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Abstract

Background:
Severe community-acquired pneumonia (sCAP) is a major cause of morbidity and mortality in children.
We assessed the impact of incorporating the BioFire FilmArray Pneumonia Panel (BFPP) into an
established antimicrobial stewardship program (ASP) on antimicrobial prescriptions in children with
sCAP admitted to the pediatric intensive care unit (PICU).

Methods:
We conducted a retrospective observational study before and after the study in children with sCAP in the
PICU. Controls were enrolled before ASP and BFPP implementation, whereas cases were enrolled after
their implementation. The primary outcomes of empirical antibiotic therapy include escalation and de-
escalation, the antimicrobial spectrum index (ASI), and the mean length of stay (mLOS).

Results:
We included 254 children with sCAP (n = 131 controls and n = 123 cases). Following ASP
implementation, the proportion of patients who did not receive empiric antibiotics increased from 12.2%
to 26.8%. However, the percentage of patients prescribed clarithromycin decreased from 70.4% to 4.4%.
After BFPP implementation, empiric antibiotic therapy remained unchanged in 69 of 123 children (56.1%)
and was modified in 54 (43.9%), including antibiotic initiation in 29 (23.6%), the use of broader-spectrum
antibiotics or the addition of one or more agents in 11 (8.9%), and de-escalation in 14 (11.4%). The mean
ASI decreased from 8.7 to 6.4 after ASP initiation, with a minimal change to 6.6 following BFPP
integration. The mLOS was 4.36 days in the controls versus 4.86 days in the cases. The most common
pathogens detected were H. influenzae, S. pneumoniae, M. catarrhalis, S. aureus, rhinovirus/enterovirus,
adenovirus, parainfluenza virus, and respiratory syncytial virus.

Conclusions:
BFPP extends antimicrobial stewardship beyond de-escalation by supporting appropriate empiric
therapy and preserving reductions in the antimicrobial spectrum without adversely affecting clinical
outcomes.

INTRODUCTION
Community-acquired pneumonia (CAP) remains a major cause of pediatric hospitalization and mortality
worldwide, particularly among children younger than 5 years (1). In 2019, CAP accounted for an
estimated 740,000 deaths among children under five years of age (2). Although identifying the etiology
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of pediatric CAP for definitive therapy remains clinically challenging, advances in conventional
microbiology and molecular diagnostics have enhanced pathogen identification, particularly for
respiratory viruses—such as respiratory syncytial virus, rhinovirus, and influenza A/B—as well as
fastidious bacterial pathogens, including Haemophilus influenzae and Streptococcus pneumoniae (3–5).
Currently, several rapid multiplex real-time polymerase chain reaction (PCR) assays cleared by the U.S.
Food and Drug Administration (FDA) enable the simultaneous detection of viral and bacterial respiratory
pathogens—including clinically relevant antimicrobial resistance determinants—from upper and lower
respiratory samples within approximately one hour. This improves timely targeted therapy and
antimicrobial stewardship programs (ASPs) (6). Among these assays, the BioFire FilmArray Pneumonia
Panel (BFPP) identifies 27 clinically relevant pathogens (n = 15 typical bacteria, n = 3 atypical bacteria,
and n = 8 viruses) along with seven antibiotic resistance genes from upper and lower respiratory
samples with results available within approximately one hour (7).

ASP is a key strategy for optimizing antimicrobial use and improving clinical outcomes in pediatric
populations, primarily through core interventions such as standardized clinical pathways and prospective
audits with feedback (8). While ASPs consistently reduce antimicrobial consumption in general pediatric
wards (9), their implementation in pediatric intensive care units (PICUs) remains heterogeneous, with
substantial variation in antimicrobial stewardship interventions, outcome measures, and evaluation
metrics used, limiting robust evaluations of their effectiveness (10). Considering that the BFPP has
shown promising results in optimizing CAP management (11), evidence regarding its integration into
ASPs for children with sCAP in the PICU has not been systematically evaluated.

We evaluated the impact of integrating the BFPP into an established PICU ASP on antibiotic prescription,
the antimicrobial spectrum index (ASI), and the mean length of stay (MLOS) in children with sCAP.

METHODS

Study design and population
We conducted an observational, retrospective, case–control study in a 400-bed public hospital in Quito,
Ecuador. This study enrolled children aged 1 month to 18 years admitted to the PICU for sCAP
management. Diagnosis was established on the basis of clinical criteria, including fever, tachypnea,
tachycardia, hypoxemia, mechanical ventilation requirement, and signs of poor peripheral perfusion.
Children admitted in 2019, before ASP implementation, served as the control group. In contrast, the case
group included children admitted in 2023, after the ASP was established and the BFPP became
available. We selected patients from 2019 and 2023 to minimize bias related to the increased incidence
of sCAP during the COVID-19 pandemic. Patients with pleural effusion were excluded.

Antimicrobial Stewardship Program and Molecular Testing
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ASP activities based on institutional sCAP guidelines were integrated into the PICU, and the principal
activities included prospective audits and feedback of empirical or definitive antibiotic prescriptions.
These activities were subsequently complemented by the introduction of BFPP testing, which was
performed on induced sputum or tracheal aspirate samples collected at admission and processed 24/7
in the microbiology laboratory. The laboratory technicians received specific training to rapidly process
and report samples within two hours of receipt, whereas the PICU physicians were trained in the
interpretation of BFPP findings.

The BFPP detects 23 pathogens, including eight viruses (adenovirus, coronavirus, human
metapneumovirus, human rhinovirus, influenza A, influenza B, parainfluenza virus, and respiratory
syncytial virus (RSV), 15 bacteria (Acinetobacter calcoaceticus baumannii complex, Enterobacter cloacae
complex, Escherichia coli, Haemophilus influenzae, Klebsiella aerogenes, Klebsiella oxytoca, Klebsiella
pneumoniae group, Moraxella catarrhalis, Proteus spp., Pseudomonas aeruginosa, Serratia marcescens, S.
aureus, Streptococcus agalactiae, S. pneumoniae, and Streptococcus pyogenes), three atypical bacteria,
Chlamydia pneumoniae, Legionella pneumophila, and Mycoplasma pneumoniae), and seven antibiotic
resistance genes (blaCTX−M, blaIMP, blaKPC, blaNDM, blaOXA−48−LIKE, blaVIM, and mecA/C-MREJ).

Data collection and metrics
All study variables were extracted from medical records. The primary outcomes included empiric
antibiotic therapy prescribed at PICU admission in both the case and control groups. Among the children
in the case group, targeted antibiotic therapy was also evaluated and defined as the regimen prescribed
12 hours after the BFPP results became available. Changes in therapy were categorized as follows: (a)
de-escalation, defined as switching to a narrower-spectrum antimicrobial regimen or discontinuing
antimicrobial therapy when clinically appropriate; (b) escalation, defined as broadening the antimicrobial
spectrum, adding one or more antimicrobial agents, or initiating a new antimicrobial regimen; or c) no
change (12).

The antibiotic spectrum index (ASI) developed by Gerber et al. was used to quantify the antimicrobial
spectrum, assigning weighted scores (numeric values) to antimicrobial agents according to their
spectrum against different pathogens (13). In both groups, the mean ASI values were calculated for
empirical antibiotic therapy initiated at PICU admission. In the case group, the ASI values were
recalculated for targeted antibiotic therapy prescribed 12 hours after the BFPP results became available
in the medical records. The secondary variables included length of hospital stay (LOS) and patient
characteristics, including age, sex, comorbidities, and microorganisms detected by the BFPP.

Statistical analyses were performed via Microsoft Excel. Continuous variables are presented as the
means or medians (interquartile ranges), as appropriate, whereas categorical variables are summarized
as frequencies and percentages. The LOS in the PICU between the case and control groups was
determined via the Mann‒Whitney U test.
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The ASI was analyzed as a continuous outcome. Multivariable linear regression models were used to
evaluate the independent associations between the integration of BFPP into an ASP and ASI after
adjustment for age, sex, and LOS. The results are presented as β coefficients with 95% confidence
intervals (CIs) for linear regression. A two-sided p value < 0.05 was considered statistically significant.

RESULTS
A total of 254 children with sCAP were included (controls, n = 131; cases, n = 123), with a mean age of
approximately three years in both groups. The mean LOS in the PICU was 4.36 days for controls and 4.86
days for cases (Mann–Whitney U test; U = 6064.5, p = 0.00068). The overall mortality rate was 2.29% in
the control group and 1.63% in the case group (p = 0.57), as shown in Table 1.

Table 1
Demographics of the studied population. A total of 254 patients were included in the

analysis, with 131 controls and 123 cases. Patients were categorized according to gender
and age. Sd: standard deviation.

Gender   Control 2019 n = 131 (%) Cases 2023 n = 123 (%)

Female 63 (48.092) 65 (52.846)

  Male 68 (51.908) 58 (47.154)

Age (years) Under 1 47 (35.878) 21 (17.073)

  1 to 5 55 (41.985) 77 (62.602)

  5 to 10 23 (17.557) 20 (16.260)

  10 to 18 6 (4.580) 5 (4.065)

  Average age 3.001 (sd: 3.436) 3.548 (sd: 3.152)

Other pathologies   46 (35.115) 15 (12.195)

Stay in ICU (Days)   4.366 (sd: 3.959)** 4.862 (sd: 2.962)*

Mortality   3 (2.290) 2 (1.626)**

* p = 0.00068.

**p = 0.57

BFPP detected at least one pathogen (virus or bacteria) in 122/123 (99.2%) samples. The most
frequently detected bacteria were H. influenzae (n = 87, 70.7%), S. pneumoniae (n = 66, 53.8%), M.
catarrhalis (n = 46, 37.3%), and S. aureus (n = 45, 36.5%). Among the viral pathogens, human
rhinovirus/enterovirus was the most prevalent (n = 90, 73.1%), followed by adenovirus (n = 45, 36.5%),
parainfluenza virus (n = 35, 28.4%), and RSV (n = 30, 24.3%). The mecA/C-MREJ resistance determinant
was identified in 13/45 S. aureus-positive samples (28.9%). Table 2.
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Table 2
Microorganisms and antibiotic resistance genes detected by Biofire FilmArray

Pneumonia Panel (BFPP). The most common pathogens detected were H.
influenzae, S. pneumoniae, M. catarrhalis, S. aureus, human rhinovirus-enterovirus,

and adenovirus in induced sputum samples from children with sCAP.
Microorganism or antibiotic resistance gene detected Number percentaje

Haemophilus influenzae 87 70.731

Streptococcus pneumoniae 66 53.658

Moraxella catarrhalis 46 37.398

Staphylococcus aureus 45 36.583

Escherichia coli 4 3.252

Klebsiella pneumoniae 4 3.252

Klebsiella oxytoca 2 1.626

Enterobacter cloacae complex 1 0.813

Acinetobacter calcoaceticus-baumannii 1 0.813

Atypical bacteria n %

Chlamydia pneumoniae 1 0.813

Viruses n %

Human rhinovirus - enterovirus 90 73.170

Adenovirus 45 36.585

Parainfluenza virus 35 28.455

Respiratory syncytial virus 30 24.390

Influenza A 21 17.073

Human metapneumovirus 14 11.382

Coronavirus 12 9.756

Influenza B 1 0.813

Resistance genes n %

*mecA/C and MREJ 13 10.569

** blaCTX−M 4 3.252

Not detected 1 0.813

  1 0
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Coi

nfections were present in 118 of 123 samples (95.9%), predominantly involving virus–bacterium
combinations. The most frequent coinfections were human rhinovirus/enterovirus with H. influenzae, S.
pneumoniae, M. catarrhalis, or S. aureus. Adenovirus, RSV, and parainfluenza virus were detected in a
smaller subset of samples. Among the bacterial–bacterial coinfections, H. influenzae in combination
with S. pneumoniae was the most prevalent combination (n = 44/87, 50.6%), followed by M. catarrhalis in
combination with S. pneumoniae or S. aureus. Table 3.

Table 3
Coinfections detected by the BioFire FilmArray Pneumonia Panel (BFPP). Bacterial–viral coinfections
are presented in a correlogram illustrating the frequency and percentage of each microbial association.

*Percentages are calculated based on the total number of samples in each column.
Haemophilus
influenzae

Haemophilus
influenzae

n = 87 (%)

Streptococcus
pneumoniae n = 66
(%)

Moraxella
catarrhalis n = 
46 (%)

Staphylococcus
aureus

n = 45 (%)

- - - -

Streptococcus
pneumoniae

44 (50.5) - - -

Moraxella
catarrhalis

32 (36.7) 29 (43.9) - -

Staphylococcus
aureus

32 (36.7) 28 (42.4) 20 (43.4) -

Human rinovirus-
enterovirus

68 (78.1) 48 (72.7) 33 (71.7) 36 (80)

Adenovirus 39 (44.8) 25 (37.8) 20 (43.478) 15 (33.3)

Parainfluenza 20 (22.9) 19 (28.7) 18 (39.1) 12 (26.6)

Respiratory
syncytial virus

19 (21.8) 21 (31.8) 15 (32.6) 9 (20)

ASP intervention resulted in a greater proportion of patients without empiric antibiotic therapy (n = 
33/123; 26.8%) than did the control (n = 16/131; 12.2%), representing an absolute difference of 14.6
percentage points. Among the 115/131 (87.8%) control patients receiving empiric antibiotic
prescriptions, 81/115 (70.4%) included clarithromycin, either as monotherapy or in combination with
ceftriaxone or ampicillin–sulbactam. In contrast, ASP activities markedly reduced the number of
clarithromycin prescriptions to 4/90 (4.4%) children, with a corresponding increase in the use of
ampicillin–sulbactam (43/90, 47.7%) and ceftriaxone (n = 27/90, 30%) as monotherapies.

Following the BFPP implementation, empirical antibiotic regimens were modified in 54 children (43.9%):
antibiotic therapy was initiated in 29 (23.6%), broader-spectrum antibiotics or the addition of one or more
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antibiotics was used in 11 (8.9%), and de-escalation was used in 14 (11.4%) children. In contrast,
empirical antimicrobial regimens remained unchanged in 69 children (56.1%) (Fig. 1; Table 4).

Table 4
Antibiotic prescription based on Biofire FilmArray Pneumonia Panel (BFPP) results. De-

escalation was defined as a switch to narrower-spectrum therapy or treatment discontinuation,
while escalation was defined as broadening of antimicrobial coverage, addition of one or more

agents, or initiation of antimicrobial therapy.
Antibiotic prescriptions after BFPP results Number (%)

No change 69 (56.1)**

Change

De-escalation 14 (11.4)*

Escalation  

Use of broader-spectrum antibiotic or the addition of one or more antibiotics 11 (8.9)

Initiation of antimicrobial therapy. 29 (23.6)

Total 123 (100)

*Antibiotics were discontinued in one patient

** Antibiotic therapy was not initiated in four patients.

ASP implementation reduced the ASI from 8.7 in the control group to 6.4 in the case group (P < 0.001).
After adjustment for age, sex, and length of stay, ASP implementation was independently associated
with a 2.71-point reduction in ASI compared with the control group (95% CI, − 3.46– −1.96; p < 0.001).
Interestingly, therapeutic decision-making on the basis of the BFPP results did not influence the ASI
value, which remained at 6.6 (Fig. 2).

DISCUSSION
Our study provides real-world evidence that the clinical utility of BFPP extends beyond antibiotic de-
escalation. When incorporated into an established PICU ASP, the BFPP optimized empiric antibiotic
prescribing by confirming guideline-concordant empiric therapy and enabling prompt treatment
optimization. These prescribing decisions were associated with the sustained use of narrower-spectrum
antimicrobial regimens, reflected by a reduced ASI. To our knowledge, this is the first study to report ASI
values before and after the integration of rapid molecular pneumonia diagnostics into an ASP, providing
preliminary reference data for future stewardship studies in pediatric sCAP.

Our findings highlight three clinically relevant scenarios. First, accumulating evidence suggests that ASP
in the PICU reduces the prescription of beta-lactam, glycopeptide, and aminoglycoside antibiotics
without compromising clinical outcomes (14, 15). Similarly, in children with sCAP, a previous study
reported that ASP implementation was associated with reduced use of cephalosporins, carbapenems,
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macrolides, antifungal agents, and linezolid (16). Consistent with these findings, in our cohort, ASP
implementation was associated with reduced prescribing of clarithromycin, either as monotherapy or in
combination with other antibiotics, while increasing the use of beta-lactam monotherapy. These
prescribing patterns were consistent with the low prevalence of atypical bacterial pathogens detected by
BFPP. Moreover, before ASP implementation, the mean ASI was 8.7, reflecting the routine use of broader-
spectrum empiric regimens in the absence of a structured ASP. Following ASP implementation, the mean
ASI decreased to 6.4, which is consistent with adherence to guidelines for empiric antibiotic therapy
involving the use of narrower-spectrum antibiotics.

Second, our findings should be interpreted in the context of a recent randomized clinical trial by Chen et
al., who assessed the proportion of hospitalized children with infectious pneumonia who experienced
any antibiotic change within 72 hours. Compared with standard care alone, the addition of BFPP to
standard care did not significantly increase this outcome (51.6% vs. 49.4%). However, secondary
outcomes included greater pathogen-directed antimicrobial modifications and antibiotic de-escalation
(17). In our cohort, following the introduction of the BFPP into an established ASP for critically ill children
with sCAP hospitalized in the PICU, empiric antibiotic therapy, including the initiation of antibiotic
therapy, escalation, and de-escalation, was modified for 43.9% of the children. Notably, empirical
antibiotic therapy was maintained in 56.1% of the children. Given that the ASP already promoted
narrower-spectrum empiric therapy guideline-concordant, the provision of rapid microbiological results
from the BFPP may have enabled timely confirmation that the initial regimen remained appropriate,
thereby supporting continuation rather than prompting unnecessary change (escalation). This
interpretation is supported by the mean ASI, which showed a minimal increase from 6.4 to 6.6 after
BFPP integration. Thus, the addition of BFPP did not reverse the reduction in the antimicrobial spectrum
achieved by the ASP but rather maintained a relatively narrow-spectrum prescribing strategy. These
findings suggest that the stewardship value of BFPP may extend beyond antibiotic modification alone
(escalation or de-escalation); its clinical utility may also lie in informing appropriate continuation of
empiric therapy according to the microbiological and clinical context in children with sCAP in the PICU.

Third, although the diagnosis of CAP relies on a combination of clinical, radiological, and microbiological
findings, pathogen identification remains essential for guiding targeted antibiotic therapy. However, the
clinical utility of conventional microbiological tests is limited by their diagnostic performance and
prolonged turnaround times, which delay therapeutic decision-making. For example, serological assays
for atypical bacteria (e.g., Mycoplasma spp.) require either high antibody titers or a significant increase
between paired acute and convalescent sera, limiting their value for early clinical management (18, 19).
Likewise, pneumococcal urinary antigen testing remains controversial because of its limited specificity
(often below 70%), particularly in children with high rates of nasopharyngeal colonization by S.
pneumoniae, resulting in a high frequency of false-positive results (20). Furthermore, although blood
cultures have long been recommended for the recovery of pathogens in CAP, their clinical utility is limited
by their low diagnostic yield (approximately 5.14%). Together with the risk of false-positive results and
prolonged turnaround times, which are typically 3–5 days for bacterial identification and antimicrobial
susceptibility testing, their usefulness for guiding antimicrobial therapy is limited (21). Similarly,
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inflammatory biomarkers such as C-reactive protein and procalcitonin have modest diagnostic accuracy
for distinguishing bacterial from viral CAP in children (22), highlighting the need for improved diagnostic
strategies.

The BFPP integrates a rapid turnaround time (approximately 2 hours), a fully automated multiplex
platform, and excellent diagnostic performance (sensitivity and specificity > 94%). Its high discriminatory
capacity between infected and non-infected samples is supported by a pooled log diagnostic odds ratio
of 6.35 (23, 24). Consequently, its integration into ASP is recommended to accelerate pathogen
identification and facilitate the timely transition from empirical to targeted therapy. In our study, BFPP
predominantly identified common respiratory pathogens, such as S. pneumoniae, H. influenzae, M.
catarrhalis, S. aureus, human rhinovirus/enterovirus, adenovirus, and parainfluenza virus, which
accounted for 92% of all positive detections in children with sCAP. Conversely, atypical pathogens are
uncommon, with only a single detection of C. pneumoniae. This contrasts with previous studies reporting
a prevalence of 3.6% for M. pneumoniae and 2.7% for C. pneumoniae (25). Although this low yield may
suggest a limited role for atypical pathogens in sCAP within our setting, it should be interpreted with
caution given potential variations in local epidemiology, study populations, diagnostic methods, and prior
macrolide exposure (26). Finally, co-detection occurred in 89% of the children. Previous studies have
proposed that viral–bacterial coinfections carry a worse prognosis than either single viral infections or
viral coinfections do, leading to higher white blood cell counts, radiographic consolidation,
parapneumonic effusions, a greater need for pediatric intensive care and mechanical ventilation, and an
extended length of stay (27), providing a potential tool for decision-making and prognosis.

Our findings must be interpreted in light of several limitations; although a statistically significant
difference in LOS was observed between cases and controls (4.4 vs. 4.8), LOS in critical care settings is
influenced by multiple clinical and organizational factors. Furthermore, the relatively small sample size
(n = 254) and the single-center design, despite being conducted in a tertiary 400-bed hospital, limit the
external validity of our findings. Nevertheless, to our knowledge, comparable studies have not previously
been conducted; therefore, our results may provide a preliminary framework for future multicenter
investigations.

CONCLUSIONS
The implementation of BFPP in combination with an ASP was associated with improved antibiotic
prescription in children with sCAP. In our cohort, the most frequently detected pathogens were H.
influenzae, S. pneumoniae, and viral–bacterial coinfections. The ASP strategy, which prioritized the
thoughtful use of macrolides and promoted early pathogen identification, facilitated appropriate
therapeutic decisions, including targeted escalation or maintenance of therapy when indicated.
Furthermore, the identification of an ASI value of 6.6 represents a relevant benchmark for future studies
evaluating the antibiotic spectrum as an early indicator of disease severity in PICUs operating under ASP
strategies.
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Figures

Figure 1

Antibiotic treatment prescribed during the study

For 2019, antibiotic treatment included antibiotics prescribed 24 hours after the patient entered the
pediatric intensive care unit (PICU, purple). For 2023, the bars represent antibiotics prescribed 12 hours
after the Biofire FilmArray Pneumonia Panel (BFPP) result (green).

Page 15/16



Figure 2

The antibiotic spectrum index (ASI) was calculated for cases and controls.

Comparison of average ASI values ​​for controls (2019) and cases (2023). For 2023, the ASI was
compared before (light green) and after (green) the implementation of the Biofire FilmArray Pneumonia
Panel (BFPP).

*The value of 6.3 is the ASI calculated according to Gerber et al. (2017) for community-acquired
pneumonia (CAP).
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