admitted to the PICU and
underwent respiratory multiplex PCR testing between April 15, 2021, and April 15, 2023.

Results: The study included a total of 160 patients, 53.1% of whom were female. A viral pathogen was detected in 79 patients (49.4%), a bacterial pathogen
in 39 patients (24.4%), while no pathogen was identified in 26.2% of cases. The most frequently detected bacterial pathogen was Haemophilus influenzae in
33 patients (20.6%), followed by Streptococcus pneumoniae in 15 patients (9.4%). The most common viral pathogen was Rhinovirus/Enterovirus, detected in
18 patients (11.2%), followed by RSV at 10% prevalence. Patients with positive PCR results had higher ALT, AST, and lactate levels.

Discussion: The respiratory multiplex PCR panel, with its rapid diagnostic capability, can help reduce unnecessary antibiotic use in critically ill pediatric patients,
thereby minimizing antimicrobial resistance development.
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Introduction

Lower respiratory tract infections (LRTIs) represent a significant
health concern in children, affecting the bronchi and alveoli.
These infections continue to contribute to high morbidity and
mortality rates in the pediatric population.

Acute respiratory infections characteristically initiate in the
upper respiratory tract, as the entry point for pathogens is via
the nose, mouth, or eyes. These infections typically require two
to four days to disseminate to the lower parts of the airways.
The manifestations of these infections are often analogous,
with symptoms including fever, cough, and malaise [1].

The diversity of organisms causing ASRI in children and the
delay in diagnosis (approximately 30%) have been shown to
affect the treatment process. The majority of patients admitted
to pediatric intensive care units (PICU) are still diagnosed with
ASRI. Co-infections have been detected in approximately 26—
35% of hospitalized children with pneumonia, and this condition
is thought to increase the severity of infection [2].

Accurate identification of respiratory pathogens is crucial
for the clinical diagnosis, treatment, and epidemiological
surveillance of ASRIs. PCR is widely used for molecular
detection, and innovative multiplex PCR methods, which can
identify multiple pathogens simultaneously, have significantly
improved the efficiency of respiratory pathogen detection [3].
Multiplex RT-PCR assays are widely used tools for detecting
and differentiating a range of respiratory viral pathogens [4].
Quantitative multiplex-PCR testing of respiratory secretions
in, the respiratory tract is a highly sensitive method for the
diagnosis of viral infections. With this test, viral pathogens
as well as atypical bacterial pathogens can be confirmed [5].
These techniques the classical methods of virus isolation or
direct fluorescent antibody (DFA) tests offer higher sensitivity.
It is also shorter time and provides specific results for a larger
number of pathogens. Recently a study showed that multiplex
PCR methods can detect up to 16 pathogens in a single test.
Simultaneously detect and differentiate lower respiratory
tract infections [6]. Inadequate etiologic diagnosis of lower
respiratory tract infections, unnecessary and inappropriate
use of antibiotics, and widening hospital stays, hospital
can lead to increased costs and antibiotic resistance. Viral
rapid depletion of viruses, early diagnosis, and clinical use by
pediatricians are extremely important for decision-making [7].
In this study, we analyzed the multiplex respiratory PCR results
of pediatric patients admitted to the PICU. We aimed to identify
the etiological agents responsible for ASRI in children and to
demonstrate their demographic and clinical characteristics.
By presenting the detected pathogens through multiplex
respiratory PCR, we aimed to increase awareness in this field.

Materials and Methods

The study was conducted retrospectively on pediatric patients
aged 1 month to 18 years who were admitted to the PICU and
underwent respiratory multiplex PCR testing between April 15,
2021, and April 15, 2023. Patient data were retrieved from the
hospital information system. The recorded variables included
age, gender, reasons for admission, symptoms, clinical findings,
laboratory parameters, respiratory support interventions, and
prognosis.

Nasopharyngeal samples were collected and transported to the
laboratory for analysis (Seeplex® RV15 ACE, Seegene, South
Korea). The test was performed according to the manufacturer’s
protocol.

Data analysis was conducted using IBM SPSS Statistics 25 ©
Copyright SPSS Inc. 1989, 2017. The normality of distribution
for continuous variables was assessed using the Kolmogorov-
Categorical variables were presented as
frequency (n) and percentage (%), while continuous variables

Smirnov test.

were expressed as mean + standard deviation (SD), median
(IQR 25-75), and minimum-maximum values.

For independent two-group comparisons, the Mann-Whitney U
test was applied due to non-normal distribution of data. The
Kruskal-Wallis H test was used for comparisons of more than
two independent groups, and post-hoc Bonferroni correction
was performed based on the Kruskal-Wallis H test results.

For categorical variable analyses, Pearson’s Chi-Square test,
Fisher's Exact test, Fisher-Freeman-Halton Exact test, Yates’
correction, and post-hoc Bonferroni correction were applied.
Statistical significance was set at p < 0.05.

Ethical Approval

This study was approved by the Ethics Committee Umraniye
Training and Research Hospital (Date: 2023-06-20, No:
218500688).

Results

The study included a total of 160 patients, of whom 53.1% were
female. The mean age of the patients was 6.66 + 5.26 years.
Among them, 152 (95%) had received routine vaccinations and
94 (58.8%) had comorbid conditions. PCR results were positive
in 96 (60%) patients. The demographic characteristics of the
patients are summarized in Table 1.

A viral pathogen was detected in 79 (49.4%) patients, while
bacterial pathogens were identified in 39 (24.4%) patients; in
26.2% of cases, no pathogen was detected. The most frequently
detected bacterial pathogen was Haemophilus influenzae, found
in 33 (20.6%) patients, followed by Streptococcus pneumoniae
in 15 (9.4%) patients.

The most commonly detected viral pathogen was Rhinovirus/
Enterovirus, found in 18 (11.2%) patients, followed by RSV at
a frequency of 10%. The distribution of pathogens identified
through respiratory multiplex PCR is presented in Table 2.

The most common reason for PICU admission was respiratory
(47.5%), followed by (15%) and
postoperative monitoring (13.8%). A significant association
was observed between younger age and higher PCR positivity
rates (Figure 1).

Among the patients, 68% exhibited single pathogen growth,
24.7% had dual pathogen growth, and 7.2% had three or more
pathogens detected.

The most frequently observed symptoms were fever (81.1%),
cough (58.6%), nasal discharge (41.3%), vomiting (17.5%),
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Figure 1. PCR positivity distribution by age group
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diarrhea (11.3%), and rash (7.5%), in descending order of
prevalence.  The laboratory parameters of PCR-positive
and PCR-negative patient groups were compared. ALT, AST,
creatinine, and lactate levels were significantly higher in PCR-
positive patients than in PCR-negative patients (p = 0.030,
p = 0.002, p = 0.032, and p = 0.045, respectively). However,
neutrophil counts were significantly lower in PCR-positive
patients (p = 0.024).

A total of 67 patients (41.9%) required mechanical ventilation
for respiratory support. The types of respiratory support were
compared between PCR-positive and PCR-negative patient
groups.

Patients with spontaneous breathing who did not receive
oxygen therapy or other forms of respiratory support had a
significantly higher PCR negativity rate compared to those
receiving respiratory support (p = 0.023, ) However, no
significant differences were found between groups receiving
oxygen via mask, invasive mechanical ventilation (IMV), and
non-invasive ventilation (NIV).

There were no statistically significant differences between
the types of respiratory support and the number of pathogens
detected (single, dual, or triple growth) or the type of pathogens
identified (viral vs. bacterial) (p > 0.05).

A chest X-ray was performed on all patients for whom a
respiratory panel was requested. The rate of pulmonary
infiltration was significantly higher in PCR-positive patients
compared to PCR-negative patients (p < 0.001). However, there
was no significant difference between the groups in terms of
pleural effusion and pneumothorax incidence.

Antibacterial treatment was administered to 97.5% of the
patients, while 21.9% received antiviral therapy. No significant
difference was found between PCR-positive and PCR-negative
patient groups in terms of antiviral and antibacterial treatment
administration (p > 0.05). Similarly, there was no significant
difference between the groups in terms of seasonal distribution
(p = 0.548, p > 0.05).

Atotal of 31 patients (19.4%) died, and no significant difference

Table 1. Demographic characteristics of the patients

Variable Total (n=160)

Min-Max: 1-17 4 (1-9)

Age (Years)

Mean + SD: 6.66 + 5.26
Gender
Female 85 (53.1%) 49 (51%)
Male 75 (46.9%) 47 (49%)
Nationality
Turkish Citizen 138 (86.3%) 79 (82.3%)
Foreign National 22 (13.8%) 17 (17.7%)
Comorbidity
Present 94 (58.8%) 59 (61.5%)
Absent 66 (41.3%) 37 (38.5%)
Vaccination Status
Vaccinated 152 (95%) 89 (93.7%)
Unvaccinated 8 (5%) 6 (6.3%)
Prognosis
Survived 129 (80.6%) 73 (76%)
Deceased 31 (19.4%) 23 (24%)

PCR Positive (n=96)

in mortality rates was observed between the patient groups (p
= 0.111). However, the length of PICU stay was significantly
longer in deceased patients compared to survivors (Table 3).

Discussion

Acute respiratory tract infections are a major cause of morbidity
and mortality in childhood. Identifying the causative agents of
these infections and implementing appropriate interventions
are crucial. These infections predominantly affect children
aged 0-5 years, with viral pathogens being the most common
causative agents. Additionally, co-infections involving viral-
viral or viral-bacterial agents can also occur. The widespread
adoption of multiplex PCR, a diagnostic method with high
sensitivity and reliability for respiratory infections, has the
potential to facilitate rapid diagnosis and treatment, thereby
improving patient prognosis.

A study conducted in a pediatric intensive care unit (PICU) in
India reported that 85% of patients with positive respiratory
PCR test results had viral pathogens [8] Similarly, in our study,
viral pathogen positivity was detected in 81.3% of cases. In
recent years, the misuse of antibiotics and the emergence
of antimicrobial resistance have become growing concerns.
We believe that the increasing use of PCR can help reduce
unnecessary and widespread antibiotic use.

Appak et al. reported that rhinovirus/enterovirus
respiratory syncytial virus (RSV) were the most commonly
detected pathogens in pediatric patients [9] Similarly, a 2023
study found that the most prevalent pathogens were rhinovirus/
enterovirus (31.6%), RSV (18.8%), and adenovirus (15%) [10].
In our study, the most frequently detected viruses, consistent
with the literature, were rhinovirus/enterovirus (18.8%) and
RSV (16.7%).

Results may vary based on the studied age group and clinical
setting. Akkoc et al. found that RSV was the most common
pathogen in children aged <5 years, followed by rhinovirus [11].
The higher incidence of RSV in this age group is well established.
We believe that the differing results in our study may be due to

and

PCR Negative (n=64)

7.5 (2-12) 0.022y
36 (56.3%)
0.518*
28 (43.8%)
59 (92.2%)
0.122*
5 (7.8%)
35 (54.7%)
0.394
29 (45.3%)
62 (96.9%)
0.476
2(3.1%)
56 (87.5%)
0111
8 (12.5%)
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Table 2. Pathogens detected by respiratory multiplex PCR

Pathogens All Participants (n=160) n(%) PCR Positive Patients (n=96) n(%)
Viral

Absent 81 (50.6%) 18 (18.8%)

Present 79 (49.4%) 78 (81.3%)

Bacterial

Absent 121 (75.6%) 57 (59.4%)

Present 39 (24.4%) 39 (40.6%)

Mycoplasma pneumoniae

Absent 160 (100.0%) 96 (100.0%)
Present 0 (0.0%) 0 (0.0%)
Legionella pneumophila

Absent 159 (99.4%) 95 (99%)
Present 1 (0.6%) 1(1%)
Bordetella pertussis

Absent 159 (99.4%) 95 (99%)
Present 1 (0.6%) 1(1%)
Respiratory Syncytial Virus

Absent 144 (90.0%) 80 (83.3%)
Present 16 (10.0%) 16 (16.7%)

Parainfluenza

Absent 152 (95.0%) 88 (91.7%)
Present 8 (5.0%) 8(8.3%)
Influenza

Absent 152 (95.0%) 88 (91.7%)
Present 8 (5.0%) 8 (8.3%)

Rhino/Enterovirus

Absent 142 (88.8%) 78 (81.3%)
Present 18 (11.2%) 18 (18.8%)
Human Metapneumovirus

Absent 160 (100.0%) 96 (100.0%)
Present 0 (0.0%) 0 (0.0%)

Coronavirus 0C43

Absent 147 (92.5%) 84 (87.5%)
Present 12 (7.5%) 12 (12.5%)
Adenovirus

Absent 154 (96.3%) 90 (93.8%)
Present 6 (3.8%) 6 (6.3%)
Bocavirus

Absent 150 (93.8%) 86 (89.6%)
Present 10 (6.3%) 10 (10.4%)

Human Parechovirus

Absent 159 (99.4%) 95 (99%)
Present 1 (0.6%) 1(1%)
Haemophilus influenzae

Absent 127 (79.4%) 64 (66.7%)
Present 33 (20.6%) 32 (33.3%)
Chlamydia pneumoniae

Absent 160 (100.0%) 96 (100.0%)
Present 0 (0.0%) 0 (0.0%)

Streptococcus pneumoniae

Absent 145 (90.6%) 81 (84.4%)
Present 15 (9.4%) 15 (15.6%)
COVID-19

Absent 153 (95.6%) 89 (92.7%)
Present 7 (4.4%) 7 (7.3%)
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Table 3. Comparison of length of hospital stay based on patient
prognosis

Survived
(n=129)

Deceased p
(n=31) value

Prognosis

PICU Length of Stay (days) 9 (5-18) 21 (8-45) 0.015
Total Hospital Length of Stay (days) 20 (13-40) 24 (8-50) 0.846
PICU/Hospital Stay Ratio 0.53 (0.36-0.71) 0.96 (0.7-1) <0.001

the inclusion of critically ill patients and a broader age range.
A 2022 study reported that PCR positivity was most frequently
observed in children aged 2-4 years [12]. Consistently, our study
found that PCR positivity was most common in children aged
0-5 years (p = 0.022).

Lower respiratory tract infections often lead to respiratory
distress, necessitating oxygen therapy, invasive mechanical
ventilation (IMV), or non-invasive ventilation (NIV) in some cases.
In our study, the PCR negativity rate was 28.1% in patients who
did not require respiratory support, whereas it decreased to
12.5% in PCR-positive patients (p = 0.02). Similarly, respiratory
distress was more frequently observed in PCR-positive patients
(p = 0.03).

These findings suggest that multiplex respiratory PCR testing
should be performed in critically ill patients with respiratory
distress, facilitating the early identification of pathogens. This
approach may improve patient outcomes by enabling early
targeted treatments and timely respiratory support.

Several studies have investigated the impact of co-infections
on clinical outcomes. A study conducted in Italy found that viral
co-infections were not a risk factor for mechanical ventilation,
whereas viral-bacterial co-infections were significantly
associated with mechanical ventilation requirement (p < 0.001)
[13].

Similarly, in a study by Chien-Yu Lin et al., approximately one-
quarter of patients were co-infected with two or more viruses,
but no significant differences were found between single-
pathogen infections and co-infections in terms of clinical or
laboratory findings [14].

In our study, patients with spontaneous breathing who
did not require oxygen or other respiratory support had a
significantly higher PCR negativity rate compared to those
who required respiratory support (p = 0.023). However, there
was no significant difference among patients receiving oxygen
via mask, IMV, or NIV. Additionally, there was no statistically
significant difference between the type of respiratory support
and the number of pathogens detected (single, dual, or triple) or
the type of pathogens (viral vs. bacterial).

Radiographic findings play a crucial role in the diagnosis and
management of viral and bacterial respiratory infections. Javier
et al. (2021) reported that patients with PCR positivity had
a higher prevalence of lung infiltration on chest X-rays [15].
Similarly, in our study, pulmonary infiltration was significantly
more frequent in PCR-positive patients compared to PCR-
negative patients (p < 0.001). However, no significant difference
was observed between the groups regarding pleural effusion or
pneumothorax incidence.

Limitations

Aretrospective study, with its inherent limitations on the number

of subjects and the range of situations that can be assessed,
was the basis of our investigation. Notably, this retrospective
study was conducted in pediatric intensive care units.

The evaluation of multiplex PCR results in inpatients revealed
the prevalence and clinical impact of co-infections and various
causative agents on clinical outcomes.

The findings of this study suggest a substantial impact of co-
infections and various causative agents on clinical outcomes.
The results are indicative of the need for further research in this
field. The interaction of viral and bacterial agents, as well as
the implications of seasonal changes on disease management,
are of particular importance for clinical practice.

The results of the study have revealed significant findings.
Conclusion

Multiplex respiratory PCR panels, by providing rapid diagnostic
results, may help prevent unnecessary antibiotic use in critically
ill pediatric patients, thereby reducing the risk of antimicrobial
resistance. Furthermore, by enabling targeted therapy, they
may contribute to improving clinical outcomes. However, their
use in critically ill pediatric patients should consider limitations
such as cost and accessibility.
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