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Background

Rapid diagnosis of causative agents of
bloodstream  infections improves patient
outcomes and antibiotic stewardship. BioFire
Diagnostics, LLC, is developing the BioFire® Blood
Culture Identification 2 (BCID2) Panel, increasing
the coverage of the BioFire® FilmArray® Blood
Culture Identification (BCID) Panel for key
pathogens and antimicrobial resistance (AMR)
markers in aerobic and anaerobic positive blood
culture (PBC). This revision expands the menu
from 27 to 43 targets, with 26 bacterial (14
revised, 6 new) and 7 fungal analytes (2 revised,
2 new), as well as 9 AMR markers (1 revised, 6
new). Notable additions include the anaerobe
Bacteroides fragilis, the emerging fungal
pathogen Candida auris, and the mobile colistin
resistance gene, mcr-1. This study details the
reactivity and specificity of a RUO BioFire BCID2
panel.

BioFire FilmArray Blood Culture Identification 2 (BCID2) Panel

Gram-negative Bacteria Gram-positive Bacteria
Acinetobacter calcoaceticus-baumannii complex  Enterococcus faecalis
Bacteroides fragilis Enterococcus faecium
Enteric Bacteria Listeria monocytogenes
Enterobacter cloacae complex Staphylococcus spp.
Escherichia coli Staphylococcus aureus
Klebsiella aerogenes Staphylococcus epidermidis
Klebsiella oxytoca Staphylococcus lugdunensis
Klebsiella pneumoniae group Streptococcus spp.
Proteus spp. Streptococcus agalactiae (Group B)
Salmonella spp. Streptococcus pneumoniae
Serratia marcescens Streptococcus pyogenes (Group A)
Haemophilus influenzae
Neisseria meningitidis

Pseudomonas aeruginosa Antimicrobial Resistance Genes

Stenotrophomonas maltophilia blacry.n
blay,
Yeast bla,,
Candida albicans mcr-1
Candida auris mecA/C and MREJ
Candida glabrata blapm
Candida krusei blapyp 4s.ike
Candida parapsilosis bla,,
Candida tropicalis vanA/B

Cryptococcus neoformans/gattii

Methods

The prototype panel was tested with fungal and
bacterial isolates, some carrying AMR markers, at
two sites by multiple operators. Reactivity was
assessed at 10°-10’ colony-forming units/mL
(CFU/mL) for 368 analytes, and specificity at 107~
CFU/mL for 31 on-panel and 160 off-panel
strains. Evaluation included multiple strains for
species level assays and AMR marker assays, as
well as multiple species for family/genus level
assays. Concordance with standard of care (SoC)
results was examined for 157 archived PBC.

Enteric Bacteria Tested

Inclusivity Staphylococci Tested

Leminorella grimontii . Gram-positive bacteria tested at 10° CFU/mL

Leminorella richardii ] . . Staphylococcus !enfus:
Moellerella wisconsensis ° Staphylococcus spp. non-reactive with 3/3 strains of ooy StPHylocOCCUS sciuri
Providencia rettaeri aphylococcus pettenkoferi
Providencin stuarti Staphylococcus lentus Staphylococcus aureus

Staphylococcus argenteus
Staphylococcus schweitzeri
Staphylococcus saprophyticus
Staphylococcus xylosus
Staphylococcus lutrae

. Non-Enteric Gram-negative bacteria tested at 10° CFU/mL

. Enteric Gram-negative bacteria tested at 1057 CFU/mL

° Fungi tested at 10° CFU/mL Staphylotoceus peoudintermediis
. . . . Staphyl hleiferi

*  Antimicrobial resistance (AMR) marker assays detected  swphyiococcus schieiferi subsp. schieiferi

. . Staphylococcus auricularis
along with host organism assays

. Reduced reactivity of MREJ assay against 5/25 MREJ types tested
. Known limitation to less common MREJ variants

Cosenzaea myxofaciens
Proteus mirabilis
Proteus hauseri

Proteus penneri
Proteus vulgaris
Morganella morganii
Morganella morganii subsp. morganii
Tatumella ptyseos
Yersinia rohdei

Yersinia bercovieri
Yersinia intermedia
Yersinia enterocolitica
Yersinia kristensenii
Hafnia alvei

Hafnia paralvei
Rahnella aquatilis
Serratia fonticola

Staphylococcus cohnii
Staphylococcus carnosus
Staphylococcus lugdunensis
Staphylococcus haemolyticus
Staphylococcus hominis
Staphylococcus epidermidis
Staphylococcus pasteuri
Staphylococcus warneri

Inclusivity of Gram-Positive Bacteria (117/120 Strains Detected)

. . Target Detected/Tested Staphylococcus saccharolyticus
Serratia rubidaea : Staphylococcus capitis
Serratia ficaria Enterococcus faecalis 5/5 Staphylococcus caprae
Serratia odorifera Enterococcus faecium 5/5
Yersinia ruckeri : .
Serratia liquefaciens Listeria monocytogenes 5/5 .
Serat uivoraee =aPRYOCOCEUE PP, . Streptococci Tested
Serratia quinivorans Staphylococcus aureus 26/26
Serratia plymuthica - — :
Serratia marcescens subsp. sakuensis Staphylococcus epidermidis 5/5 StStr IE;ptOCDCCHS b;}ws
Serratia marcescens . reptococcus mutans
Serratia sp, Staphylococcus lugdunensis 5/5 Streptococcus constellatus
Pantoea agglomerans Streptococcus spp. 57/57 Streptococcus anginosus
Edwardsiella tard Strept lacti 5/5 Streptococcus intermedius
p da stella f’ a reptococcus agalactiae Streptococcus salivarious subsp. thermophilus
edecea neteri Streptococcus pneumoniae 7/7 Streptococcus equinus
Pantoea sp. _ Streptococcus salivarius
Escherichia vulneris Streptococcus pyogenes 5/5 Streptococcus salivarius subsp. salivarius
Cedecea davisae Inclusivity of Non-Enteric Gram-Negative Bacteria (40/40 Strains Detected) Streptococcus suis
Buttiauxella noackiae Streptococcus equi
Kluyvera intermedia Target DEtECtEd, Tested Streptococcus equi subsp. zooepidemicus
Cronobacter universalis Acinetobacter calcoaceticus-bamannii Complex 11/11 Streptococcus agalactiae
Cronobacter malonaticus B d ” 5/5 Streptococcus iniae
Cronobacter sakazakii S I / Streptococcus parasanguinis
Cronobacter muytjensii Haemophilus infleunzae 7/7 Sftre,;)tncoccus gordonii
, , — S reptococcus sanguinis
Cronobacter condimenti ~ |Neisseria meningitidis 5/5 ;’mmmm ;”;,,E,,-s
Cronobacter dublinensis subsp. lausannensis - Strept d lacti bsp. d lacti
Cronobacter turicensis Pseudomonas aeruginosa 7/7 epltococcus aysgaiacliae supsp. aysgalactiae
_ _ ) - Streptococcus pyogenes
Cronobacter dublinensis subsp. lactardi Stenotrophomonas ma,’toph;ha 5/5 Streptococcus infantis
Cronobacter dublinensis "
i : . i : - Streptococcus mitis
Cronobacter dublinensis subsp. dublinensis Inclusivity of Enteric Gram-Negative Bacteria (152/152 Strains Detected) Strepfiowccus e
Cedecea lapagei Target Detected/Tested Streptococcus pneumoniae
Enterobacter sp. Enteric Bacteria 152/152 Streptococcus pseudopneumoniae
Cronobacter sp.
Escherichia hermannii Enterobacter cloacae Complex 8/8
Citrobacter koseri Escherichia coli 14/14
Escherichia albertii Kobsiell 4/4 E I ~ 't
Salmonella enterica subsp. enterica E05IEHIOEVOJENES xc u s IVI y
Yokenella regensburgei Klebsiella oxytoca 6/6
Citrobacter rodentium Klebsiella pneumoniae Group 8/8 . Panel exclusivity assessed against 191
Salmonella enterica subsp. salamae
Klebsiella variicola Proteus spp. 9/ 9 S p ecC | es
Escherichia coli Salmonella spp. 9/9 _ _ o
Shigella flexneri . ° - - -
Escs.flerichia ferqusoni Serratia marcescens 7/7 On panel organisms (mtra panel Cross reactlwty)
Salmonella enterica Inclusivity of Fungi (56/56 Strains Detected) ° P hyI ogenetic-nel gh bors
Trabulsiella guamensis ‘ .
Kiabsiolla aerogenes _ Target Detected/Tested . Representative subset of normal skin flora
Citrobacter gillenii Candida albicans 717 . Off-panel organisms likely to be encountered in
Raoultella terrigena Candida auris 12/12
Raoultella ornithinolytica . P BC
Raouitella planticola Candida glabrata 7/7 . -9
Citrobacter sedlakii Candida krusei 7/7 ¢ Bacteria teste d at 10°~° CFU / mL
Citrobacter amalonaticus . .
Candida parapsilosis 8/8 .
Kluyvera ascorbata . sl . Fungi tested at 10’ CFU/mL
Citrobacter farmeri Candida tropicalis 6/6
Kiebsiella pneumoniae Cryptococcus neoformans/gattii 9/9 . 100% specificity observed for 43/45 assays

Klebsiella pneumoniae subsp. ozaenae

Leclercia adecarboxylata Inclusivity of Antimicrobial Resistance Markers (112/117 Markers Detected)

. 2/45 assays were found to cross-react with

Kluyvera georgiana Target Detected/Tested | Host Organism(s) _ .
Citrobacter youngae CTX-M 16/16 10 near-neighbor species
Citrobacter werkmanii IMP 5/5 3 . Bfragilis assay with Bacteroides xylanisolvens
Enterobacter cancerogenus KPC 9/9 7 . . . . .
Enterobacter asburiae . Ckrusei assay with Candida inconspicua and
Enterobacter cloacae MCR-1 6/6 1 . .
Enterobacter kobei mecA/C 29/29 3 Cand’da norvegenSIS
o pore a miemganensis MRE! 20/25 2 . Cross-reactivity only observed at high titers of
ebsiella oxytoca
Citrobacter braakii NDM 10/10 3 organ Ism
Kluyvera cryocrescens OXA-48-like 5 /5 4
Enterobacter hormaechei
Enterobacter ludwigii vanA/B 7/7 2
VIM 5/5 3

Phylogenetic tree of all bacteria tested constructed from target gene sequences obtained from the NCBI nr/nt and wgs databases. Organisms targeted by species/group-specific assays are highlighted in blue, and missed detections in

Preliminary Concordance of BioFire
BCID and BCID2 Panels with SoC in
Archived Clinical Samples

Gram-Positive Bacteria
Target TP FN FP TN
BCID|BCID2|BCID |BCID2|BCID |BCID2 | BCID | BCID2
Enterococcus faecalis 5 8 3 1 1 0 148 | 148
Enterococcus faecium 2 5 2 0 1 0 152 | 152
Listeria monocytogenes 0 0 0 0 1 0 156 | 157
Staphylococcus spp. 32 | 40 7 0 1 4 | 117 | 113
Staphylococcus aureus 9 9 2 2 2 2 144 | 144
Staphylococcus epidermidis N/A| 14 |N/A| O |N/A| 4 [N/A| 139
Staphylococcus lugdunensis N/A| O |N/A| O |N/A| O [N/A| 157
Streptococcus spp. 10 12 6 4 0 0 141 | 141
Streptococcus agalactiae 1 1 0 0 0 0 156 | 156
Streptococcus pneumoniae 2 2 0 0 0 0 155 | 155
Streptococcus pyogenes 2 2 0 0 0 0 155 [ 155
Gram-Negative Bacteria
Target TP FN FP TN
BCID|BCID2|BCID |BCID2|BCID |BCID2 | BCID | BCID2
Acinetobacter calcoaceticus-baumannii complex 0 2 2 0 1 1 154 | 154
Bacteroides fragilis N/Al 0O |[N/A| O |N/A| O |N/A| 157
Enteric bacteria 26 | 30 9 5 1 1 121 | 121
Enterobacter cloacae complex 2 4 3 0 2 3 | 150 150
Escherichia coli 7 9 3 1 2 3 145 | 144
Klebsiella aerogenes N/Al 2 |N/A| 1 |N/A| 1 |N/A]| 153
Klebsiella oxytoca 2 2 2 1 1 2 152 | 152
Klebsiella pneumoniae group 7 8 2 1 1 1 147 | 147
Proteus spp. 0 0 0 0 0 0 157 | 157
Salmonella spp. N/A| O |N/A| 1 |N/A 1 |N/A| 155
Serratia marcescens 1 1 0 0 0 0 156 | 156
Haemophilus influenzae 0 0 0 0 0 0 157 | 157
Neisseria meningitidis 0 0 0 0 0 0 | 127 | 157
Pseudomonas aeruginosa 1 1 1 1 1 1 154 | 154
Stenotrophomonas maltophilia N/Al 2 |N/A| O |N/A| 1 |N/A| 154
Yeast
Target TP FN FP TN
BCID|BCID2|BCID |BCID2|BCID |BCID2 | BCID | BCID2
Candida albicans 8 8 0 0 1 1 148 | 148
Candida auris N/Al 0O |[N/A| O |N/A| O |N/A| 157
Candida glabrata 2 3 0 0 2 1 153 | 153
Candida krusei 0 0 0 0 0 0 157 | 157
Candida parapsilosis/tropicalis 10 9 1 2 3 2 143 | 144
Cryptococcus neoformans/gattii N/A| 2 |N/A| O |N/A 1 |N/A| 154

e BioFire detections are concordant with culture

SoC results for the majority of analytes
 True positive detections increased due to broader
coverage of the BioFire BCID2 Panel
 Reduction in false positive and false negative results
due to improved sensitivity and specificity of the
BioFire BCID2 Panel
« Cparapsilosis & Ctropicalis assays have been re-
configured to improve sensitivity
 Discrepancies likely a result of misidentification due
to phenotypic/morphological similarities

e Concordance of AMR markers not evaluated

Conclusions

Performance of the RUO BioFire BCID2 Panel
shows that many key pathogens implicated in
bloodstream infections can be identified with
high sensitivity and specificity, and highlights
the utility of the updated assays and the
expanded menu to aid in the diagnosis of
etiological agents of bloodstream infections.

All data presented were obtained with a Research Use Only
E)RUO) version of the panel. The BioFire BCID2 Panel has not

een evaluated by the FDA or other regulatory agencies for In
Vitro Diagnostic use.
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