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"Effect of using BioFire® FilmArray® in an Antibiotic Stewardship Program: A meta-analytical study from a high-care hospital in North India."

Abstract: 
In the field of infectious diseases, the technique has been shown to be a valuable method for the identification of viruses, bacteria, fungi, and/or parasites. One such platform is the Syndromic approach, which tests for various pathogens using FilmArray panels. The paper aims to assess the impact of using the BioFire® FilmArray® within an antibiotic stewardship program on faster pathogen detection and improved antibiotic use in a tertiary care hospital in Northern India. A total of 162 samples from patients admitted to our centre with physician-labelled diagnosis of URTI, Pneumonia, Gastrointestinal infection and CNS infection were analysed by BioFire® FilmArray® from July 2022 to July 2023. A Prospective observational study. The Pneumonia Panel showed the highest positivity rate, with 38 positive cases out of a total of 39, resulting in a positivity rate of 97%. This was followed by upper respiratory specimens (59%), BCID-2 (35%), and the Meningitis Panel (17%). 
Out of a total of 39 specimens (BAL/Sputum/Tracheal aspirates) tested using the Pneumonia Panel (PN Plus), 38 (97%) showed positive results, compared to conventional culture, which had a positivity rate of only 67%. The detection of viral aetiologies can guide clinicians to withhold or discontinue the antibiotics and prescribe more targeted therapy. This guided escalation, de-escalation and discontinuation decisions can strengthen the antibiotic stewardship decisions and thereby improve the patient outcomes. However, the high cost remains a limiting factor and must be included in the institutional protocol prioritization and diagnostic budgets to ensure sustainable implementation. 
Introduction: 
During the last couple of years, advances in PCR technology and other DNA signal/target amplification techniques have revolutionised molecular diagnostics. These techniques are simple, highly specific, sensitive, and amenable to full automation2. Post-COVID-19, many diagnostic laboratories have commenced PCR testing for one or more variants. However, the use of PCR is limited by cost and the availability of adequate test sample volume.  To overcome this shortcoming and to increase the diagnostic capacity of PCR, a variant called Multiplex PCR has paved its way in healthcare. In multiplex PCR, more than one target sequence can be amplified by including multiple pairs of primers in the reaction, which can reduce both time and effort within the laboratory.  Since its introduction, Multiplex PCR has been successfully applied in many areas of nucleic acid diagnostics, including gene deletion analysis3, mutation and polymorphism analysis4, quantitative analysis5, and RNA detection6. 
In the field of infectious diseases, the technique has been shown to be a valuable method for the identification of viruses, bacteria, fungi, and/or parasites. One such platform is the Syndromic approach, which tests for various pathogens using FilmArray panels. Syndromic testing is a symptom-driven, broad grouping of probable pathogens into one rapid test, which maximizes the chance of getting the right answer in a clinically relevant timeframe. Many such Panels have been devised for various Syndromes like Upper Respiratory Panel, Pneumonia (Lower Respiratory) Panel, Gastrointestinal Panel, Blood Culture Identification Panel, Meningitis Panel and Joint Fluid Panel.
Our institute initiated the use of the equipment in 2022. However, due to the high cost per test, its application was limited to selected cases. Considering its high efficacy and rapid turnaround time, the hospital infection control committee concluded its use for Upper Respiratory Tract Infections (URTIs) and Central Nervous System (CNS) infections because most of these infections are viral in nature. In cases where the clinical profile suggested a viral infection, antibiotics were not used, thereby reducing irrational antibiotic use and contributing to antibiotic stewardship. The present study aimed to assess the efficacy of Nested Multiplex PCR as compared to Conventional bacterial cultures in terms of time to detection, organisms detected, information on resistance genes in escalating/de-escalating antimicrobials. 
Materials and Methods: 
Study Design: A Prospective observational study, laboratory diagnostic study comparing the results of conventional microbiological investigations of URTI specimens with that of the BioFire® Multiplex panel.
Study Period: July 2022 to July 2023.
Study Setting: The study was conducted at a tertiary care hospital in Northern India.
Study Participants: The study included patients admitted with clinically suspected URTI, pneumonia, bloodstream infection, or CNS infection. 
Sample Collection:
A total of 162 samples from patients admitted to our centre with physician-labelled diagnosis of URTI, Pneumonia, Gastrointestinal infection and CNS infection were analysed by BioFire® FilmArray® from July 2022 to July 2023. The different panels for various syndromes and the number of samples tested were as follows: Upper Respiratory Panel (RP 2.1 Plus)-29, Pneumonia Panel (PN Plus)-39, Gastrointestinal Panel (GI)-Nil, Blood Culture Identification Panel (BCID 2)-26, Meningitis/Encephalitis Panel (ME)-48. Various samples used were throat swabs, nasopharyngeal swabs and sputum for the Upper respiratory panel, bronchoalveolar lavage for the lower respiratory panel, cerebrospinal fluid for the meningitis/encephalitis panel, blood culture bottles for the BCID 2 panel. The samples were collected in sterile containers and subjected to aerobic bacterial cultures and syndromic testing using the BioFire® FilmArray® panel.
Ethical Considerations: 
Ethical clearance was obtained from the regional Institutional Ethical Committee (IEC). Permission was obtained from the relevant administrative authorities. The study objectives were explained to all the participants and informed consent was taken from. Confidentiality of the data was maintained.
Data Analysis: 
Data were entered and analysed using Microsoft Excel.
Results: 
A total of 162 clinical samples were processed between July 2022 and July 2023 using the BioFire® FilmArray® multiplex PCR system and conventional aerobic culture methods. The specimens represented patients with a clinician-diagnosed syndrome of upper respiratory tract infection, pneumonia, bloodstream infection, or central nervous system infection.
Four syndromic panels of the BioFire platform were utilized — Upper Respiratory (RP 2.1 Plus), Pneumonia (PN Plus), Blood Culture Identification (BCID 2), and Meningitis/Encephalitis (ME) which corresponded to the clinical presentation of each patient.
The Pneumonia Panel showed the highest positivity rate, with 38 positive cases out of a total of 39, resulting in a positivity rate of 97%. This was followed by upper respiratory specimens (59%), BCID-2 (35%), and the Meningitis Panel (17%). In addition to bacterial isolates, many viral isolates were detected, along with the detection of drug resistance genes in the BCID 2 and PN Plus panels. In the RP 2.1 Plus panel, 17 cases were positive, with viruses detected in 16 samples and Bordetella pertussis in one sample. Of the eight ME Panel positive cases, viruses were detected in six cases, including Varicella zoster in three cases (Table 1).
Additionally, many resistance genes were detected in the same sample. In a few cases, up to five resistance genes were detected in a single sample, which helped clinicians administer the appropriate antibiotic. Conventional aerobic cultures were also conducted but the positivity rate for bacteria was lower (Table 1). In certain samples that showed multiple organisms in BioFire, conventional cultures failed to grow all the detected bacteria. Figures 1 to 3 depict various bacteria including atypical bacteria, viruses and resistance genes detected in different Syndromic Panels.
       


Diagnostic performance indices of the BioFire® FilmArray® panels -sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV), were calculated separately for each of the four BioFire panels (RP 2.1 Plus, PN Plus, BCID 2, and ME) as depicted in Table 2. Overall, all four panels demonstrate very high sensitivity (96–98%) and negative predictive value (NPV ≈ 99%), which indicates that BioFire has an excellent ability to correctly detect pathogens when they are truly present (high sensitivity). A negative result is highly reliable, meaning infection is very unlikely to be missed (high NPV). This highlights BioFire’s superior capability to rule out in clinical diagnosis.
Discussion:
Viral detection was higher in the Upper Respiratory and Meningitis Panels in our study
However, detecting viruses from clinical samples in conventional laboratories is not feasible, and in most cases, only indirect evidence can be obtained through serological tests. However, numerous other viral pathogens cannot be detected by these tests, and their detection in many clinical and epidemiological settings is possible using multiplex PCR (Table 1). The technique was used to screen individuals on the basis of their symptoms and examine the association of these viral infections with disease. 
The development of multiplex PCR follows a rational approach for including or excluding specific pathogens in the assay. These pathogens can be organ/system specific or symptom specific with respect to the age of the patient and the epidemiological and geographical characteristics of these pathogens. PCR conditions, such as primer compatibility within the reaction mixture, are of great technical importance to prevent interference. The primer pairs must include as many strains of the target pathogen as possible. Additionally, depending on the amplicon detection methods, the targets should be easily distinguishable. It can be achieved by using primer pairs that yield PCR products that can be separated and clearly visualised using gel electrophoresis or hybridisation probes with maximum specificity. Before using this application in a clinical setting, multiplex PCRs must be evaluated for their sensitivity in comparison to their corresponding uniplex PCR using both serial dilutions of the target DNA and clinical specimens. The presence of multiple primer pairs in multiplex PCR increases the likelihood of spurious amplification products, primarily due to primer dimer formation7. These non-specific products may be amplified more efficiently than the desired target, consuming reaction components and producing impaired rates of annealing and extension. Thus, the optimisation of multiplex PCR should aim to minimise or reduce such interactions8.
Viruses that commonly cause respiratory infection include Respiratory syncytial virus (RSV), Influenza and Parainfluenza viruses (PIV), and Adenovirus, especially in infants and young children. Infection with these viruses may result in severe upper or lower respiratory tract disease requiring hospitalisation. Thus, rapid testing in such cases is crucial to reduce the severity of illness, complications, and mortality. Detection of viral infections will help limit unnecessary antibiotic use, facilitate appropriate therapy following a specific diagnosis, and implement measures to reduce nosocomial transmission to high-risk patients9. For this reason, a number of studies have aimed to develop and evaluate multiplex PCR for the detection of these viruses and provide substantial evidence of the utility of this technique as an important tool for the management of patients presenting with respiratory infections.
Our research findings indicate that viral infections of the upper respiratory tract and central nervous system are quite common; however, their detection using conventional microbiological techniques is not feasible. In our study, seven cases of Enterovirus, four of Respiratory syncytial virus and two of Adenovirus were detected. Viral infections usually do not require antimicrobial treatment; only critical cases or those with superimposed bacterial infections require antimicrobials. Supportive and symptomatic treatment is generally sufficient for managing self-limiting viral infections. In the present study, only symptomatic treatment was given to cases of Enterovirus and RSV infections; however, patients with Adenovirus infections also had superimposed bacterial infections and thus required antibiotics. 
Out of a total of 39 specimens (BAL/Sputum/Tracheal aspirates) tested using the Pneumonia Panel (PN Plus), 38 (97%) showed positive results, compared to conventional culture, which had a positivity rate of only 67%. The majority of samples showed the presence of multiple bacteria as well as viruses. However, conventional cultures could detect only one/two bacteria in samples showing polymicrobial results on Biofire which assisted in treating the cases by choosing appropriate antimicrobials. 
The most common bacterial isolates, in descending order, were Acinetobacter spp., Klebsiella spp., and Pseudomonas spp. Legionella pneumophila was detected in one specimen. However, Adenoviruses were more common than Human Rhinovirus/Enterovirus in viral isolation patterns. Many of the samples also exhibited the presence of more than one resistance gene. The most common resistance gene detected was NDM (19 cases), followed by CTX-M (15 cases) and VIM (12 cases). Rapid identification and quantification of pathogens, along with the detection of resistance genes, aided in antimicrobial stewardship. With the available information, escalation, de-escalation, and discontinuation of antimicrobials were possible, which also improved patient outcomes10.  The BIOFIRE PN Plus Panel identified significantly more positive specimens compared to conventional culture11.
In neurological diseases, the requirement of rapid and reliable diagnosis to provide a rational basis for chemotherapy and limit unnecessary procedures/irrelevant therapy is very important. Bacterial and fungal pathogens can be cultured in 24-48 hrs but for the detection of viruses PCR has proved to be a powerful tool. Nested Multiplex PCR enables simultaneous screening for viruses, bacteria, and fungi in CSF specimens from patients with aseptic meningitis or encephalitis12.
The wide range of viruses associated with neurological disease includes Herpes simplex virus (HSV), Cytomegalovirus (CMV), Varicella zoster virus (VZV), Epstein Barr virus (EBV), Human Herpes virus 6 (HHV-6), Enterovirus group including Echoviruses, Polioviruses, and Coxsackieviruses; Adenoviruses, Human Polyoma Viruses like JC and BK viruses, Arena viruses, Paramyxoviruses, Rabies and Arboviruses. In view of the large number of potentially neuroinvasive viruses and limited volume of the most useful diagnostic specimen cerebrospinal fluid (CSF), Biofire is extremely helpful13-15.
In our study, the ME Panel detected three cases of Varicella zoster virus and one case each of Cytomegalovirus, Enterovirus, and HSV-I. Streptococcus pneumoniae and Cryptococcus neoformans were detected in one case each.  
Aseptic meningitis caused by Varicella zoster virus is also very common. Till now, only a clinical diagnosis was made based on the history and clinical presentation. However, with the advent of Nested Multiplex PCR, we were able to diagnose three such cases and manage them with antivirals alone. Ponfilly G.P et al.16 have also stated that ruling out treatable causes of infectious meningitis is crucial in inpatient management. In their study, rapid detection of the most common causes of infectious meningitis (EV, HSV-2, and VZV) had a significant impact on the rates of hospital admission (31.9% reduction), length of stay decreased to 1 day and empiric antimicrobial administration had also decreased (11.6% antiviral reduction, 14.8% antibiotic consumption reduction). Similar findings were also revealed in the study by Chen et al., who demonstrated that implementation of the BioFire® FilmArray® Blood Culture Identification Panel led to a measurable reduction in time to optimal therapy and overall hospital stay, translating into improved clinical outcomes and more efficient healthcare resource utilization17.
Rapid detection of the most common causes of infectious meningitis (EV, HSV-2, and VZV) significantly impacted hospital admission rates, length of hospital stay, and empiric antimicrobial administration.
In the BCID-2 Panel, out of a total of 26 samples, only 9 (35%) samples showed positivity by the BCID-2 panel and 6 (23%) were positive by conventional culture. Another important observation was that all monomicrobial detections were similar between culture and Biofire; however, polymicrobial detection was more frequently observed with Biofire compared to conventional culture. Detection of resistance genes in the same sample facilitated a well-guided treatment approach. Graff K et al18 have also stated that the BIOFIRE BCID2 Panel positively impacts patient care by decreasing the time to optimal antimicrobial therapy and reducing antibiotic-related adverse effects, especially in pediatric populations and institutions with a higher prevalence of Gram-negative resistance.
The study by Van der Westhuyzen et al. (2023) and Carmon D et al (2023)  have mentioned the utility of the BioFire® FilmArray® Pneumonia Panel Plus in detecting lower respiratory tract pathogens and gastrointestinal pathogens and improving antimicrobial stewardship practices in a low- and middle-income country settings due to a shorter turnaround time, increased sensitivity and the detection of fastidious microorganisms, thus offering substantial patient care improvement19,20.
Conclusion:
 Identifying the exact causative agent and instituting appropriate antimicrobial therapy in infectious syndromes are key aspects of clinical management. With multiplex PCR technology, the diagnosis of bacterial, viral, and some fungal infections is possible within the first hour of patient presentation. Furthermore, viral infections, which are quite common in upper respiratory tract infections and meningitis, can also be detected, and such cases require only antivirals with supportive therapy. Besides, viral infections, which are quite common in upper respiratory tract infections and in cases of meningitis, can also be detected. Such cases require only antivirals with supportive therapy.  
Recommendations:
The BioFire® FilmArray® platform should be integrated into routine diagnostic workflows for syndromic testing in critically ill patients, particularly for respiratory, bloodstream, and CNS infections. Its rapid turnaround and high sensitivity enable early identification of pathogens, leading to timely and targeted antimicrobial therapy. Algorithms prioritizing patients with severe illness, prior antibiotic exposure, or negative initial cultures can optimize resource utilization given the high per-test cost. BioFire results should be incorporated into hospital antimicrobial stewardship programs (ASPs) to facilitate early de-escalation, escalation, or discontinuation of antibiotics. Continuous training of clinicians, microbiologists, and infection control nurses on interpretation of multiplex PCR results is essential. Understanding the detection of viral and resistance markers ensures appropriate therapeutic decisions and minimizes antibiotic misuse. Institutional infection control committees and national bodies (e.g., NCDC, ICMR) should consider including multiplex PCR–based syndromic testing in standard diagnostic guidelines for pneumonia, meningitis, and bloodstream infections to promote evidence-based diagnostic stewardship.
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Table 1 – Microorganisms positivity rates by different Biofire panels
	Total samples
	Type of Syndromic Panel
	Biofire positive samples (Percentage)
	Conventional Culture Positive samples (Percentage)
	Bacteria
	Viruses
	Fungi
	Resistance genes

	29
	RP 2.1
	17 (58.62)
	10 (34.48)
	1 (Atypical bacteria)
	23
	-
	-

	39
	PN Plus
	38 (97.43)
	26 (66.67)
	75 (1 Atypical bacteria
	21
	-
	61

	26
	BCID 2 
	9 (34.61)
	6 (23.07)
	22
	-
	1
	9

	48
	ME
	8 (16.66)
	1 (2.08)
	1
	6
	1
	-


              
Figure 1 – Microorganisms Detected on the Pneumonia Panel (PN Plus)


Figure 2 – Microorganisms Detected on Upper Respiratory Panel (RP 2.1 Plus)



Figure 3 – Microorganisms Detected on Meningitis/Encephalitis Panel (ME Panel)





Table 2- Diagnostic Performance of BioFire® FilmArray® Panels
	Panel
	Sensitivity (%)
	Specificity (%)
	PPV (%)
	NPV (%)

	RP 2.1 Plus
	98.1
	96
	87.6
	99

	PN Plus
	98.4
	71.5
	62
	98.7

	BCID 2
	98
	100
	98
	99.2

	ME Panel
	96
	98
	81.2
	99






Escherichia coli K1	Haemophilus influenzae	Listeria monocytogenes	Neisseria meningitidis	Streptococcus agalactiae	Streptococcus pneumoniae	Cytomegalovirus	Enterovirus	Herpes simplex virus 1	Herpes simplex virus 2	Human herpesvirus 6	Human parechovirus	Varicella zoster virus	Cryptococcus neoformans/gattii	0	0	0	0	0	1	1	1	1	0	0	0	3	1	


Acinetobacter calcoaceticus baumannii - complex	Enterobacter cloacae complex	Escherichia coli	Haemophilus influenza	Klebsiella aerogenes	Klebsiella oxytoca	Klebsiella pneumoniae group	Moraxella catarrhalis	Proteus spp.	Pseudomonas aeruginosa	Serratia marcescens	Staphylococcus aureus	Streptococcus agalactiae	Streptococcus pneumoniae	Streptococcus pyogenes	Chlamydia pneumoniae	Legionella pneumophila	Mycoplasma pneumoniae	Adenovirus	Coronavirus	Human metapneumovirus	Human Rhinovirus/Enterovirus	Influenza A	Influenza B	Middle East Respiratory Syndrome Coronavirus (MERS-CoV)	Parainfluenza Virus	Respiratory Syncytial Virus	IMP	KPC	OXA-48-like	NDM	VIM	CTX-M	mecA/C and MREJ (MRSA)	13	7	5	7	0	2	10	2	1	9	6	6	1	5	0	0	1	0	8	1	1	7	3	0	0	1	0	3	0	9	19	12	15	3	


Adenovirus	Coronavirus 229E	Coronavirus HKU1	Coronavirus NL63	Coronavirus OC43	Human Metapneumo virus	Human Rhinovirus/Enterovirus	Influenza A	Influenza A/H1	Influenza A/H1-2009	Influenza A/H3	Influenza B	Parainfluenza Virus 1	Parainfluenza Virus 2	Parainfluenza Virus 3	Parainfluenza Virus 4	Respiratory Syncytial Virus	SARS COV 2	Bordetella pertussis	Bordetella parapertussis	Chlamydia pneumoniae	Mycoplasma pneumoniae	2	0	0	1	0	2	7	0	0	1	2	1	0	0	1	1	4	1	1	0	0	0	





