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EVALUATION OF AUTOMATIC CLASS III DESIGNATION FOR 
Accelerate PhenoTest BC Kit 

 
DECISION SUMMARY 

A. DEN Number: 
 

DEN160032 

B. Purpose for Submission: 
 
De novo request for evaluation of automatic class III designation for the Accelerate PhenoTest BC 
Kit. 

C. Measurand: 

The following Gram-positive and Gram-negative bacteria and yeasts are identified using the 
Accelerate PhenoTest BC kit Staphylococcus aureus, Staphylococcus lugdunensis, Coagulase-
negative Staphylococcus species (i.e., Staphylococcus epidermidis, Staphylococcus haemolyticus, 
Staphylococcus hominis, Staphylococcus capitis, Staphylococcus lugdunensis, Staphylococcus 
warnerii, not differentiated), Enterococcus faecalis, Enterococcus faecium, Streptococcus spp. (i.e., 
Streptococcus mitis, Streptococcus oralis, Streptococcus gallolyticus, Streptococcus agalactiae, 
Streptococcus pneumoniae, not differentiated), Pseudomonas aeruginosa, Acinetobacter baumannii, 
Klebsiella spp. (i.e., Klebsiella pneumoniae, Klebsiella oxytoca, not differentiated), Escherichia coli, 
Enterobacter spp. (i.e., Enterobacter cloacae, Enterobacter aerogenes, not differentiated), Proteus 
spp. (i.e., Proteus mirabilis, Proteus vulgaris, not differentiated), Citrobacter spp. (i.e., Citrobacter 
freundii, Citrobacter koseri, not differentiated), Serratia marcescens, Candida albicans and Candida 
glabrata. 

The Accelerate PhenoTest BC kit tests the following antimicrobial agents as appropriate for the 
identified organism (see section H below): amikacin, ampicillin, ampicillin/sulbactam, aztreonam, 
ceftazidime, ceftaroline, cefepime, ceftriaxone, ciprofloxacin, daptomycin, erythromycin, ertapenem, 
gentamicin, linezolid, meropenem, piperacillin/tazobactam, tobramycin and vancomycin.  

The following resistance phenotypes are reported based on qualitative tests as appropriate for the 
identified organism (see section H below): Methicillin-resistance and macrolide-lincosamide-
streptogramin B resistance (MLSb). 

D. Type of Test: 
The Accelerate PhenoTest BC kit is a multiplexed in vitro diagnostic test utilizing both qualitative 
nucleic acid fluorescence in situ hybridization (FISH) identification and quantitative, antimicrobial 
susceptibility testing (AST) methods and is intended for use with the Accelerate Pheno System. The 
PhenoTest BC assay is performed directly on positive blood culture samples identified as positive by 
a continuous monitoring blood culture system. 

E. Applicant: 
 Accelerate Diagnostics 

F. Proprietary and Established Names: 
Accelerate PhenoTest BC Kit 

(
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Accelerate Pheno system 

G. Regulatory Information: 

1. Regulation section: 
866.1650 

2. Classification: 
 Class II 

3. Product code: 
 PRH, NSU, PEO, PAM, PEN, LON 

4. Panel: 
 83 (Microbiology) 

H. Indications for Use: 

1. Indications for Use: 

The Accelerate PhenoTest BC kit is a multiplexed in vitro diagnostic test utilizing both qualitative 
nucleic acid fluorescence in situ hybridization (FISH) identification and quantitative, antimicrobial 
susceptibility testing (AST) methods and is intended for use with the Accelerate Pheno system. The 
Accelerate PhenoTest BC kit is capable of simultaneous detection and identification of multiple 
microbial targets followed by susceptibility testing of the appropriate detected bacterial organisms. 
The Accelerate PhenoTest BC kit is performed directly on blood culture samples identified as 
positive by a continuous monitoring blood culture system. Results are intended to be interpreted in 
conjunction with Gram stain results. 

The Accelerate PhenoTest BC kit identifies the following Gram-positive and Gram-negative bacteria 
and yeasts utilizing FISH probes targeting organism-specific ribosomal RNA sequences: 
Staphylococcus aureus, Staphylococcus lugdunensis, Coagulase‐negative Staphylococcus species 
(i.e., Staphylococcus epidermidis, Staphylococcus haemolyticus, Staphylococcus hominis, 
Staphylococcus capitis, Staphylococcus lugdunensis, Staphylococcus warneri, not differentiated), 
Enterococcus faecalis, Enterococcus faecium, Streptococcus spp. (i.e., Streptococcus mitis, 
Streptococcus oralis, Streptococcus gallolyticus, Streptococcus agalactiae, Streptococcus 
pneumoniae, not differentiated), Pseudomonas aeruginosa, Acinetobacter baumannii, Klebsiella spp. 
(i.e., Klebsiella pneumoniae, Klebsiella oxytoca, not differentiated), Escherichia coli, Enterobacter 
spp. (i.e., Enterobacter cloacae, Enterobacter aerogenes, not differentiated), Proteus spp. (i.e., 
Proteus mirabilis, Proteus vulgaris, not differentiated), Citrobacter spp. (i.e., Citrobacter freundii, 
Citrobacter koseri, not differentiated), Serratia marcescens, Candida albicans and Candida glabrata.  

The Accelerate PhenoTest BC kit tests the following antimicrobial agents with the specific target 
organisms identified below: 

 Amikacin: Pseudomonas aeruginosa, Acinetobacter baumannii, Klebsiella spp. (i.e., Klebsiella 
pneumoniae, Klebsiella oxytoca, not differentiated), Escherichia coli, Enterobacter spp. (i.e., 
Enterobacter cloacae, Enterobacter aerogenes, not differentiated), Proteus spp. (i.e., Proteus 
mirabilis, Proteus vulgaris, not differentiated), Citrobacter spp. (i.e., Citrobacter freundii, 
Citrobacter koseri, not differentiated) and Serratia marcescens 
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 Ampicillin: Enterococcus faecalis and Enterococcus faecium 
 Ampicillin/Sulbactam: Escherichia coli, Klebsiella spp. (i.e., Klebsiella pneumoniae, 

Klebsiella oxytoca, not differentiated), and Proteus spp. (i.e., Proteus mirabilis, Proteus 
vulgaris, not differentiated) 

 Aztreonam: Klebsiella spp. (i.e., Klebsiella pneumoniae, Klebsiella oxytoca, not 
differentiated), Escherichia coli, Enterobacter spp. (i.e., Enterobacter cloacae, Enterobacter 
aerogenes, not differentiated), Proteus spp. (i.e., Proteus mirabilis, Proteus vulgaris, not 
differentiated), Citrobacter spp. (i.e., Citrobacter freundii, Citrobacter koseri, not 
differentiated) and Serratia marcescens 

 Ceftazidime: Pseudomonas aeruginosa, Klebsiella spp. (i.e., Klebsiella pneumoniae, Klebsiella 
oxytoca, not differentiated), Escherichia coli, Enterobacter spp. (i.e., Enterobacter cloacae, 
Enterobacter aerogenes, not differentiated), Proteus spp. (i.e., Proteus mirabilis, Proteus 
vulgaris, not differentiated), Citrobacter spp. (i.e., Citrobacter freundii, Citrobacter koseri, not 
differentiated) and Serratia marcescens 

 Ceftaroline : Staphylococcus aureus 
 Cefepime: Pseudomonas aeruginosa, Klebsiella spp. (i.e., Klebsiella pneumoniae, Klebsiella 

oxytoca, not differentiated), Escherichia coli, Enterobacter spp. (i.e., Enterobacter cloacae, 
Enterobacter aerogenes, not differentiated), Proteus spp. (i.e., Proteus mirabilis, Proteus 
vulgaris, not differentiated), Citrobacter spp. (i.e., Citrobacter freundii, Citrobacter koseri, not 
differentiated) and Serratia marcescens 

 Ceftriaxone: Klebsiella spp. (i.e., Klebsiella pneumoniae, Klebsiella oxytoca, not 
differentiated), Escherichia coli, Enterobacter spp. (i.e., Enterobacter cloacae, Enterobacter 
aerogenes, not differentiated), Proteus spp. (i.e., Proteus mirabilis, Proteus vulgaris, not 
differentiated), Citrobacter spp. (i.e., Citrobacter freundii, Citrobacter koseri, not 
differentiated) and Serratia marcescens 

 Ciprofloxacin: Pseudomonas aeruginosa, Klebsiella spp. (i.e., Klebsiella pneumoniae, 
Klebsiella oxytoca, not differentiated), Escherichia coli, Enterobacter spp. (i.e., Enterobacter 
cloacae, Enterobacter aerogenes, not differentiated), Proteus spp. (i.e., Proteus mirabilis, 
Proteus vulgaris, not differentiated), Citrobacter spp. (i.e., Citrobacter freundii, Citrobacter 
koseri, not differentiated) and Serratia marcescens 

 Daptomycin: Staphylococcus aureus, Coagulase‐negative Staphylococcus species (i.e., 
Staphylococcus epidermidis, Staphylococcus haemolyticus, Staphylococcus hominis, 
Staphylococcus capitis, Staphylococcus lugdunensis, Staphylococcus warneri, not 
differentiated), Enterococcus faecalis and Enterococcus faecium 

 Erythromycin: Staphylococcus aureus 
 Ertapenem: Klebsiella spp. (i.e., Klebsiella pneumoniae, Klebsiella oxytoca, not differentiated), 

Escherichia coli, Enterobacter spp. (i.e., Enterobacter cloacae, Enterobacter aerogenes, not 
differentiated), Proteus spp. (i.e., Proteus mirabilis, Proteus vulgaris, not differentiated), 
Citrobacter spp. (i.e., Citrobacter freundii, Citrobacter koseri, not differentiated) and Serratia 
marcescens 

 Gentamicin: Pseudomonas aeruginosa, Klebsiella spp. (i.e., Klebsiella pneumoniae, Klebsiella 
oxytoca, not differentiated), Escherichia coli, Enterobacter spp. (i.e., Enterobacter cloacae, 
Enterobacter aerogenes, not differentiated), Proteus spp. (i.e., Proteus mirabilis, Proteus 
vulgaris, not differentiated), Citrobacter spp. (i.e., Citrobacter freundii, Citrobacter koseri, not 
differentiated) and Serratia marcescens 

 Linezolid: Staphylococcus aureus, Enterococcus faecalis and Enterococcus faecium 
 Meropenem: Pseudomonas aeruginosa, Klebsiella spp. (i.e., Klebsiella pneumoniae, Klebsiella 

oxytoca, not differentiated), Escherichia coli, Enterobacter spp. (i.e., Enterobacter cloacae, 
Enterobacter aerogenes, not differentiated), Proteus spp. (i.e., Proteus mirabilis, Proteus 
vulgaris, not differentiated), Citrobacter spp. (i.e., Citrobacter freundii, Citrobacter koseri, not 
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differentiated) and Serratia marcescens 
 Piperacillin/Tazobactam: Pseudomonas aeruginosa, Acinetobacter baumannii, Klebsiella spp. 

(i.e., Klebsiella pneumoniae, Klebsiella oxytoca, not differentiated), Escherichia coli, 
Enterobacter spp. (i.e., Enterobacter cloacae, Enterobacter aerogenes, not differentiated), 
Proteus spp. (i.e., Proteus mirabilis, Proteus vulgaris, not differentiated), Citrobacter spp. 
(i.e., Citrobacter freundii, Citrobacter koseri, not differentiated) and Serratia marcescens 

 Tobramycin: Pseudomonas aeruginosa, Klebsiella spp. (i.e., Klebsiella pneumoniae, Klebsiella 
oxytoca, not differentiated), Escherichia coli, Enterobacter spp. (i.e., Enterobacter cloacae, 
Enterobacter aerogenes, not differentiated), Proteus spp. (i.e., Proteus mirabilis, Proteus 
vulgaris, not differentiated), Citrobacter spp. (i.e., Citrobacter freundii, Citrobacter koseri, not 
differentiated) and Serratia marcescens 

 Vancomycin: Staphylococcus aureus, Staphylococcus lugdunensis, Coagulase‐negative 
Staphylococcus species (i.e., Staphylococcus epidermidis, Staphylococcus haemolyticus, 
Staphylococcus hominis, Staphylococcus capitis, Staphylococcus lugdunensis, Staphylococcus 
warneri, not differentiated), Enterococcus faecalis and Enterococcus faecium 

The following resistance phenotypes are reported based on qualitative tests: Methicillin-resistance (S. 
aureus S. lugdunensis, coagulase negative staphylococci) and macrolide-lincosamide-streptogramin B 
resistance (MLSb) (S. lugdunensis and coagulase negative staphylococci). 
 
The Accelerate PhenoTest BC kit is indicated as an aid in the diagnosis of bacteremia and fungemia. 
It is also indicated for susceptibility testing of specific pathogenic bacteria as identified above 
commonly associated with or causing bacteremia. Results are intended to be used in conjunction with 
other clinical and laboratory findings. 
 
Standard laboratory protocols for processing positive blood cultures should be followed to ensure 
availability of isolates for supplemental testing as needed. Additionally, subculture of positive blood 
culture is necessary for the identification and susceptibility testing of: organisms not identified by the 
Accelerate PhenoTest BC kit, organisms present in polymicrobial samples, organisms for which 
species identification is critical for patient care (e.g., speciation of Streptococcus spp.), samples for 
which an “indeterminate” result for any probe was obtained, for testing antimicrobial agents not 
included on the Accelerate panel and for epidemiologic testing. 

2. Special conditions for use statement(s): 
 For prescription use only 
  

Limitations: 
 
General Limitations 

 This product can only be used with the Accelerate Pheno system. 
 The Accelerate PhenoTest BC kit assay has not been evaluated for specimens other than 

blood (e.g., sterile body fluids inoculated into blood culture bottles) 
 The performance of this test has only been evaluated using the following blood culture 

bottles: 
o BD BACTEC Standard/10 Aerobic/F Medium,  
o BD BACTEC Standard/10 Anaerobic/F Medium, 
o BD BACTEC Lytic/10 Anaerobic/F Medium 
o BD BACTEC PEDS PLUS/F Medium 
o BD BACTEC Plus Aerobic/F Medium 
o BD BACTEC Plus Anaerobic/F Medium  
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o BioMérieux BacT/ALERT SA Standard Aerobic  
o BioMérieux BacT/ALERT SN Standard Anaerobic  
o BioMérieux BacT/ALERT FA Plus Aerobic 
o BioMérieux BacT/ALERT FN Plus Anaerobic 
o BioMérieux BacT/ALERT PF Plus 
o Versa TREK REDOX 1 (Aerobic) Medium and  
o Versa TREK REDOX 2 (Anaerobic) Medium 

 This product should not be used with blood culture bottles containing charcoal. 
 Positive blood culture samples must be run using the Accelerate PhenoTest BC kit on the 

Accelerate Pheno system within 8 hours of sample positivity. 
 Positive blood culture sample must be loaded on the Accelerate Pheno system and the run 

must be initiated within 15 minutes of pipetting sample into sample vial and within 1 
hour of removing the assay kit from refrigerated storage. 

 Failure to observe proper procedures for sample collection, preparation, storage, handling 
and/or transportation may cause incorrect results.  

 
Identification (ID) Limitations 

 Due to the possibility of cross reactivity, all Accelerate PhenoTest BC kit results should 
be interpreted in conjunction with Gram stain.  

 The ability of probes to detect all strains of a target species was not predicted by in-silico 
analysis. 

 Additional subculture is required for the identification of S. pneumoniae in cases of a 
positive Streptococcus spp. call. 

 Subculture of positive blood culture is required in the following situations:  
o For the identification and susceptibility testing of off-panel organisms not 

identified by the Accelerate PhenoTest BC kit,  
o For samples that give a polymicrobial result  
o For organisms for which species identification is critical for patient care, (e.g., 

speciation of streptococci)  
o For testing antimicrobial agents not included on the Accelerate panel  
o For testing certain antimicrobial agents as discussed in AST limitations below 
o For testing samples for which an “indeterminate” result for any probe was 

obtained 
o To obtain isolates for epidemiologic testing. 

 Accelerate PhenoTest BC kit identification results that are discordant with the result of 
the blood culture Gram stain (for example, no organism detection when the Gram stain is 
positive or detection of a Gram-positive cocci when Gram-positive cocci were not 
observed in the Gram stain) should be confirmed by an alternate technique prior to 
reporting the test result. For some polymicrobic calls, false positive results may not be 
mitigated by Gram stain analysis (for example, detection of two Enterobacteriaceae 
species with Gram-negative rods observed in the Gram stain). Results of such 
polymicrobic calls should be verified by subculture and/or an alternative identification 
method. 

 
Antimicrobial Susceptibility Testing (AST) Limitations 

 Due to insufficient number of test isolates, the ability of the Accelerate PhenoTest BC kit 
to detect inducible MLSb resistance in coagulase-negative staphylococci is unknown 
when used with the following blood culture bottle types: BacT/Alert SN Standard 
Anaerobic, BACTEC Peds Plus/F, BACTEC Plus Anaerobic/F, BACTEC Standard 
Anaerobic, BACTEC Standard/10 Aerobic, VersaTrek Redox 1 Aerobic, VersaTrek 
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o Aztreonam: Proteus spp., S. marcescens  
o Cefepime: Citrobacter spp., Proteus spp., S. marcescens  
o Ceftazidime: Proteus spp., S. marcescens  
o Ceftaroline: S. aureus  
o Ceftriaxone: Citrobacter spp., E. cloacae, S. marcescens  
o Ciprofloxacin: Citrobacter spp., Proteus spp., S. marcescens  
o Daptomycin: S. aureus 
o Ertapenem: Citrobacter spp., Proteus spp., and S. marcescens  
o Gentamycin: Citrobacter spp., Enterobacter spp., Proteus spp., S. marcescens  
o Meropenem: Citrobacter spp., E. coli, Proteus spp., and S. marcescens  
o Piperacillin/Tazobactam: Proteus spp., and S. marcescens 
o Tobramycin: Citrobacter spp., Proteus spp., S. marcescens  
o Cefoxitin for Phenotypic Resistance: S.lugdunensis  
o MLSb: S. lugdunensis 

 The following antimicrobial/organism combinations may produce a resistant result that 
can be found susceptible by the reference method. If critical to patient care confirm these 
results with an alternate method: 

o Meropenem: Enterobacter 
o Ceftazidime: Pseudomonas aeruginosa (Any P. aeruginosa isolate that provides 

an MIC ≥16 μg/mL should be retested using an alternate method)  
o Cefepime: Pseudomonas aeruginosa 
o Ertapenem: Enterobacter spp. 
o Piperacillin/Tazobactam: Acinetobacter baumannii, Klebsiella spp.  

 The ability of the Accelerate PhenoTest BC kit to provide accurate MICs with amikacin 
resistant strains of A. baumannii has not been established; isolates of this species that 
provide resistant results should be confirmed by an alternative method. 

 Due to a low essential agreement for Serratia marcescens with ceftriaxone, results should 
be confirmed with an alternate method if critical to patient care. 

 The current absence of data on daptomycin-resistant isolates precludes defining any 
categories other than “susceptible.” Isolates yielding test results suggestive of a non-
susceptible category should be retested and if the result is confirmed, the isolate should 
be retested using the reference method. 

 The ability of the Accelerate PhenoTest BC kit to detect vancomycin-intermediate 
Staphylococcus aureus isolates (VISA) is unknown because insufficient numbers of 
VISA isolates were evaluated at the time of comparative testing. 

 Any S. aureus isolate for which the vancomycin MIC is >= 8 µg/mL should be sent to a 
reference laboratory for reference method testing. 

 Any coagulase negative Staphylococcus isolate for which the vancomycin MIC is >= 32 
µg/mL should be sent to a reference laboratory for reference method testing. 

 The ability of the Accelerate PhenoTest BC kit to provide accurate results for S. aureus 
with MLSb as compared to the reference method has not been established; isolates of this 
species should be tested by an alternative method. 

3. Special instrument requirements: 
 
 The Accelerate PhenoTest BC Kit is performed on the Accelerate Pheno System. 

I. Device Description: 
The Accelerate Pheno system is comprised of the Accelerate Pheno instrument, software, host 
computer, analysis computer, and the Accelerate PhenoTest BC kit. The Accelerate PhenoTest BC 
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If an AST result is not provided by the Accelerate PhenoTest BC kit, susceptibility testing must be 
performed using an alternative method. 

 
The AST results included in the PhenoTest BC report will indicate the MIC, the breakpoints, and 
interpretive categories for the drugs for which testing was performed. Results for resistance phenotypes 
(cefoxitin and MLSb) are reported as positive or negative. 
 
Quality Control.  
 
For the identification assay the Quality Control Report indicates an overall status of “passed” or “failed” 
and will list the identification results and pass/fail status for each tested species based on detection 
(positive or negative) and correct identification of the QC strain. For the AST assay the Quality Control 
report lists the QC range, MIC and pass/fail status for each tested antimicrobial agent. Pass/fail status is 
determined by the whether the MIC result falls within the QC range (pass) or outside of the QC range 
(fail). 
 
Gram Stain Correlation 
 
All identification results provided by the PhenoTest BC kit are intended to be interpreted in conjunction 
with results obtained from Gram stain of the positive blood culture bottle. Gram reaction (gram-positive 
or gram-negative) and cellular morphology (gram-positive cocci in clusters, pairs or chains, gram-
negative rods) should be considered in the correlation with PhenoTest BC results. Gram stain results 
showing gram-negative cocco-bacilli may indicate the presence of Acinetobacter baumannii; however the 
cellular morphology is inconsistent or difficult to interpret for members of this genus. If the Gram stain 
results differ from the expected Gram stain morphology for the organism(s) identified by the PhenoTest 
BC kit, results should be confirmed with an alternate method. In addition, for any sample for which 
PhenoTest BC has indicated a monomicrobial result and for which the Gram stain of the positive blood 
culture shows multiple morphologies, results should be confirmed with an alternate method. All Patient 
Reports include the following footnote: 
 

Identification results that are discordant with Gram stain should be confirmed with an alternate 
method. 

 
Monomicrobial Call 
 
The PhenoTest BC kit will report a monomicrobial call for samples for which a target organism is 
identified and for which there is no additional evidence of the presence of an additional organism (on- or 
off-panel). Results of all monomicrobial calls should be correlated with results from Gram stain of the 
positive blood culture bottle. Patient results for samples that are considered monomicrobial will include 
the following footnote: 
 

Monomicrobial: sample positive for only one pathogen 
 
  
J. Standard/Guidance Document Referenced: 

 CLSI EP-05-A3, Evaluation of Precision Performance of Quantitative Measurement, Approved 
Guideline, 2004 

 CLSI M100-S26, Performance Standards for Antimicrobial Susceptibility Testing, 2015 
 CLSI M02-A12, Performance Standards for Antimicrobial Disk Susceptibility Testing, 2015 
 CLSI EP07-A2, Interference Testing in Clinical Chemistry, Approved Guideline, 2005 
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 CLSI EP17-A2, Evaluation of Detection Capability for Clinical Laboratory Measurement 
Procedures, Approved Guideline, 2012 

 CLSIM07-A10, Methods for Dilution Antimicrobial Susceptibility Tests for Bacteria That Grow 
Aerobically, Approved Standard, 2015 

 EN 62304-2006, Medical Device Software – Software Life-Cycle Processes, 2006 

K. Test Principle: 
The Accelerate Pheno system uses an automated sample preparation and surface immobilization 
method to enable microscopy-based, single-cell analysis for identification (ID) and antimicrobial 
susceptibility testing (AST). Identification is accomplished via fluorescence in situ hybridization 
(FISH). Antimicrobial susceptibility testing uses microscopic observation of individual, live, growing 
bacterial cells in near real time (approximately every 10 minutes) in the presence of antimicrobial 
agents. 
 
The Accelerate Pheno system employs automated sample and reagent pipetting, temperature 
controlled incubation, digital microscopy, image acquisition and analysis in an integrated and fully 
automated system. 

L. Performance Characteristics: 

1. Analytical performance: 

a. Precision/Reproducibility: 
Reproducibility studies of the Accelerate PhenoTest BC Kit for positive blood culture 
organism identification (ID) and antimicrobial susceptibility testing (AST) included 
evaluation of four replicates of the same positive blood culture sample on the same day at 
three testing sites for a total of 12 tests per blood culture sample. (Four replicates were 
initially tested to assure at least three valid results for each sample.) Samples were tested 
within eight hours of positivity. Primary probe targets utilized for reproducibility testing of 
the ID assay included representative species of each major organism group (S. aureus, S. 
pneumoniae, E. faecium, E. coli, A. baumannii and C. albicans). Additional species were 
tested in order to obtain the expected number of AST results (K. pneumoniae, P. aeruginosa, 
Citrobacter spp., Enterobacter spp., coagulase negative Staphylococcus, Proteus spp., and S. 
marcescens, and E. faecalis). A minimum of 90 data points were evaluated for each probe 
target. 

 
The reproducibility of the organism identification assay was assessed on a per probe basis 
across all study sites and within each study site. A minimum of nine ID results (three per site) 
was evaluated for each sample. The ID results were classified as “correct” or “not correct” by 
comparing the observed ID to the known ID for each test strain.  

 
Isolates that provided at least three ID results per site but which failed to produce at least 
three AST results per site were retested. All ID results were included in the analysis of probe 
performance. In order not to confound ID probe performance with overrepresentation of a 
single species, weighted percentages were calculated. 

 
For the identification assay, 11 of the 12 probe targets showed reproducibility > 95%. The 
Enterobacter probe (ENT) initially showed a reproducibility of 87.5% due to false negative 
results. Root cause analysis resulted in a post study imaging processing change; the original 
data was reevaluated with regression analysis. The resulting reproducibility was 93.2% 
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k. Polymicrobial LoD 
The purpose of the Polymicrobial Limit of Detection Study was to characterize the levels of 
different microorganisms that must be present in blood cultures containing two different 
microbial species in order for the PhenoTest BC Kit to perform antimicrobial susceptibility 
testing on either or both species. Testing was performed using 13 pairs of different microbial 
species. Individual strains were inoculated into blood culture bottles containing whole human 
blood and incubated until called positive by an automated blood culture instrument. The 
positive blood cultures were then mixed in different ratios to obtain simulated polymicrobial 
cultures at different target levels. The concentration of each organism in each mixture was 
determined by performing viable counts on the parental monomicrobial cultures. Each 
mixture was tested in duplicate using the PhenoTest assay.  

 
Results of the identification assay showed acceptable detection and identification of all 
isolates in the various concentrations. Only S. aureus (present in concentrations equivalent to 
that at positivity) with high concentrations of C. albicans (three to four log higher 
concentration than S. aureus) was not detected.  

 
AST testing of two organisms was not supported by the test results. The PhenoTest BC Kit 
will only perform AST testing on a single isolate in a polymicrobic sample. See above for 
details on AST testing in polymicrobic samples. 
 
Indeterminate, false positive and invalid results were obtained during the course of the 
polymicrobial LoD study. See Tables 35 and 36 for summaries of the indeterminate results. 
See Tables 37 and 38 for a summary of the false positive and invalid results, respectively.  

 
l. Biological interference 

The potential for biological interference of polymicrobial positive blood culture samples was 
evaluated by testing 17 combinations of various resistant isolates with previously established 
modal MICs or known resistance phenotypes in the presence of other isolates. Testing was 
performed at the time of positive detection by a continuous monitoring blood culture system. 
Testing was limited to polymicrobial samples containing 2 target species and included on-
panel and off-panel species (Propionibacterium acnes, Bacteroides fragilis and 
Stenotrophomonas maltophilia).  

 
For the identification assay 15 of 17 combinations resulted in 100% detection of all 
organisms. The results of the study are shown in Table 26 below. Results of the identification 
assay showed acceptable detection and identification of all isolates in the various 
concentrations. Only S. aureus and K. pneumoniae (present in concentrations equivalent to 
that at positivity) with high concentrations of C. albicans (three to four log higher 
concentration than S. aureus) was not detected.  
 
AST testing demonstrated biological interference; AST results will only be reported for one 
organism in polymicrobial samples. See Section I (Algorithm for Performance of AST) above 
for details on AST testing in polymicrobic samples. 
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clinical isolates isolated within seven days of seeding and incubated until positivity) and seeded 
samples (blood cultures seeded with human blood and previously characterized challenge and 
stock isolates and incubated until positivity). Challenge isolates were selected to represent 
organism/antimicrobial combinations that were less common and underrepresented in the fresh 
and fresh seeded samples and to provide resistant or on-scale MIC results for at least one 
antimicrobial agent. Challenge isolates were obtained from culture collections; stock isolates 
were obtained from clinical specimens at the clinical sites and represented isolates that had been 
stored for longer than seven days. 

Samples were tested in the following bottle types based on the type of continuously monitored 
blood culture system in use at the testing site: BacT/ALERT SA Standard Aerobic, BacT/ALERT 
SN Standard Anaerobic, BACTEC Lytic/10 Anaerobic/F Medium, BACTEC PEDS PLUS/F 
Medium, BACTEC PLUS Aerobic/F Medium, BACTEC PLUS Anaerobic Medium, BACTEC 
Standard Anaerobic/F Medium, BACTEC Standard Aerobic/F Medium, VersaTREK REDOX 1 
Aerobic Media (80 mL), VersaTREK REDOX 2 Anaerobic Media (80 mL). 

Testing was initiated within eight hours of bottle ring; bottles flagged as positive were held at 
room temperature until testing. 

Results of the identification assay were compared to results obtained with VITEK2 (bioMérieux) 
using isolates subcultured from the blood culture bottles tested with the Accelerate PhenoTest BC 
Kit. For isolates for which an invalid result was obtained by VITEK2, the reference identification 
was determined by 16S rRNA gene sequencing.  

Results of the AST assay were compared to the CLSI broth microdilution reference method. 
Isolates were tested in triplicate by the broth microdilution method; the reference result was the 
mode MIC value determined through replicate testing. If no mode value could be determined or if 
a QC failure occurred, an additional three replicates were tested to determine the mode MIC. 
Performance of the evaluation of resistance markers (cefoxitin susceptibility and MLSb) was 
compared to disk diffusion performed singly; if the test failed or if the zone diameter was within 
one millimeter of the breakpoint, testing was repeated in triplicate with the modal category used 
as the reference result. All reference testing was performed at a reference laboratory. 

A total of 2500 positive blood cultures were enrolled in the study. Samples were excluded from 
the ID assay study for the following reasons: protocol deviations, samples that halted workflow, 
samples enrolled but not tested, samples run outside of the eight hour post-positivity window, 
samples with no organism identified by Gram stain or subculture or samples for which isolates 
were considered unacceptable upon receipt at the reference laboratory, samples for which the 
Accelerate Pheno system did not complete the assay or for which results were invalid. Samples 
were excluded from the AST assay for the following reasons: AST testing performed after 
completion of collection of adequate data for AST, samples with no broth microdilution reference 
data collected, samples for which PhenoTest BC kit did not collect AST data, samples with 
discordant identifications between PhenoTest BC kit and the reference method, samples with 
invalid results, samples for which two isolates with the same identification were obtained. 

Results were evaluated for a total of 1850 positive blood culture samples including 793 fresh 
samples, 65 fresh seeded samples, 477 samples seeded with challenge isolates and 515 samples 
seeded with stock isolates. 
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The mean time from assay start to ID result was 1.38 hours; the mean time from assay start to 
AST result was 6.69 hours. 

Results obtained from the PhenoTest BC kit should be interpreted in conjunction with Gram stain 
results obtained from the positive blood culture sample to mitigate the occurrence of false 
positive results. To address the need for concurrence of PhenoTest BC kit results with Gram Stain 
results the following limitations were included in the device labeling: 

Due to the possibility of cross reactivity, all Accelerate PhenoTest BC kit results should 
be interpreted in conjunction with Gram stain  

Accelerate PhenoTest BC kit identification results that are discordant with the result of 
the blood culture Gram stain (for example, no organism detection when the Gram stain is 
positive or detection of a Gram-positive cocci when Gram-positive cocci were not 
observed in the Gram stain) should be confirmed by culture prior to reporting the test 
result. For some polymicrobic calls, false positive results may not be mitigated by Gram 
stain analysis (for example, detection of two Enterobacteriaceae species with Gram-
negative rods observed in the Gram stain). Results of such polymicrobic calls should be 
verified by subculture and/or an alternative identification method. 

The use of the PhenoTest BC kit does not eliminate the need for subculture of the positive blood 
culture. The following limitation was included in the device labeling to address the need for 
subculture for certain PhenoTest BC kit results: 

Subculture of positive blood culture is required in the following situations:  

o For the identification and susceptibility testing of off-panel organisms not 
identified by the Accelerate PhenoTest BC kit,  

o For samples that give a polymicrobial result  
o For organisms for which species identification is critical for patient care, (e.g. 

speciation of streptococci)  
o For testing antimicrobial agents not included on the Accelerate panel  
o For testing certain antimicrobial agents as discussed in AST limitations below 
o For testing samples for which an “indeterminate” result for any probe was 

obtained 
o To obtain isolates for epidemiologic testing. 

 
In addition, the PhenoTest BC kit does not provide species identification for members of 
Streptococcus (STR probe). Species detected by the STR probe include S. mitis, S. oralis, S. 
gallolyticus, S. agalactiae and S. pneumoniae. Subculture and alternative identification methods 
should be employed to determine the presence of S. pneumoniae. The following limitation was 
included in the device labeling: 
 

Additional subculture is required for the identification of S. pneumoniae in cases of a 
positive Streptococcus spp. call. 
 

a. Clinical Sensitivity and Specificity, Identification Assay 
 

For identification results, performance was evaluated by calculating sensitivity and specificity 
(for prospectively collected fresh samples) or PPA and NPA (for seeded samples). The 
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Ceftaroline. A total of 344 S. aureus isolates were evaluated with ceftaroline. The combined 
results from clinical and challenge testing demonstrated an EA of 93.3% and CA of 99.7% (Table 
32). There were an insufficient number of resistant isolates tested which was addressed with the 
following limitation in the device labeling: 

The ability of the Accelerate PhenoTest BC kit to detect resistance in the following 
combination is unknown because an insufficient number of resistant isolates were 
encountered at the time of comparative testing: Ceftaroline -S. aureus 

Daptomycin. A total of 332 Staphylococcus isolates were evaluated with daptomycin (197 S. 
aureus isolates, 135 coagulase negative Staphylococcus isolates). There is only a susceptible 
breakpoint for daptomycin with Staphylococcus spp. (≤1 µg/mL). The combined results from 
clinical and challenge testing demonstrated an EA for Staphylococcus of 99.1% and CA of 
99.7%. There was one very major error with a S. aureus isolate that was considered a random 
error; however, because an insufficient number resistant isolates of S. aureus isolates were 
evaluated during the clinical trial, the performance with resistant isolates is unknown. The 
following limitation was added to the device labeling: 

The ability of the Accelerate PhenoTest BC kit to detect resistance in the following 
combination is unknown because an insufficient number of resistant isolates were 
encountered at the time of comparative testing: Daptomycin - S. aureus 

A total of 111 Enterococcus isolates were evaluated with daptomycin (71 E. faecium isolates, 40 
E. faecalis isolates). There is only a susceptible breakpoint for daptomycin with Enterococcus 
spp. (≤4 µg/mL). The combined results from clinical and challenge testing demonstrated an EA 
for Enterococcus spp. of 95.5% and CA of 99.1% (Table 32). There was one major error with an 
E. faecium isolate which was considered a random error. Potential major errors with daptomycin 
are addressed with the following limitation in the device labeling: 

The current absence of data on daptomycin-resistant isolates precludes defining any 
categories other than "Susceptible." Isolates yielding test results suggestive of a "Non-
Susceptible" category should be retested, and if the result is confirmed, the isolate should 
be retested using the reference method. 

Erythromycin. A total of 194 S. aureus isolates were initially tested with erythromycin. While 
the EA and CA were acceptable, results showed a high occurrence of very major errors (5.9%). A 
correction was made to the AST model and regression analysis was used to validate results from 
the initial testing. Final analysis of erythromycin was made using a total of 338 S. aureus isolates 
were evaluated with erythromycin. The combined results from clinical and challenge testing 
demonstrated an EA of 98.2% and CA of 96.7% (Table 32). There was one major error that was 
considered a random error. 

Linezolid. A total of 194 S. aureus isolates were evaluated with linezolid (breakpoints ≤4, - ≥8 
µg/mL). The combined results from clinical and challenge testing demonstrated an EA for S. 
aureus of 99.5% and CA of 100% (Table 32). The EA of evaluable results for S. aureus was 
99.5%. A total of 110 Enterococcus spp. isolates were evaluated (41 E. faecalis isolates, 69 E. 
faecium isolates) (breakpoints ≤2, 4, ≥8 µg/mL). The combined results from clinical and 
challenge testing demonstrated an EA for Enterococcus spp. of 96.4% and CA of 98.2% (Table 
32). The EA of evaluable results for Enterococcus spp. was 100%. 
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Vancomycin. A total of 275 coagulase negative Staphylococcus, and Enterococcus spp. were 
evaluated with vancomycin (134 coagulase negative Staphylococcus isolates, 29 S. lugdunensis 
isolates, 41E. faecalis isolates and 71 E. faecium isolates) (breakpoints ≤4, 8-16, ≥32) µg/mL. 
The combined results from clinical and challenge testing demonstrated an EA for coagulase 
negative Staphylococcus, S. lugdunensis and Enterococcus spp. of 96.4% and CA of 96.4%. A 
total of 198 S. aureus isolates were evaluated with vancomycin (breakpoints ≤2, 4-8, ≥16 
µg/mL). The combined results from clinical and challenge testing demonstrated an EA for S. 
aureus of 98.0% and CA of 99.0% (Table 32). There were an insufficient number of vancomycin-
intermediate S. aureus (VISA) isolates evaluated and the following limitation was included in the 
device labeling: 

 
The ability of the Accelerate PhenoTest BC kit to detect vancomycin-intermediate 
Staphylococcus aureus isolates (VISA) is unknown because insufficient numbers of VISA 
isolates were evaluated at the time of comparative testing. 

Amikacin. A total of 432 isolates were evaluated with amikacin (47 A. baumannii isolates, 38 
Citrobacter spp. isolates, 110 E. coli isolates, 51 Enterobacter spp. isolates, 78 Klebsiella spp. 
isolates, 31 Proteus spp. isolates, 35 S. marcescens isolates, 42 P. aeruginosa isolates). The 
combined results from clinical and challenge testing demonstrated an EA of 94.2% and CA of 
94.0% (Table 33). There were an insufficient number of resistant isolates of Citrobacter sp., 
Enterobacter spp., E. coli, Proteus spp. and S. marcescens tested and the following limitation was 
included in the device labeling: 

The ability of the Accelerate PhenoTest BC kit to detect resistance in the following 
combination is unknown because an insufficient number of resistant isolates were 
encountered at the time of comparative testing: Amikacin - Citrobacter spp., Enterobacter 
spp., E. coli, Proteus spp., S. marcescens 

Testing of A. baumannii with amikacin demonstrated an EA of 80.9% and CA of 80.9%. The low 
CA was due to a high number of minor errors. Isolates of A. baumannii that were out of EA with 
the reference method were isolates that gave resistant MIC values with PhenoTest BC but gave 
intermediate MIC results with the reference method. To address the low EA of A. baumannii with 
amikacin the following limitation was included in the device labeling: 

The ability of the Accelerate PhenoTest BC kit to provide accurate MICs with amikacin 
resistant strains of A. baumannii has not been established; isolates of this species that 
provide resistant results should be confirmed by an alternative method. 

 
Ampicillin/Sulbactam. A total of 322 isolates were evaluated with ampicillin/sulbactam (186 E. 
coli isolates, 93 Klebsiella spp. isolates, 43 Proteus spp. isolates). The combined results from 
clinical and challenge testing demonstrated an EA of 91.0% and CA of 84.2% (Table 33). The 
low CA was due to the occurrence of a high number of minor errors with E. coli and Klebsiella 
sp. A single very major error was observed with Proteus spp. and was considered a random error. 
For Proteus spp. the essential agreement was low at 81.4%. Analysis of performance of Proteus 
spp. using truncated reporting ranges improved the EA to 90.7%. Analysis of trending indicated 
that MIC values for Enterobacteriaceae tended to be one doubling dilution higher than the 
reference MIC value. The following statement was included as a footnote to the AST 
performance table: 
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Accelerate PhenoTest BC kit ampicillin/sulbactam MIC values for Enterobacteriaceae 
tended to be one doubling dilution higher than the reference MIC value. 

Aztreonam. A total of 348 isolates of Enterobacteriaceae were evaluated with aztreonam (38 
Citrobacter spp. isolates, 124 E. coli isolates, 39 Enterobacter spp. isolates, 73 Klebsiella spp. 
isolates, 38 Proteus spp. isolates, 36 S. marcescens isolates). The combined results from clinical 
and challenge testing demonstrated a combined EA of 96.6% and CA of 97.7% (Table 33). A 
single very major error with E. coli and a single major error with Enterobacter spp. were 
considered random errors. There were an insufficient number of resistant isolates of Proteus spp. 
and S. marcescens tested and the following limitation was included in the device labeling: 

The ability of the Accelerate PhenoTest BC kit to detect resistance in the following 
combination is unknown because an insufficient number of resistant isolates were 
encountered at the time of comparative testing: Aztreonam - Proteus spp., S. marcescens. 

Analysis of trending indicated that MIC values for Enterobacteriaceae tended to be one doubling 
dilution higher than the reference MIC value. The following statement was added as a footnote to 
the AST performance table: 

Accelerate PhenoTest BC kit aztreonam MIC values for Enterobacteriaceae tended to be 
one dilution higher than the reference MIC value. 

Cefepime. A total of 349 isolates of Enterobacteriaceae were evaluated with cefepime (37 
Citrobacter spp. isolates, 124 E. coli isolates, 40 Enterobacter spp. isolates, 74 Klebsiella spp. 
isolates, 37 Proteus spp. isolates, 37 S. marcescens isolates) (breakpoints ≤2, 4-8, ≥16 µg/mL). 
The combined results from clinical and challenge testing demonstrated a combined EA of 97.7% 
and CA of 96.8% (Table 33). There was a single very major error observed with E. coli which 
considered a random error. There were an insufficient number of resistant isolates of Citrobacter 
spp., Proteus spp. and S. marcescens tested and the following limitation is included in the device 
labeling: 

The ability of the Accelerate PhenoTest BC kit to detect resistance in the following 
combination is unknown because an insufficient number of resistant isolates were 
encountered at the time of comparative testing: Cefepime - Citrobacter spp., Proteus 
spp., S. marcescens. 

A total of 42 isolates of P. aeruginosa were evaluated with cefepime (breakpoints ≤8, -, ≥16 
µg/mL). The combined results from clinical and challenge testing demonstrated a combined EA 
of 88.1% and CA of 92.9% which was considered to be acceptable performance (Table 33). The 
EA of evaluable results for P. aeruginosa was 83.3%. Three major errors observed with P. 
aeruginosa and were addressed with the following limitation in the device labeling: 

Cefepime with P. aeruginosa may produce a resistant result that can be found susceptible 
by the reference method. If critical to patient care confirm these results with an alternate 
method. 

Ceftazidime. A total of 377 isolates of Enterobacteriaceae were evaluated with ceftazidime (74 
Citrobacter spp. isolates, 122 E. coli isolates, 40 Enterobacter spp. isolates, 69 Klebsiella spp. 
isolates, 38 Proteus spp. isolates, 34 S. marcescens isolates) (breakpoints ≤4, 8, ≥16 µg/mL). The 
combined results from clinical and challenge testing demonstrated an EA of 86.2% and a CA of 
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93.9% (Table 33). Analysis of performance using truncated reporting ranges improved the EA for 
Enterobacteriaceae to 93.1%. Essential agreement of evaluable results was 77.4% for 
Enterobacteriaceae. There were an insufficient number of resistant isolates of Proteus spp. and S. 
marcescens tested and the following limitation was included in the device labeling: 

The ability of the Accelerate PhenoTest BC kit to detect resistance in the following 
combination is unknown because an insufficient number of resistant isolates were 
encountered at the time of comparative testing: Ceftazidime-Proteus spp., S. marcescens. 

Analysis of trending indicated that MIC values for Enterobacteriaceae tended to be one doubling 
dilution higher than the reference MIC value. The following statement was added as a footnote to 
the AST performance table: 

Accelerate PhenoTest BC kit ceftazidime MIC values for Enterobacteriaceae tended to be 
one doubling dilution higher than the reference method. 

A total of 53 isolates of P. aeruginosa were evaluated with ceftazidime (breakpoints ≤8, -, ≥16 
µg/mL). The combined results from clinical and challenge testing demonstrated an EA of 86.8% 
and CA of 88.7% (Table 33). Analysis of performance using truncated reporting ranges improved 
the EA to 90.6%. There were six major errors observed with P. aeruginosa and were addressed 
with the following limitation in the device labeling: 

Ceftazidime with P. aeruginosa may produce a resistant result that can be found 
susceptible by the reference method. If critical to patient care confirm these results with 
an alternate method. Any P. aeruginosa isolates that provides an MIC ≥ 16µg/mL should 
be retested with an alternate method. 

Analysis of trending indicated that MIC values for P. aeruginosa tended to be one doubling 
dilution lower than the reference MIC value. The following statement was added as a footnote to 
the AST performance table: 
 

Accelerate PhenoTest BC kit ceftazidime MIC values for P. aeruginosa tended to be one 
doubling dilution lower than the reference method. 

Ceftriaxone. A total of 324 isolates of Enterobacteriaceae were evaluated with ceftriaxone (30 
Citrobacter spp. isolates, 111 E. coli isolates, 40 Enterobacter spp. isolates, 70 Klebsiella spp. 
isolates, 33 Proteus spp. isolates, 40 S. marcescens isolates). The combined results from clinical 
and challenge testing demonstrated an EA of 89.8% and a CA of 96.6% which was determined to 
be acceptable (Table 33). For Proteus spp. with ceftriaxone the essential agreement was low at 
87.7%. Analysis of performance using truncated reporting ranges improved the EA for Proteus 
spp. to 93.9%. There were an insufficient number of resistant isolates of Citrobacter spp., 
Enterobacter cloacae and S. marcescens tested and the following limitation was included in the 
device labeling: 

 
The ability of the Accelerate PhenoTest BC kit to detect resistance in the following 
combination is unknown because an insufficient number of resistant isolates were 
encountered at the time of comparative testing: Ceftriaxone - Citrobacter spp., E. 
cloacae, S. marcescens. 
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The essential agreement of ceftriaxone with S. marcescens was unacceptable at 45.0%; CA was 
82.5% due to a high number of minor errors. Truncation of the reporting range did not improve 
the %EA. The low EA for S. marcescens was addressed with the following limitation in the 
device labeling: 
 

Due to a low essential agreement for S. marcescens with ceftriaxone, results should be 
confirmed with an alternate method if critical to patient care. 

Ciprofloxacin. A total of 394 isolates of Enterobacteriaceae and P. aeruginosa were evaluated 
with ciprofloxacin (38 Citrobacter spp. isolates, 125 E. coli isolates, 40 Enterobacter spp. 
isolates, 74 Klebsiella spp. isolates, 38 Proteus spp. isolates, 37 S. marcescens isolates, 42 P. 
aeruginosa isolates). The combined results from clinical and challenge testing demonstrated an 
EA of 96.7% and a CA of 98.2% (Table 33). For Enterobacter spp. with ciprofloxacin the EA 
was 85.0%; analysis of performance using truncated reporting ranges improved the EA for 
Enterobacter spp. to 100%. There were an insufficient number of resistant isolates of Citrobacter 
spp., Proteus spp. and S. marcescens tested and the following limitation was included in the 
device labeling: 

The ability of the Accelerate PhenoTest BC kit to detect resistance in the following 
combination is unknown because an insufficient number of resistant isolates were 
encountered at the time of comparative testing: Ciprofloxacin - Citrobacter spp., Proteus 
spp., S. marcescens. 
 

Ertapenem. A total of 351 isolates of Enterobacteriaceae were evaluated with ertapenem (40 
Citrobacter spp. isolates, 125 E. coli isolates, 40 Enterobacter spp. isolates, 71 Klebsiella spp. 
isolates, 38 Proteus spp., 37 S. marcescens isolates). The combined results from clinical and 
challenge testing demonstrated an EA of 98.9% and a CA of 98.6% (Table 33). There were two 
major errors with Enterobacter spp. which were addressed by the following limitation in the 
device labeling: 
 

Ertapenem with Enterobacter spp. may produce a resistant result that can be found 
susceptible by the reference method. If critical to patient care, confirm these results with 
an alternate method. 

There were an insufficient number of resistant isolates of Citrobacter spp., Proteus spp. and S. 
marcescens tested and the following limitation was included in the device labeling: 

The ability of the Accelerate PhenoTest BC kit to detect resistance in the following 
combination is unknown because an insufficient number of resistant isolates were 
encountered at the time of comparative testing: Ertapenem - Citrobacter spp., Proteus 
spp., S. marcescens. 

Analysis of trending indicated that MIC values for Enterobacteriaceae tended to be one doubling 
dilution higher than the reference MIC value. The following statement was added as a footnote to 
the AST performance table: 

Accelerate PhenoTest BC kit ertapenem MIC values for Enterobacteriaceae tended to be 
one doubling dilution higher than the reference MIC value. 
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Gentamicin. A total of 385 isolates of Enterobacteriaceae and P. aeruginosa were evaluated 
with gentamicin (39 Citrobacter spp. isolates, 122 E. coli isolates, 40 Enterobacter spp. isolates, 
71 Klebsiella spp. isolates, 36 Proteus spp. isolates, 35 S. marcescens isolates, 42 P. aeruginosa 
isolates). The combined results from clinical and challenge testing demonstrated an EA of 99.2% 
and a CA of 98.4% (Table 33). The CA for P. aeruginosa was low at 88.1% due to a high number 
of minor errors. There were an insufficient number of resistant isolates of Citrobacter spp., 
Enterobacter spp., Proteus spp. and S. marcescens tested and the following limitation is included 
in the device labeling: 

The ability of the Accelerate PhenoTest BC kit to detect resistance in the following 
organisms is unknown because an insufficient number of resistant isolates were 
encountered at the time of comparative testing: Citrobacter spp., Enterobacter spp., 
Proteus spp., S. marcescens. 
 

Meropenem. A total of 364 isolates of Enterobacteriaceae were evaluated with meropenem (39 
Citrobacter spp. isolates, 124 E. coli isolates, 57 Enterobacter spp. isolates, 71 Klebsiella spp. 
isolates, 37 Proteus spp. isolates, 36 S. marcescens isolates) (breakpoints ≤1, 2, ≥4 µg/mL). The 
combined results from clinical and challenge testing with Enterobacteriaceae demonstrated an 
EA of 97.0% and a CA of 98.1% (Table 33). For Enterobacter spp. the EA was low at 87.7%. 
Analysis of performance using truncated reporting ranges improved the EA for Enterobacter spp. 
to 91.2%. There was a single major error with E. coli that was considered to be a random error. 
There were three major errors with Enterobacter spp. which were addressed by the following 
limitation in the device labeling: 
 

Meropenem with Enterobacter spp. may produce a resistant result that can be found 
susceptible by the reference method. If critical to patient care, confirm these results with 
an alternate method. 

There were an insufficient number of resistant isolates of Citrobacter spp., E. coli, Proteus spp. 
and S. marcescens tested and the following limitation is included in the device labeling: 

The ability of the Accelerate PhenoTest BC kit to detect resistance in the following 
combination is unknown because an insufficient number of resistant isolates were 
encountered at the time of comparative testing: Citrobacter spp., E. coli, Proteus spp., S. 
marcescens. 

A total of 51 isolates of P. aeruginosa were evaluated with meropenem. The combined results 
from clinical and challenge testing with P. aeruginosa demonstrated an EA of 88.2 and a CA of 
90.2% (Table 33) Analysis of performance using truncated reporting ranges improved the EA for 
P. aeruginosa to 90.2%. There was a single major error that was considered to be a random error. 

Piperacillin/Tazobactam. A total of 519 isolates of Enterobacteriaceae, A. baumannii and P. 
aeruginosa were evaluated with piperacillin/tazobactam (73 Citrobacter spp. isolates, 121 E. coli 
isolates, 69 Enterobacter spp. isolates, 67 Klebsiella spp. isolates, 36 Proteus spp. isolates, 36 S. 
marcescens isolates, 47 A. baumannii isolates, 70 P. aeruginosa isolates). The combined results 
from clinical and challenge testing demonstrated an EA of 92.1% and a CA of 92.1% (Table 32). 
There was a single very major error with E. coli that was considered a random error. For P. 
aeruginosa the essential agreement was low at 85.7%. Analysis of performance using truncated 
reporting ranges improved the EA for P. aeruginosa to 91.4%. There was one major error with A. 
baumannii and two major errors with Klebsiella spp. The occurrence of major errors was 
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addressed in the following limitation in the device labeling: 
 
Piperacillin/Tazobactam with Acinetobacter baumannii and Klebsiella spp. may produce 
a resistant result that can be found susceptible by the reference method. If critical to 
patient care, confirm these results with an alternate method. 

There were an insufficient number of resistant isolates of Proteus spp. and S. marcescens tested 
and the following limitation is included in the device labeling: 

The ability of the Accelerate PhenoTest BC kit to detect resistance in the following 
combination is unknown because an insufficient number of resistant isolates were 
encountered at the time of comparative testing: Piperacillin /Tazobactam - Proteus spp., 
S. marcescens. 

Tobramycin. A total of 389 isolates of Enterobacteriaceae and P. aeruginosa were evaluated 
with tobramycin (36 Citrobacter spp. isolates, 122 E. coli isolates, 40 Enterobacter spp. isolates, 
74 Klebsiella spp. isolates, 38 Proteus spp. isolates, 37 S. marcescens isolates, 42 P. aeruginosa 
isolates). The combined results from clinical and challenge testing demonstrated an EA of 96.4% 
and a CA of 96.1% (Table 33). There were an insufficient number of resistant isolates of 
Citrobacter spp., Proteus spp. and S. marcescens tested and the following limitation is included 
in the device labeling: 

The ability of the Accelerate PhenoTest BC kit to detect resistance in the following 
organisms is unknown because an insufficient number of resistant isolates were 
encountered at the time of comparative testing: Citrobacter spp., Proteus spp., S. 
marcescens. 

Cefoxitin. A total of 398 Staphylococcus species were evaluated with cefoxitin to determine 
methicillin resistance (184 S. aureus isolates, 28 S. lugdunensis isolates, 180 coagulase negative 
Staphylococcus isolates). The combined results from clinical and challenge testing demonstrated 
CA of 98.2% (Table 34). Evaluation of fresh isolates of coagulase negative Staphylococcus spp. 
showed five very major errors; additional testing with 71 additional isolates of coagulase negative 
Staphylococcus demonstrated 100% CA with the reference method. Discordant analysis indicated 
that one isolate was falsely resistant by the reference method. Considering the lack of very major 
errors observed with repeat testing the performance of cefoxitin with coagulase negative 
Staphylococcus spp. was considered acceptable. 

Macrolide-Lincosamide Streptogramim B Resistance (MLSb). A total of 164 Staphylococcus 
species were evaluated with MLSb to determine inducible clindamycin resistance (29 S. 
lugdunensis isolates, 135 coagulase negative Staphylococcus isolates). The combined results from 
clinical and challenge testing demonstrated CA of 98.2% (Table 34). The ability of the PhenoTest 
BC kit to determine inducible clindamycin resistance in S. aureus has not been established; the 
following limitation is included in the device labeling: 

The ability of the Accelerate PhenoTest BC kit to provide accurate results for S. aureus 
with MLSb as compared to the reference method has not been established; isolates of this 
species should be tested by an alternative method. 

The ability of the PhenoTest BC kit to detect MLSb has not been established with all blood 
culture bottle types. The following limitation is included in the device labeling: 
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For each hazard, identified lines provided software traceability to each Software Requirements 
Specification (including the Software Requirement Items) and Software Test Plan/Procedure. 
Mitigations included design, manufacturing controls, supplier management, product labeling, 
verification/validation and quality control testing. 

 
Architecture Design Chart: 
Diagrams of the system software architecture were provided to cover the Physical and Logical 
Architecture of the Accelerate Pheno system. 
 
Software Requirements Specification (SRS) and Software Design Specification (SDS): 
SRS documents were provided that described the requirements for various components of the 
Accelerate Pheno system. Each Software Requirement Item (SRI) specified the software 
requirement to be fulfilled for the product, including appropriate performance, function, 
reliability, and timing. New SRIs were assigned for new features, enhancements, and for any 
issue resolution. The SRS were under revision control and were updated with each newly 
assigned SRI. Requirements defined in the SRS document were implemented according to the 
design specifications described. 
 
Traceability Analysis: 
A traceability matrix that linked requirements, specifications, hazards, mitigations and 
verification & validation testing for the software was acceptable. 
 
Software Development Environment Description: 
The software development life cycle plan and software configuration management plan for the 
Accelerate Pheno system was acceptable. 

 
Verification and Validation Testing (V&V): 
Based on the SRS and SDS, software verification test plans were devised to verify that software 
met the requirements. Accelerate Pheno system software testing was successfully completed at 
unit, integration, and system levels. Pass/fail criteria were reported along with test results in the 
Software Validation Summary Reports. 
 
Revision Level History: 
The software revision history record for the Accelerate Pheno system software was acceptable. 
 
Unresolved Anomalies: 
A report of V&V testing throughout the software life cycle also included a list of all unresolved 
anomalies (as a result of V&V testing), known issues (before V&V testing), and resolved issues 
(after V&V testing). A risk analysis for each issue was performed, and results indicated that all 
remaining issues were those of low severity (Broadly Acceptable) and would not impact device 
performance. Any remaining issues, along with a work-around, will either be communicated to 
user through labeling or fixed in future software versions. The impact analyses of the unresolved 
anomalies on device safety and effectiveness were considered acceptable. 
 
ES and EMC Testing: 
The Accelerate Pheno system was tested and certified to the applicable electrical safety standards 
IEC 61010-1:2010 (3rd edition)—Safety Requirements for Electrical Equipment for 
Measurement, Control, and Laboratory Use - Part 1: General Requirements. The device also 
complied with electromagnetic compatibility, emission and immunity and the requirements of 
IEC 61326-2-6 and other applicable standards. Operational precautions, limitations hazards, and 
warnings were listed in the User Guide. 
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3. Specimen Identification: 
 Sample vial can be labeled with barcode or written label. If the barcode is unreadable, the user 

can manually enter sample information to continue the run. 

4. Specimen Sampling and Handling: 
The labeled Accelerate Pheno system sample vial is filled with an aliquot of positive blood 
culture. The sample vial cap is screwed on tightly. The test must be initiated within 15 minutes of 
placing the positive blood culture media in the Accelerate sample vial. A labeled sample vial 
containing positive blood culture is placed into the sample vial receptacle on the reagent 
cartridge, where the vial label is facing outward. 

5. Calibration: 
There is no operator scheduled maintenance or operator replaceable parts or materials on the 
Accelerate Pheno system. An annual preventative maintenance visit by an authorized Accelerate 
Diagnostics service representative is recommended. Module relocation by the customer is not 
recommended. Relocation and recalibration should be performed by Accelerate trained service 
personnel before resuming normal operation. Contact Accelerate Diagnostics Technical Support 
to arrange for Accelerate trained service personnel to relocate the module.  

6. Quality Control (QC): 
Three internal process controls are included in each assay: 
  

 Universal Bacterial Probe and Universal Eukaryotic Probe for yeast 
 General Nucleic Acid Stain 
 Growth Control Channel 

 
Instructions for QC testing with external controls are provided in the instructions for use. For QC 
panels used to monitor performance of ID and AST function of the Accelerate Pheno system, 
only one QC panel should be run on a given module at a time. Organisms for the QC panel being 
run should be inoculated into specified individual empty wells of the reagent cartridge. QC 
testing should be rotated between the modules such that all modules are used to perform QC at 
approximately the same frequency. External controls should be tested in accordance with the 
appropriate accrediting organization requirements. 

 
 

O. Other Supportive Instrument Performance Characteristics Data Not Covered In The 
“Performance Characteristics” Section above: 

 

P. Proposed Labeling: 

The labeling is sufficient and it satisfies the requirements of 21 CFR Parts 801 and 809, as applicable, 
and the special controls for this device type. 

Q. Identified Risks to Health and Identified Mitigations 

  
Identified Risks to Health Identified Mitigations 
If identification assay is included, false positive General controls and special controls (1), (2), 
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or false negative results or incorrect 
identifications can lead to  

 a delay in determining the true cause of 
the infection 

 unnecessary, ineffective or lack of 
antimicrobial therapy 

 delayed or skipped treatments or 
diagnostic procedures 

 inappropriate infection prevention and 
control measures/and or public health 
procedures 

 interference with antimicrobial 
stewardship efforts 

Failure to perform appropriate AST testing may 
result in 

 unnecessary, ineffective or lack of 
antimicrobial therapy 

 interference with antimicrobial 
stewardship efforts 

 development of antimicrobial resistance 
An organism determined to be resistant when it is 
susceptible may lead to 

 treatment with an ineffective antibiotic 
 administration of unnecessary broad 

spectrum drugs 
 adverse effects from antimicrobials 
 costly implementation of infection 

control measures 
An organism determined to be susceptible when it 
is resistant may lead to 

 treatment with an ineffective antibiotic 
 increased morbidity or death 

(3), (4), and (5) 

Errors in Interpretation General controls and special control (6) 
Failure to correctly operate the test system General controls and special control (7) 
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Patient Perspectives 

This submission did not include specific information on patient perspective for this device. 

S. Conclusion: 
 

The information provided in this de novo submission is sufficient to classify this device into class II 
under regulation 21 CFR 866.1650.  
 
FDA believes that the stated special controls, and applicable general controls, including design 
controls, provide reasonable assurance of the safety and effectiveness of the device type. The device 
is classified under the following: 
 
Product Code: PRH, NSU, PEO, PAM, PEN, LON 
 
Device Type: A cellular analysis system for multiplexed antimicrobial susceptibility testing 
 
Class:  II (special controls) 
 
Regulation: 21 CFR 866.1650 
 
(a) Identification. A cellular analysis system for multiplexed antimicrobial susceptibility testing is a 

multiplex qualitative and/or quantitative in vitro device intended for the identification and 
determination of the antimicrobial susceptibility results of organisms detected in samples from 
patients with suspected microbial infections. This device is intended to aid in the determination of 
antimicrobial susceptibility or resistance when used in conjunction with other laboratory findings. 

 
(b) Classification. Class II (special controls). A cellular analysis system for multiplexed antimicrobial 

susceptibility testing must comply with the following special controls: 
 

1) Premarket notification submissions must include detailed device description 
documentation, including the device components, ancillary reagents required but not 
provided, a detailed explanation of the methodology including primer/probe sequence, 
design, rationale for sequence selection and details of the antimicrobial agents, as 
applicable. 

2) Premarket notification submissions must include detailed documentation from the 
following analytical and clinical performance studies: limit of detection, inclusivity, 
precision, reproducibility, interference, cross reactivity, carry-over, and cross 
contamination, quality control and additional studies as applicable to specimen type and 
assay claims. 

 
3) Premarket notification submissions must include detailed documentation from an 

appropriate clinical study. The study, performed on a study population consistent with the 
intended use population, must compare the device performance to results obtained from 
well-accepted reference methods. 

 
4) Premarket notification submissions must include detailed documentation for device 

software, including, but not limited to, software applications and hardware-based devices 
that incorporate software. 
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5) The 21 CFR 809.10(b) compliant labeling must include limitations and protocols 
regarding the need for correlation of results by standard laboratory procedures as 
applicable. 

 
6) A detailed explanation of the interpretation of results and acceptance criteria must be 

included in the device’s 21 CFR 809.10(b)(9) compliant labeling. 
 

7) A detailed explanation of the principles of operation and procedures for assay 
performance and troubleshooting must be included in the device’s 21 CFR 809.10(b) 
compliant labeling. 

 
 

 




