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Abstract: Antibiotics are frequently prescribed to children with pneumonia, although viruses are
responsible for most cases. We aimed to evaluate the impact of multiplex polymerase chain reaction
(mPCR) on antibiotic use. We conducted a prospective study of children under 14 years of age admit-
ted for suspected viral pneumonia, from October 2019 to June 2022 (except March-November 2020).
A mPCR respiratory panel (FilmArray® 2plus, bioMérieux, Marcy-1'Etoile, France) was performed
within 72 h of admission. Patients with positive reverse transcription PCR for respiratory syncytial
virus, influenza, or SARS-CoV-2 were excluded. We compared the patients with historical controls
(2017-2018) who had suspected viral pneumonia but did not undergo an aetiological study. We
included 64 patients and 50 controls, with a median age of 26 months. The respiratory panel detected
viral pathogens in 55 patients (88%), including 17 (31%) with co-infections. Rhinovirus/enterovirus
(n = 26) and human metapneumovirus (n = 22) were the most common pathogens, followed by
adenovirus and parainfluenza (n = 10). There were no statistically significant differences in the
total antibiotic consumption (83% of cases and 86% of controls) or antibiotics given for >72 h (58%
vs. 66%). Antibiotics were prescribed in 41% of the cases and 72% of the controls at discharge
(p = 0.001). Ampicillin was the most commonly prescribed antibiotic among the patients (44% vs. 18%
for controls, p = 0.004), while azithromycin was the most commonly prescribed among the controls
(19% vs. 48% for patients and controls, respectively; p = 0.001). Our findings underscore the need
for additional interventions alongside molecular diagnosis to reduce antibiotic usage in paediatric
community-acquired pneumonia.
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1. Introduction

Community-acquired pneumonia (CAP) is a leading cause of childhood morbidity
and mortality worldwide. Due to this large disease burden on paediatric health, the optimal
management of CAP is essential, including prompt diagnosis and appropriate antimicrobial
therapy. In recent years, the wide use of molecular diagnostic tests for identifying the aeti-
ology of respiratory infections has underscored the significant contribution of respiratory
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viruses to paediatric CAP. However, although respiratory viruses are responsible for most
cases of CAP, antibiotics are often prescribed [1].

Bacterial diagnostics remain suboptimal [1], and the distinction between viral and
bacterial CAP is usually based on the combined evaluation of epidemiological factors
(patient’s age, viral epidemics in the community), clinical and radiological manifestations,
and inflammatory markers. However, there is significant overlap, and clinical algorithms
cannot clearly discern the cause of CAP [2], which leads to substantial variations in its
management. Various diagnostic models have been developed to predict the viral aetiology
of paediatric respiratory infections, but most have focused on specific viruses, mainly
influenza, and are not yet ready for clinical application [3]. Moreover, the identification
of viruses within the upper respiratory tract does not confirm their causal relationship
with CAP, nor does it exclude the presence of a bacterial pathogen, given the frequent
occurrence of mixed viral-bacterial infections in paediatric cases [2,4]. The detection of
certain respiratory viruses (respiratory syncytial virus, metapneumovirus, influenza and
parainfluenza) is likely causative of the disease, whereas the clinical significance of other
respiratory pathogens is less clear [5,6].

In this context, the detection of a plausible viral agent might lead to a significant
reduction in antibiotic prescriptions, decreasing the use of unnecessary antibiotics, the
occurrence of adverse drug reactions and the emergence of drug-resistant strains [7]. Prior
studies that have included children with respiratory infections have shown how point-
of-care microbiological tests are associated with a decrease in antibiotic use. However,
results have been inconsistent across various series. The fact that the inclusion criteria
show ample variation [8] might underline some of the differences encountered among the
studies performed using multiplex polymerase chain reaction (mPCR) in paediatric hospi-
talised patients, given that most studies did not restrict the study population to a specific
diagnosis such as CAP [9-12]. Therefore, the impact of mPCR on antibiotic prescription in
children with suspected viral CAP remains unclear. Various factors can further influence
antibiotic utilization, such as apprehension stemming from the patient’s characteristics or
the physician’s uncertainty, inadequate knowledge, and a sense of complacency [13,14].

We designed this study to evaluate the effect of mPCR on antibiotic consumption in
paediatric inpatients with suspected viral CAP compared to the standard clinical practice.

2. Patients and Methods
2.1. Study Design

This was a prospective study of children diagnosed with suspected viral CAP and
admitted to a tertiary paediatric hospital (La Paz University Hospital, Madrid, Spain), and
recruited from October 2019 to June 2022. The study was interrupted between 12 March
and 9 November 2020 due to the COVID-19 pandemic. A mPCR respiratory panel was
performed in the first 72 h after hospital admission. Patients were compared with a historic
cohort of children admitted for suspected viral CAP during the previous seasons (January
2017-April 2019) when mPCR was not available. The control group was identified using
discharge codes from the International Classification of Diseases, Tenth Revision (ICD-10),
specifically J.12 for viral pneumonia, J.16 for pneumonia due to other infectious organisms
not elsewhere classified, and J18 for pneumonia of unspecified organism. Subsequently,
the control group’s electronic medical records underwent a thorough review to ensure that
selected cases met the diagnostic criteria consistent with suspected viral CAP, mirroring
those applied to the patient group, and did not meet any exclusion criteria. Lastly, the
patients and controls were matched by age (in years) and corresponding seasons to enhance
comparability between the groups.

Data were collected anonymously and included clinical and epidemiological char-
acteristics (age, sex, underlying health conditions, signs and symptoms) and laboratory,
radiology and microbiology results. We also recorded data regarding antibiotic prescrip-
tion (total antibiotic use during hospital say, antibiotic use for more than 72 h, antibiotic
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prescription at discharge, and duration of antibiotic therapy), length of hospital stay and
paediatric intensive care unit admission.

The study was approved by the local ethics committee (study number PI-3703), and written
informed consent was obtained from the parents or legal guardians before study inclusion.

2.2. Definitions and Inclusion/Exclusion Criteria

The parents of patients under 16 years of age admitted to La Paz University Hospital
with a diagnosis of suspected viral CAP were offered the opportunity of enrolling their
children in the study.

CAP was defined as an acute lower respiratory tract infection that had started in
the past 14 days, with fever (body temperature > 37.8 °C) and respiratory symptoms
(at least one of the following: cough, sputum production, pleuritic pain, poor appetite),
and/or abnormal physical examination (at least one of the following: tachypnoea, breathing
difficulty, abnormal lung auscultation), and new or increasing alveolar infiltrate in chest
radiography. In children younger than 2 years, peribronchial thickening and diffuse
small patchy infiltrates were not considered as alveolar infiltrates unless there was also
pleural effusion.

The type of CAP was established according to the following criteria [15]:

Acute onset of fever > 39 °C

Pleuritic chest pain or equivalent (abdominal pain, meningismus)
Focal lung auscultation (tubal murmur, hypoventilation or crackles)
Focal consolidation in chest radiographs

Leucocytosis > 12,000/ mm? with neutrophilia > 6000/ mm?>
C-reactive protein (CRP) level > 60 mg/L

Patients fulfilling fewer than 3 criteria were classified as having suspected viral CAP,
whereas those with 3 or more criteria were considered as having typical bacterial CAP.

Children were excluded if they were immunocompromised or had been discharged
from hospital in the previous 3 days before the current admission. We also excluded those
patients with positive PCR for influenza or respiratory syncytial virus (RSV), which is
routinely performed at our institution prior to hospital admission on all children with respi-
ratory infections (Cobas® Liat Influenza A /B & RSV, Roche Diagnostics, Basel, Switzerland).
From November 2020, we also excluded children who tested positive for SARS-CoV-2,
which was tested through several commercial RT-PCR assays and/or rapid antigen tests
on nasopharyngeal swabs (including TagMan 2019 nCoV Assay Kit v1 [Thermo Fisher
Scientific Inc., Franklin, MO, USA], SARS-CoV-2 Real Time PCR Kit, [Vircell, Granada,
Spain] and Seegene Allplex SARS-CoV-2 Assay [Seegene, Seoul, Republic of Koreal]).

2.3. Microbiological Analysis

Nasopharyngeal swabs were collected in the first 72 h after hospital admission by
paediatric nurses according to the standard procedure. The swabs were immediately sent to
the Microbiology Department, where they were processed and tested using the FilmArray®
Respiratory 2plus Panel (bioMérieux, Marcy—l’Etoile, France), which has high sensitivity
and specificity (97.1% and 99.3%, according to the manufacturer’s data [16]) and includes
the following viruses and bacteria: adenovirus, coronavirus 229E, coronavirus HKU1,
coronavirus OC43, coronavirus NL63, Middle East respiratory syndrome coronavirus,
human metapneumovirus (hMPV), human rhinovirus/enterovirus (RV/EV), influenza
A, influenza A/H]1, influenza A/H1-2009, influenza A/H3, influenza B, parainfluenza
1, parainfluenza 2, parainfluenza 3, parainfluenza 4, RSV, Bordetella pertussis, Bordetella
parapertussis, Chlamydophila pneumoniae and Mycoplasma pneumoniae.

The results were reported to the attending physician on the same day the swabs were
collected. The interpretation of the PCR results was primarily guided by the treating
paediatrician’s usual practice and clinical judgement.
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2.4. Statistical Analysis

Quantitative variables are reported as the median and interquartile range (IQR),
and qualitative variables are listed as absolute and relative frequencies. We compared
the patients and controls and compared the patients according to the positive /negative
pathogen identification and probable causative agent (hMPV, influenza, parainfluenza,
RSV, Bordetella pertussis, Bordetella parapertussis, Chlamydophila pneumoniae and Mycoplasma
pneumoniae) or non-causative agent (RV/EV, coronaviruses, adenovirus). We also compared
the children who were administered antibiotics with those who were not. The quantitative
variables were compared using the Mann-Whitney U test, while the qualitative variables
were compared using Pearson’s chi-squared or Fisher’s exact test. A logistic regression
analysis was employed to examine the association between antibiotic prescription and
laboratory parameters. We considered as statistically significant those results with a
p-value < 0.05. Given the minimal amount of missing data in the dataset, no specific
methods for handling missing data were employed. The data were analysed using the
Statistical Package for the Social Sciences (SPSS) software (SPSS for Windows, version 25.0,
IBM SPSS Corp.; Armonk, NY, USA).

3. Results
3.1. Characteristics of the Patients and Controls

We included 64 patients and 50 matched controls with a median age of 26 months,
whose main characteristics are listed in Table 1. Blood cultures were performed for
49 patients and 28 controls, all of which were negative or contaminated (one in the patient
group and three in the control group). The patients had higher CRP levels, more frequently
showed consolidations in the chest X-rays and had longer hospital stays, despite being
matched by age and season.

Table 1. Characteristics of the patients and controls with suspected viral community-acquired
pneumonia. Data are median (interquartile range) unless otherwise indicated. Abbreviations: CRP,
C-reactive protein; ICU, intensive care unit. ? Defined as abnormal paediatric assessment triangle.
b Defined as peripheral arterial oxygen saturation < 92%.

Patients (1 = 64) Controls (1 = 50) r

Age, months 26 (18-43) 26 (15-50.5) 0.895
Female sex, 1 (%) 36 (56%) 24 (48%) 0.381
Prematurity, n (%) 12 (19%) 5 (10%) 0.193
Underlying medical conditions, n (%) 14 (22%) 10 (20%) 0.807
Clinical characteristics

Breathing difficulty, 1 (%) 62 (97%) 45 (90%) 0.237

Wheezing, 1 (%) 51 (80%) 38 (76%) 0.655

Appears unwell 2, 11 (%) 12 (19%) 4 (8%) 0.113

Hypoxaemia ?, 1 (%) 59 (92%) 42 (84%) 0.237
Laboratory results

Leukocyte count/mm3 10,310 (7700-13,828) 11,800 (8000-15,850) 0.642

Neutrophil count/mm? 6815 (4565-9858) 7397 (3603-11,755) 0.947

CRP (mg/L) 28.7 (13.5-72) 12.5 (4.7-23.6) <0.0001
Chest X-ray results

Infiltrates, 1 (%) 31 (48%) 35 (70%) 0.002

Focal consolidation, 1 (%) 32 (50%) 14 (28%) 0.0175

Pleural effusion, n (%) 1(1.6%) 1 (2%) 1
ICU admission, 1 (%) 7 (11%) 5 (10%) 1
Hospital stay, days 4 (3-6) 3(2-4.3) <0.0001
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3.2. Multiplex PCR Results

The FilmArray® Respiratory 2plus panel was positive in 55 patients (86%) (Figure 1).
In 17 cases (31% of those with positive mPCR), the test detected more than one pathogen:
seven cases with two pathogens, eight cases with three, and two cases with four. The most
commonly identified pathogens were RV/EV (n = 26) and hMPV (n = 22), followed by
adenovirus (n = 10), parainfluenza (n = 10), RSV (n = 6), coronavirus OC43 (n = 4) and
coronavirus HKU1 (n = 3). There was also one positive case each of influenza A, Bordetella
parapertussis and Mycoplasma pneumoniae.

The patients with RSV or influenza had tested negative for those viruses before hospital
admission. The most frequent coinfections were RV/EV and hMPV (in eight cases) and
adenovirus and hMPV (in five cases). In 21 cases (38% of those with positive viral detection),
the only pathogens identified were RV /EV, coronavirus OC43 or HKU1 or adenovirus.

26
15

22

[y
o

N
w
»
a

w

W Positive samples ™ Coinfections

Figure 1. Microbiological results of the children with positive mPCR (n = 55). Abbreviations: RSV,
respiratory syncytial virus.

3.3. Antibiotic Prescription

Antibiotics were prescribed to more than 80% of the children in both the patient and
control groups, with a median treatment duration of 7 days (IQR 2-8.5) for the patient
group and 6 days (IQR 3-8) for the control group (p = 0.764) (Table 2). At hospital discharge,
antibiotics were prescribed to 41% of the patients and 72% of the controls (p = 0.001).
Ampicillin was the most commonly prescribed antibiotic among the patients (44% vs. 18%
of the controls, p = 0.005), whereas azithromycin was the most common among the control
group (19% of the patients vs. 48% of the controls, p = 0.001).

When restricting the analysis to those patients in whom mPCR was performed, we
found no positive effect for the antibiotic use. Forty-six patients (84%) with at least one
pathogen detected in the respiratory panel were administered antibiotics, compared with
seven patients (78%) with negative results (p = 0.646). There were also no statistically
significant differences in antibiotic prescription for >72 h (55% for those with positive
results vs. 78%, p = 0.282), antibiotics at discharge (36% vs. 67%, p = 0.142) and the duration
of antibiotic therapy (median 6 days [IQR 2-8] vs. 8 days [IQR 5-10], p = 0.129). There were
also no differences when comparing the patients with the isolation of RV/EV, coronavirus
or adenovirus with those with other pathogens (Table 3).
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Table 2. Antibiotic prescription for the patients and controls with suspected viral community-acquired
pneumonia. Data are 1 (%) unless otherwise indicated.

Patients (n = 64) Controls (1 = 50) p

Any antibiotic treatment 53 (83%) 43 (86%) 0.643
Antibiotics > 72 h 37 (58%) 33 (66%) 0.373
Antibiotics after discharge 26 (41%) 36 (72%) 0.001
Total antibiotic duration, days; median (IQR) 7 (2-8.5) 6 (3-8) 0.764
Antibiotics

Ampicillin 28 (44%) 9 (18%) 0.004

Amoxicillin 20 (31%) 14 (28%) 0.707

Amoxicillin/clavulanate 13 (20%) 13 (26%) 0.473

Azithromycin 12 (19%) 24 (48%) 0.001

Cefotaxime or ceftriaxone 6 (9%) 1 (2%) 0.421

Table 3. Antibiotic prescription for the patients with suspected viral community-acquired pneumonia,
according to identified pathogens. Data are presented as median (interquartile range) unless otherwise
indicated. Abbreviations: ADV, adenovirus; CoV, coronavirus OC43 and HKU1, RV/EV, human
rhinovirus/enterovirus.

RV/EV, CoV, ADV (n =21) Other Pathogens (n = 34) p
Any antibiotic treatment, 1 (%) 18 (86%) 28 (82%) 1
Antibiotics > 72 h, 1 (%) 10 (48%) 20 (59%) 0.578
Antibiotics after discharge, 1 (%) 6 (29%) 14 (41%) 0.399
Total antibiotic duration 5.5 (1-8.25) 7 (2-8) 0.459
Hospital stay, days 5 (4-6.5) 4(2-7) 0.372

We analysed the effect of various factors on antibiotic prescription in the whole
cohort (patients and controls). In the bivariate analysis, the children with higher CRP
levels, leukocyte counts and neutrophil counts were more frequently prescribed antibiotics,
whereas there was no association between age or paediatric intensive care unit admission
and antibiotic use (Table 4).

Table 4. Comparison of age, laboratory parameters and ICU admission according to antibiotic
prescription. Data are median (interquartile range) unless otherwise indicated. Abbreviations: CRP,
C-reactive protein; ICU, intensive care unit.

Antibiotics (n = 96) No antibiotics (n = 18) p
Age, months 26.5 (17.3-48.8) 22 (9.5-42.3) 0.104
Leukocyte count/mm?3 11,730 (7850-15,910) 9515 (7072-10,730) 0.034
Neutrophil count/mm? 7425 (4515-11,755) 5920 (4296-7602) 0.067
CRP (mg/L) 23.9 (10.5-50.6) 12.3 (6.1-18.9) 0.005
ICU admission, # (%) 11 (12%) 1 (6%) 0.688

A logistic regression was performed to ascertain the effects of the laboratory parame-
ters on the likelihood that the children were prescribed antibiotics. Only increased CRP
levels were associated with a higher likelihood of antibiotic prescription (p = 0.041).
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4. Discussion

In this series of children admitted for suspected viral CAP, we detected at least one
respiratory virus in almost 90% of the children and coinfections in a third of them. Our hy-
pothesis was that the availability of mPCR would have an impact on antibiotic prescription,
given that it has been previously reported in children with acute respiratory infections [8].
However, although mPCR testing resulted in decreased antibiotic prescription at discharge,
it did not lead to a decrease in overall antibiotic use during hospitalization in our study.
Several factors might have contributed to this finding.

Prior studies conducted with paediatric inpatients have included children with vari-
ous acute respiratory infections, such as bronchiolitis [9-12,17], whereas we employed a
stringent definition of CAP. In bronchiolitis, several evidence-based guidelines that em-
phasize the avoidance of unnecessary treatments and investigations have been published,
leading to decreased antibiotic use among paediatric inpatients [18]. On the other hand,
the use of antibiotics in paediatric CAP is still higher than expected, and viral infections
probably account for a large proportion of prescriptions due to the limited accuracy of
biomarkers to distinguish between bacterial and viral infections and the limitations of
current microbiological tests to identify bacteria [1].

The impact of mPCR on children with lower respiratory tract infections might vary in
different settings. Studies conducted among ward and paediatric critical care patients have
shown a modest effect on antimicrobial prescriptions [19,20], whereas among emergency
department patients, mPCR is associated with a decrease in diagnostic investigations and
antibiotic prescriptions [21]. A number of studies have shown that the test turnaround time
could be an important factor influencing antibiotic prescription [22,23]. Although the results
were available on the same day the swabs were collected in our study, we allowed for mPCR
to be performed in the first 72 h after hospital admission, and most patients were already
taking antibiotics. A prospective cohort study of children hospitalized with suspected
CAP showed that antibiotics initiated in the emergency department were continued in the
inpatient setting in 90% of the children [24]. Therefore, for children who are going to be
hospitalized, mPCR testing could be optimized by using it as a point-of-care test, waiting
for its results before initiating antibiotic therapy. These patients are periodically reassessed;
in case of worsening and suspected mixed viral-bacterial infection, antibiotic therapy can
be promptly introduced.

Viral detection by molecular testing in an upper respiratory tract sample does not
rule out co-infection by bacteria [25]. Moreover, certain respiratory viruses (RV/EV, hu-
man coronaviruses, adenovirus) have frequently been detected in asymptomatic children,
and the identification of these viruses in patients with CAP should be interpreted with
caution [5,6]. In our series, the patients with infections caused by these viruses with no
other co-infection accounted for more than one third of those with positive viral detections.
In these cases, clinicians might be more reluctant to stop the antibiotic therapy. However,
hMPV and parainfluenza viruses are likely to be the cause of the disease in children with
acute respiratory infections [5] and accounted for more than half of the positive results
in our series. We experienced an unusual outbreak of hMPV infections in the fall of 2021,
with higher rates of pneumonia and antibiotic therapy than for those admitted during the
2005-2020 period [26]. In our series, hMPV was the second most common pathogen, and
the C-reactive protein levels were higher among the children who underwent mPCR testing
than those among the historical controls. Prior studies among paediatric inpatients have
shown that patients with hMPV infections are more likely to be administered antibiotics
than patients with other respiratory viruses [10,27].

CRP is one of the best biomarkers to differentiate between bacterial and viral pneu-
monia. A recent meta-analysis determined that 53 mg/L is the statistically optimal cut-off
based on the Youden index, but its sensitivity and specificity were suboptimal (approx-
imately 70% and 65%, respectively) [25]. In our cohort, the higher CRP results were
associated with a higher likelihood of antibiotic prescription, probably because clinicians
felt that they could not rule out a bacterial coinfection.
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Our study highlights the need for antimicrobial stewardship strategies for children
with CAP, as well as diagnostic tests to improve antibiotic prescription. It is important
to have guidelines and tools that help clinicians distinguish viral from bacterial pneumo-
nia [3] and to make appropriate treatment decisions, thereby helping to reduce unnecessary
antibiotic therapy for viral infections. Active antimicrobial stewardship could be another
important approach. Prior studies have shown a higher likelihood of antibiotic prescription
reduction in settings with active antimicrobial stewardship, a low likelihood of bacte-
rial infection, and short turnaround times. The use of mPCR as an isolated intervention
improves microbiological diagnosis but does not consistently decrease antimicrobial uti-
lization [28,29].

Although this study provides valuable insights, it has several limitations. The study
was conducted at a referral children’s hospital, and the findings might not be applicable
to other populations. The benefits of mPCR might vary in different settings according to
the standard clinical practices, physician attitudes, microbiological test availability, and
characteristics of the healthcare systems, among other factors. We were unable to analyse
the differences between pathogens owing to the small sample size. Our comparison with
historical controls lacked perfect alignment in terms of patient characteristics. Shifts in
population characteristics, viral pathogen circulation and healthcare utilization patterns
over time might also contribute to the variability in antibiotic-prescribing practices and
CAP management strategies. However, there were no major changes in the diagnostic tech-
niques and hospital protocols used during the study period, except during the COVID-19
pandemic, which caused significant changes in respiratory virus infections worldwide [30].

5. Conclusions

Our study showed no decrease in antibiotic prescription during the hospital stay of
children with suspected viral CAP. Several factors might have contributed to this finding,
including the high prevalence of hMPV infection and the need for better antimicrobial
stewardship strategies. Future studies should focus on methods able to optimize the use of
mPCR testing.

Author Contributions: Conceptualization, T.d.R. and C.C.; Methodology, T.d.R., P.B.-G. and C.C;
Software, T.d.R. and P.B.-G.; Formal Analysis, T.d.R., P.B.-G. and C.C.; Investigation, T.d.R., P.B.-G.,
LE-R, TS., EB.-A.,,PR.-M., AM.-E,, B.B.-Q.-d.-L., L.A.A. and C.C.; Data Curation, T.d.R. and P.B.-G.;
Writing—Original Draft Preparation, T.d.R.; Writing—Review and Editing, T.d.R., P.B.-G., LE-R,,
TS, EB.-A., PR.-M., AM.-E,, B.B.-Q.-d.-L., L.A.A. and C.C,; Visualization, T.d.R., P.B.-G., LE-R,, T.S.,
EB.-A., PR-M., AM.-E,, B.B.-Q.-d.-L., L.A.A. and C.C.; Funding Acquisition, T.d.R. All authors have
read and agreed to the published version of the manuscript.

Funding: This work was supported by a grant from the Spanish Association of Pediatrics awarded to
Teresa del Rosal (INVEST-AEP 2019). Paula Rodriguez Molino is funded by the Spanish Ministry
of Science and Innovation-Instituto de Salud Carlos III and Fondos FEDER (Contrato Rio Hortega
CM21/00174).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board of Hospital Universitario La
Paz (protocol code PI-3703; decision date, 12 June 2019).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the corre-
sponding author (containing information that could compromise the privacy of research participants).

Conflicts of Interest: The authors have no relevant financial or non-financial interests to disclose.

1.  Katz, S.E.; Williams, D.]J. Pediatric Community-Acquired Pneumonia in the United States: Changing Epidemiology, Diagnostic
and Therapeutic Challenges, and Areas for Future Research. Infect. Dis. Clin. N. Am. 2018, 32, 47-63. [CrossRef]
2. Ruuskanen, O.; Lahti, E.; Jennings, L.C.; Murdoch, D.R. Viral pneumonia. Lancet 2011, 377, 1264. [CrossRef]


https://doi.org/10.1016/j.idc.2017.11.002
https://doi.org/10.1016/S0140-6736(10)61459-6

Children 2024, 11, 245 90f 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Rankin, D.A,; Peetluk, L.S.; Deppen, S.; Slaughter, J.C.; Katz, S.; Halasa, N.B.; Khankari, N.K. Diagnostic models predicting
paediatric viral acute respiratory infections: A systematic review. BM] Open 2023, 13, e067878. [CrossRef]

Yun, KW.; Wallihan, R.; Juergensen, A.; Mejias, A.; Ramilo, O. Community-Acquired Pneumonia in Children: Myths and Facts.
Am. |. Perinatol. 2019, 36, S54-S57. [CrossRef]

Rhedin, S.; Lindstrand, A.; Rotzén-Ostlund, M.; Tolfvenstam, T.; Ohrmalm, L.; Rinder, M.R.; Zweygberg-Wirgart, B.; Ortqvist, A.;
Henriques-Normark, B.; Broliden, K.; et al. Clinical utility of PCR for common viruses in acute respiratory illness. Pediatrics 2014,
133, e538-e545. [CrossRef]

van Gageldonk-Lafeber, A.B.; Heijnen, M.-L.A.; Bartelds, A.ILM.; Peters, M.F,; van der Plas, S.M.; Wilbrink, B. A case-control study
of acute respiratory tract infection in general practice patients in The Netherlands. Clin. Infect. Dis. 2005, 41, 490-497. [CrossRef]
Esposito, S.; Argentiero, A.; Rebecchi, F; Fainardi, V.; Pisi, G.; Principi, N. The remaining unsolved problems for rational antibiotic
therapy use in pediatric community-acquired pneumonia. Expert Opin. Pharmacother. 2022, 23, 497-505. [CrossRef] [PubMed]
Brigadoi, G.; Gastaldi, A.; Moi, M.; Barbieri, E.; Rossin, S.; Biffi, A.; Cantarutti, A.; Giaquinto, C.; Da Dalt, L.; Dona, D. Point-
of-Care and Rapid Tests for the Etiological Diagnosis of Respiratory Tract Infections in Children: A Systematic Review and
Meta-Analysis. Antibiotics 2022, 11, 1192. [CrossRef] [PubMed]

Shen, N.; Zhou, Y.; Zhou, Y.; Luo, L.; Chen, W.; Wang, J.; Zhao, R.; Xie, L.; Cao, Q.; Tao, Y.; et al. Evaluation of Molecular
Point-of-Care Testing for Respiratory Pathogens in Children With Respiratory Infections: A Retrospective Case-Control Study.
Front. Cell. Infect. Microbiol. 2021, 11, 778808. [CrossRef]

Goriacko, P; Saiman, L.; Zachariah, P. Antibiotic Use in Hospitalized Children With Respiratory Viruses Detected by Multiplex
Polymerase Chain Reaction. Pediatr. Infect. Dis. |. 2018, 37, 443-446. [CrossRef] [PubMed]

Subramony, A.; Zachariah, P.; Krones, A.; Whittier, S.; Saiman, L. Impact of Multiplex Polymerase Chain Reaction Testing for
Respiratory Pathogens on Healthcare Resource Utilization for Pediatric Inpatients. J. Pediatr. 2016, 173, 196-201.e2. [CrossRef]
[PubMed]

Kitano, T.; Nishikawa, H.; Suzuki, R.; Onaka, M.; Nishiyama, A.; Kitagawa, D.; Oka, M.; Masuo, K.; Yoshida, S. The impact
analysis of a multiplex PCR respiratory panel for hospitalized pediatric respiratory infections in Japan. J. Infect. Chemother. 2020,
26, 82-85. [CrossRef] [PubMed]

Rodrigues, A.T.; Nunes, J.C.E; Estrela, M.; Figueiras, A.; Roque, F; Herdeiro, M.T. Comparing Hospital and Primary Care
Physicians’ Attitudes and Knowledge Regarding Antibiotic Prescribing: A Survey within the Centre Region of Portugal.
Antibiotics 2021, 10, 629. [CrossRef]

Vazquez-Lago, ] M.; Lopez-Vazquez, P; Lopez-Duran, A.; Taracido-Trunk, M.; Figueiras, A. Attitudes of primary care physicians
to the prescribing of antibiotics and antimicrobial resistance: A qualitative study from Spain. Fam. Pract. 2012, 29, 352-360.
[CrossRef] [PubMed]

Méndez-Echevarria, A.; Garcia de Miguel, M.].; Baquero-Artigao, F.; del Castillo Marti, F. Neumonia comunitaria. In Protocolos
Diagndstico-Terapeiiticos de Infectologia Pedidtrica; Sociedad Espafiola de Infectologia Pedidtrica-Asociacion Espafiola de Pediatria:
Madrid, Spain, 2008.

Leber, A.L,; Everhart, K.; Daly, J.A.; Hopper, A.; Harrington, A.; Schreckenberger, P.; McKinley, K.; Jones, M.; Holmberg, K,;
Kensinger, B. Multicenter Evaluation of BioFire FilmArray Respiratory Panel 2 for Detection of Viruses and Bacteria in Nasopha-
ryngeal Swab Samples. |. Clin. Microbiol. 2018, 56, e01945-17. [CrossRef]

Kim, YK, Lee, ].H.; Kim, S.Y,; Ahn, J.Y.; Choi, KH,; Lee, Y.H.; Jang, KM.; Hau, Y.S; Lee, ]. M. Rapid Molecular Tests for Detecting
Respiratory Pathogens Reduced the Use of Antibiotics in Children. Antibiotics 2021, 10, 283. [CrossRef]

House, S.A.; Marin, J.R.; Hall, M.; Ralston, S.L. Trends Over Time in Use of Nonrecommended Tests and Treatments Since
Publication of the American Academy of Pediatrics Bronchiolitis Guideline. JAMA Netw. Open 2021, 4, e2037356. [CrossRef]
Walls, T.; Stark, E.; Pattemore, P.; Jennings, L. Missed opportunities for antimicrobial stewardship in pre-school children admitted
to hospital with lower respiratory tract infection. J. Paediatr. Child Health 2017, 53, 569-571. [CrossRef]

Brotons, P.; Villaronga, M.; Henares, D.; Armero, G.; Launes, C.; Jordan, I.; Mufoz-Almagro, C. Clinical impact of rapid viral
respiratory panel testing on pediatric critical care of patients with acute lower respiratory infection. Enferm. Infecc. Microbiol. Clin.
(Engl. Ed.) 2022, 40, 53-58. [CrossRef]

Echavarria, M.; Marcone, D.N.; Querci, M.; Seoane, A.; Ypas, M.; Videla, C.; O’Farrell, C.; Vidaurreta, S.; Ekstrom, J.; Carballal, G.
Clinical impact of rapid molecular detection of respiratory pathogens in patients with acute respiratory infection. J. Clin. Virol.
2018, 108, 90-95. [CrossRef]

Lee, B.R,; Hassan, F; Jackson, M.A.; Selvarangan, R. Impact of multiplex molecular assay turn-around-time on antibiotic
utilization and clinical management of hospitalized children with acute respiratory tract infections. J. Clin. Virol. 2019, 110, 11-16.
[CrossRef] [PubMed]

Schram, L.; Novak-Weekley, S.; Chen, Q.; Han, P. Impact of a Rapid Respiratory Pathogen Panel on Antibiotic and Chest
Radiography Usage and Hospital Length of Stay in the Pediatric Inpatient Setting. Perm. J. 2022, 26, 83-89. [CrossRef] [PubMed]
Cotter, ].M.; Florin, T.A.; Moss, A.; Suresh, K.; Ramgopal, S.; Navanandan, N.; Shah, S.S.; Ruddy, R M.; Ambroggio, L. Factors
Associated With Antibiotic Use for Children Hospitalized With Pneumonia. Pediatrics 2022, 150, €2021054677. [CrossRef] [PubMed]
Gunaratnam, L.C.; Robinson, J.L.; Hawkes, M.T. Systematic Review and Meta-Analysis of Diagnostic Biomarkers for Pediatric
Pneumonia. . Pediatr. Infect. Dis. Soc. 2021, 10, 891-900. [CrossRef] [PubMed]


https://doi.org/10.1136/bmjopen-2022-067878
https://doi.org/10.1055/s-0039-1691801
https://doi.org/10.1542/peds.2013-3042
https://doi.org/10.1086/431982
https://doi.org/10.1080/14656566.2022.2028773
https://www.ncbi.nlm.nih.gov/pubmed/35094614
https://doi.org/10.3390/antibiotics11091192
https://www.ncbi.nlm.nih.gov/pubmed/36139971
https://doi.org/10.3389/fcimb.2021.778808
https://doi.org/10.1097/INF.0000000000001775
https://www.ncbi.nlm.nih.gov/pubmed/28877158
https://doi.org/10.1016/j.jpeds.2016.02.050
https://www.ncbi.nlm.nih.gov/pubmed/27039227
https://doi.org/10.1016/j.jiac.2019.07.014
https://www.ncbi.nlm.nih.gov/pubmed/31383498
https://doi.org/10.3390/antibiotics10060629
https://doi.org/10.1093/fampra/cmr084
https://www.ncbi.nlm.nih.gov/pubmed/22016323
https://doi.org/10.1128/JCM.01945-17
https://doi.org/10.3390/antibiotics10030283
https://doi.org/10.1001/jamanetworkopen.2020.37356
https://doi.org/10.1111/jpc.13506
https://doi.org/10.1016/j.eimc.2020.08.017
https://doi.org/10.1016/j.jcv.2018.09.009
https://doi.org/10.1016/j.jcv.2018.11.006
https://www.ncbi.nlm.nih.gov/pubmed/30502640
https://doi.org/10.7812/TPP/21.131
https://www.ncbi.nlm.nih.gov/pubmed/36001386
https://doi.org/10.1542/peds.2021-054677
https://www.ncbi.nlm.nih.gov/pubmed/35775330
https://doi.org/10.1093/jpids/piab043
https://www.ncbi.nlm.nih.gov/pubmed/34213563

Children 2024, 11, 245 10 of 10

26.

27.

28.

29.

30.

Garcia-Garcia, M.L.; Pérez-Arenas, E.; Pérez-Hernandez, P.; Falces-Romero, I.; Ruiz, S.; Pozo, F.; Casas, 1.; Calvo, C. Human
Metapneumovirus Infections during COVID-19 Pandemic, Spain. Emerg. Infect. Dis. 2023, 29, 850-852. [CrossRef] [PubMed]
Schreiner, D.; Groendahl, B.; Puppe, W.; Off, HN.T.; Poplawska, K.; Knuf, M.; Meyer, C.U.; Reischl, A.T.; Gehring, S. High
antibiotic prescription rates in hospitalized children with human metapneumovirus infection in comparison to RSV infection
emphasize the value of point-of-care diagnostics. Infection 2019, 47, 201-207. [CrossRef] [PubMed]

Wils, J.; Saegeman, V.; Schuermans, A. Impact of multiplexed respiratory viral panels on infection control measures and
antimicrobial stewardship: A review of the literature. Eur. J. Clin. Microbiol. Infect. Dis. 2022, 41, 187-202. [CrossRef]

Rader, T.S.; Stevens, M.P.; Bearman, G. Syndromic Multiplex Polymerase Chain Reaction (mPCR) Testing and Antimicrobial
Stewardship: Current Practice and Future Directions. Curr. Infect. Dis. Rep. 2021, 23, 5. [CrossRef]

Chow, E.J.; Uyeki, TM.; Chu, H.Y. The effects of the COVID-19 pandemic on community respiratory virus activity. Nat. Rev.
Microbiol. 2023, 21, 195-210. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3201/eid2904.230046
https://www.ncbi.nlm.nih.gov/pubmed/36878013
https://doi.org/10.1007/s15010-018-1194-5
https://www.ncbi.nlm.nih.gov/pubmed/30132249
https://doi.org/10.1007/s10096-021-04375-3
https://doi.org/10.1007/s11908-021-00748-z
https://doi.org/10.1038/s41579-022-00807-9

	Introduction 
	Patients and Methods 
	Study Design 
	Definitions and Inclusion/Exclusion Criteria 
	Microbiological Analysis 
	Statistical Analysis 

	Results 
	Characteristics of the Patients and Controls 
	Multiplex PCR Results 
	Antibiotic Prescription 

	Discussion 
	Conclusions 
	References

