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Overview

• Pneumonia and its diagnostics 

• Need for rapid testing 

• Multi-plexed PCRs

• BioFire® Pneumonia Panel – working, analysis of use 

• Application



Pneumonia- Disease burden 

• India : 23 per cent of global pneumonia burden and 36 per cent WHO 
regional burden in patients under five years

• ATS -2005 -The incidence of HAP varies from 5 to 10 cases/1,000 
admitted patients, increasing 6–20 folds in mechanically ventilated 
patients 

Farooqui H, Jit M, Heymann DL, Zodpey S. Burden of Severe Pneumonia, Pneumococcal Pneumonia and Pneumonia Deaths in Indian States: Modelling
Based Estimates. PLoS One. 2015 Jun 18;10(6):e0129191.

Guidelines for the Management of Adults with Hospital-acquired, Ventilator-associated, and Healthcare-associated Pneumonia." American Journal of
Respiratory and Critical Care Medicine, 171(4), pp. 388–416



Clinical Epidemiology and Global Health, Volume 31,2025, 101907, ISSN 2213-3984, https://doi.org/10.1016/j.cegh.2024.101907.



Microbiological testing for CAP : 

- in the outpatient setting, microbiological testing : likely to have low 
yield and to add little to the choice and duration of antibiotic therapy.

- favourable outcome usually obtained with empirical therapy : an 
overall low use of microbiological testing for the management of 
patients with mild CAP

Murphy CN, Fowler R, Balada-Llasat JM, et al. Multicenter evaluation of the biofire filmarray pneumonia/pneumonia plus panel for detection
and quantification of agents of lower respiratory tract infection. J Clin Microbiol. 2020 06;58(7). DOI:10.1128/JCM.00128-20



Severe CAP and Nosocomial infections – HAP, 
VAP 
• Definitive diagnosis : isolating the organism 

• Gold standard: Respiratory sample microscopy ------- culture of 
specimens 

• a causative pathogen can be detected in less than 40% of adults with 
CAP 

Jain S, Self WH, Wunderink RG, et al. Community-Acquired pneumonia requiring 
hospitalization. N Engl J Med. 2015 12; 373(24): 2382.



Microbiological culture of organisms

• low sensitivity : ~ 60% ¹ , further affected by prior antibiotic use, 

sampling technique, (14% good quality sputum ¹)

storage and transport conditions, 

sampling site etc.

• long turnaround time: the definitive results – gap of 24 to 72 h.

• Diagnostic delay - necessitates the initiation of empiric broad-spectrum antibiotic 
therapy - may not always be appropriate,

- encourages multi-drug resistance 

- unfavourable outcomes

¹ García-Vázquez E, Marcos MA, Mensa J, de Roux A, Puig J, Font C, Francisco G, Torres A. Assessment of the usefulness of sputum culture for 
diagnosis of community-acquired pneumonia using the PORT predictive scoring system. Arch Intern Med. 2004 Sep 13;164(16):1807-11. doi: 

10.1001/archinte.164.16.1807. PMID: 15364677.



García-Vázquez E, Marcos MA, Mensa J, et al. Assessment of the Usefulness of Sputum Culture for Diagnosis of Community-Acquired Pneumonia Using 
the PORT Predictive Scoring System. Arch Intern Med. 2004;164(16):1807–1811. doi:10.1001/archinte.164.16.1807



Rapid tests 

• The search for microbial antigens by rapid immunoassays or for 
microbial nucleic acids using amplification tests (NAATs). 



Conventional Culture

MALDI-TOF

NAAT



European Respiratory Journal 2023 61(4): 2200735; DOI:

Based on 1 systematic review (of 28 observational studies) and 1 RCT 

RCT – ResPOC trial – LRTI pts to POC viral molecular test or SOC 
- Did not reduce proportion of pts treated with antibiotics, no redn in 

duration, reduced duration of stay +
Systematic review –
- For Respiratory viral pathogens identified in adults with community-
acquired pneumonia in Europe
PCR detected bacteria at low NA loads
ELISA, Serology, IF- modalities used 



Proprietary 
Name

Parent Company Characteristics Sensitivity and 
Specificity

BioFire®  FA 
Pneumonia 
Panel Plus

BioMérieux, 
France

- FDA cleared and CE-IVD 
marked test

- -Detects 18 bacteria (3
atypical), 9 viruses, and 7 
antimicrobial resistance-
associated genes 

Declared sensitivity 
of 75–100% (sputum) 
85.7–100% (BAL)

Specificity of
87.2–99.4% (sputum) 
91.2–99.5%  (BAL)

Semi-quantitative 
results for 15 
pathogens 

TAT 75 mins

VERIGENE® 
Respiratory 
Pathogens Flex 
Nucleic Acid 
Test

Luminex Molecular 
Diagnostics, Inc., 
Canada

- FDA cleared and CE-IVD 
marked test 

- - 13 viral and 3 bacterial 
targets 

Declared sensitivity 
of 79.2–100% and 
specificity of 97.1–
100%, depending on 
target.

Designed for CAP, 
BUT SARS-CoV -2, S. 
pneumoniae, H. 
influenzae, Mycoplasma 
pneumoniae, and 
Legionella pneumophila-
NOT INCLUDED

ONLY qualitative 
results.

TAT 2 hours

Unyvero system Curetis GmbH, 
Germany

- FDA Cleared , and CE-IVD 
marked 

- - 20 bacterial targets, 1 
fungal target, and 17 
antibiotic resistance 
targets, but it lacks viral 
targets

Declared sensitivity 
80–100% and 
specificity 98– 100%

Resistance detection –
suboptimal- poor 
consistency between 
resistance marker 
detection and organisms’ 
antibiograms, 
(predecessor panel 
Unyvero P55 : AMR 
detection (18%)

Qualitative
results

TAT of about 4– 5 
hours
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BIOFIRE® FILMARRAY® Pneumonia Panel plus 
(BIOFIRE Pneumonia Panel plus)
• multiplexed nucleic acid test

• used with BIOFIRE® FILMARRAY® 2.0 (BIOFIRE 2.0) or BIOFIRE® 
FILMARRAY® TORCH (BIOFIRE TORCH) systems



BioFire® System Documents

Detection of 
amplicons to 

confirm 
targets 

Multiplex PCR 
to amplify 
pathogen 

nucleic acids

cDNA (RT) 
synthesis 

Nucleic acid 
purification

Resulting PCR products 
evaluated by DNA melting 
analysis 

The FILMARRAY TORCH 
software automatically  
determines results –
provides report 



Nested Multiplex PCR 

nmPCR: 2 stages of PCR 
1st Stage – multiple “outer primers” used to perform multiplex PCR on the target templates
2nd Stage – performed in a singleplex format to amplify DNA copies generated during 1st stage 

BioFire® System Documents



High resolution melting analysis : Optics and 
Imaging 

• To identify targets from positive PCR reactions, DNA melting curve analysis is 
performed 

• Fluorescence emitted by the LCGreen® Plus dye is imaged by a camera 

• DNA melting curves captured by slowly inc temperature of PCR array and 
capturing fluorescent signal 

• Temperature increases and copies of double-stranded DNA melt, LCGreen Plus 
dye is released and reduction in fluorescence is detected

• Images are processed automatically by the System Base, and the data is analyzed



Melting point analysis • Derivative calculation (dF/dT) – The 
negative derivative of fluorescence (F) vs. 
temperature (T) is plotted: Peaks in the 
negative derivative plot (-dF/dT vs. T)
indicate Tm values where DNA strands 
denature.

• Each target has a distinct Tm, allowing 
differentiation of multiple pathogens.

• Since the sequence and Tm of amplicon 
from a specific target is known & 
consistent, pathogen specific PCR product 
can be identified as being copied from 
that target.

• Non-specific PCR products with different 
Tms are excluded



Reporting

• 15 bacteria reported semi-quantitatively : a log10 binned value of 104, 
105, 106, or >107 genomic copies/ml; Targets quantified at 
<103.5 copies/ml are reported as “not detected.”



• Qualitative reporting of :

 Viral and atypical bacterial targets, a qualitative result of either “detected” or 
“not detected” is reported.

 Genetic markers of antimicrobial resistance are reported qualitatively as 
“detected” or “not detected” only if a commensurate bacterial target is 
detected and reported



Specimens: 

https://www.biomerieux.com/tr/en/our-offer/clinical-products/biofire-filmarray-pneumonia-panels.html

Internal data 



J Clin Microbiol. 2020 Jun 24;58(7):e00135-20. doi: 10.1128/JCM.00135-20. PMID: 32350045; PMCID: 
PMC7315039.

- Retrospective analysis of 259 residual BAL (n = 237) or mini-
BAL (n = 22) specimens from the clinical trial for regulatory 
clearance of the PN panel 
- at eight U.S. clinical centers between October 2016 and July 
2017
- analysis of this subset specimens 
a) Comparing results reported using routine SOC methods 

to those obtained using the PN panel and
b) assessing the potential impact of the PN panel results on 

antibiotic utilization in these patients.



1) 63% (38/60) - but only additional 38 samples
2) Targets detected - ?less important from clinician view compared to 

yield from each sample. 
?Multiple targets in each sample increases this number 

(i) SAMPLE POSITIVITY



(ii) Concordance for predominant bacteria detected



• Among positive cultures, concordance between the PN panel and culture 
quantitation was 43.6% (34/78).

• Concordance was poorest at low bacterial culture CFU;  18.8% (3/16) for 103 CFU/ml 
and 11.4% (4/35) for 104 CFU/ml in culture 

• In all discordant cases, the PN panel result was higher than that of culture – among 
these, 77.2% (34/44) exceeded culture quantitation by >1 log.

• All >105 CFU/ml in culture were reported as 105, 106, or ≥107 genomic copies/ml by 
the PN panel (100% concordance)

For BAL: 10^4 
All 10^4 in SOC : 
detected at 10^4 and 
above in PN 
But 81% 10^3 colonies 
(SOC) reported as >10^4 
copies in PN 

(iii) Quantitative agreement b/w SOC and PN 



Comparison of AMR detection 

- a combined 20% (2/10) concordance between the identification of genetic resistance markers by the 
PN panel and the phenotypic characterization of Gram-negative isolates recovered from these 
specimens.



Decision on antibiotics 
- Complete medical chart data were available for 253/269 (94.1%) patients
- Potential antibiotic adjustments were based on comparison between the PN panel and routine culture 

results. 
- Actual antibiotic prescription and modification based on the SOC results were determined by medical 

chart review
- Potential antibiotic adjustments based on the PN panel results were considered appropriate only if PN 

panel and SOC results were in positive or negative agreement. 
- In these cases, it was assumed that the same appropriate adjustment could have been made at the time of 

PN panel result.



On a per-patient basis, this equated to an average potential of 6.2 
fewer total antibiotic days per patient or 3.7 days per antibiotic.



Decision on antibiotics 

No benefit from the 
“63%” additional 
positivity by PN 



Viral detection

Only 11/46 (23.9%) specimens with a positive 
viral detection by the PN panel had a clinician-
ordered molecular test for viral pathogens.          

Significance of this positivity

 The SOC positivity rate was 14/93 (15.1%) among 
specimens with a clinical order for viral-pathogen 
testing

 At least one viral target was detected by the PN 
panel in 46/259 (17.7%) BAL specimens. 

 Among these, 18/46 (39.1%) were also positive for 
at least one bacterial target by the PN panel

 Among these, the PN panel demonstrated 96.7% 
(87/90) agreement with the SOC result, with no 
false-positive detections



Clinical Microbiology and Infection, Volume 28, Issue 1, 13 - 22

• 46 studies 

• Sensitivity of multiplex PCR (91.1% CI 88-94) for 
diagnosis of influenza lower than that of stand 
alone PCR (95.1% CI 88-97)  with similar sensitivity 
of 99% 



• Based on the full clinical trial set, 

Sputum and ET aspirate: 

*3 as likely as BAL or mini-BAL specimens to have ≥3 targets detected 
(51 BAL and 162 sputum specimens) 

* 2 likely to have bacterial targets that were not recovered by 
specialized reference culture methods (328 BAL and 547 sputum 
specimens)

Sample : Sputum or BAL



Infection. 2024 Feb;52(1):173-181. doi: 10.1007/s15010-023-02080-1. Epub 2023 Aug 12. PMID: 37572241; 
PMCID: PMC10810975.

• a retrospective observational study

• 1078 BAL samples analysed by both culture 
(standard of care and reference standard) and 
Biofire FilmArray© Pneumonia (PN) panel 

• Indications for BAL were either diagnostics of 
interstitial lung disease or diagnosis of acute or 
chronic infection.

• Stratified as pneumonia +/- : physician diagnosis 



• Among 840 patients, 1078 BAL samples were examined by both PN-panel 
and culture. 

• The PN-panel detected bacterial pathogens in 506 (47%) samples, 

BUT growth of these same pathogens was reported in only 185 (17%) 
samples after culture.

• PN-panel detected additional 346 bacterial targets (including 6 atypical 
pneumonia bacteria and 153 viral pathogens) among 114 patients

• Culture detected 19 additional bacteria (included in the PN panel, but not 
detected) and 

171 other bacteria or fungi which could represent pathogens or colonizing 
flora (not included in the PN panel).





Crude odds ratios of bacterial pneumonia among 840 unique 
hospitalized patients including 175 with pneumonia, according to 
microbiological test results and presence of chronic pulmonary 
disease

A positive PN-panel was a predictor of pneumonia only in 
patients without chronic pulmonary disease, whereas the 
odds ratio for pneumonia was increased in those with positive 
culture regardless of underlying chronic pulmonary disease.

Result interpretation - in combination with the 
clinical condition, otherwise it could lead to 
inappropriate use of antibiotics



The Journal of Infectious Diseases, Volume 229, Issue 1, 15 January 2024, Pages 214–222

 Patients with acute resp infections (symptoms/clinical) recruited in 24 hr
 Adjudicated by a panel of 4 physicians and classified into - viral infection 

alone, bacterial infection alone, or bacterial-viral coinfection. 
 Adjudicators were blinded to the BioFire PN bacterial PCR results but not to 

atypical bacterial and viral results. 

298 good and moderate quality sputum samples 
BioFire PN
• detected 350 bacteria and 16 atypical bacteria - an 

average of 1.23 potential bacterial pathogens per 
sample. 

• 225 (75.5%) samples had typical bacteria detected.

SOC: 
• 144 organisms (143 bacteria and 1 atypical bacteria) 

averaging 0.48 organisms per sample 

• 126 samples (42.3%) grew a potential pathogen 





Thorax. 2022 Dec;77(12):1220-1228. doi: 10.1136/thoraxjnl-2021-216990. Epub 2022 Jan 13. PMID: 35027473.

- Surplus routine lower respiratory tract samples - from intensive 
care unit patients about to receive new or changed antibiotics 
for hospital-onset lower respiratory tract infections 

- 652 samples from 15 UK hospitals.
- Testing was performed using the BioFire FilmArray Pneumonia 

Panel (bioMérieux) and Unyvero Pneumonia Panel (Curetis).
- Concordance analysis compared machine and routine 

microbiology results

• PCR identified more pathogens : 
BioFire:74.2% , Unyvero: 60.4%, Routine 
microbiology: 44%

Sensitivity Specificity

BioFire 91.7%–100%  87.5%–99.5%

Unyvero 50.0%–100% 89.4%–99.%



Utility of BioFire: 

1) Utilising a positive report: 

Pre-test probability 

Log Bin value – more confident diagnosis at higher levels,  to correlate 
with culture 

Other markers ? 

Resistance gene (?expressed) vs other phenotypic methods of 
resistance 



2) Cost

3) Novel pathogens

A limited panel of genetic markers for bacterial/viral/fungal 
identification and/ or resistance mechanisms - novel or rare pathogens  
may be missed. Affects negative predictive value.

4) Be cautious about pathogens not included: 

Eg: S. maltophilia in ICU patients

Aspergillus fumigatus and other moulds in immunocompromised 
patients or ICU patients



Recommendation : 

• To be used in patients where a non-infective focus is more likely, and 
negative infective work-up aids therapeutics 

Eg: before immunosuppression 

(caveat – fungal/tubercular)

• In patients with suspected infective focus : can be accepted at face 
value only in the context of clinical setting 



• Thank You 


