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ABSTRACT

Diagnostic assays that rapidly identify bloodstream pathogens have the potential to improve
patient outcomes and antibiotic stewardship efforts. Current tests are based on the detection of
nucleic acids that are specific to a targeted pathogen or organism identification using mass
spectrometry. Most rapid assays require a positive blood culture as their sample input and
expedite pathogen identification by 24-72 hours. For those assays that also report detection of
drug resistance markers, information on anti-microbial resistance is expedited by 48-96 hours.
This learning unit reviews the basic principles of rapid microorganism identification assays for
bloodstream infections with the aim of assisting clinicians in the interpretation and optimal

utilization of test results.
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A 57-year-old man is admitted to the medical intensive care unit (ICU) for evaluation and
management of septic shock. The microbiology laboratory’s automated blood culture incubation
system detected microbial growth at 16 hours in blood culture bottles inoculated in the
emergency department. An initial gram stain result was issued stating “gram positive cocci in
clusters” and two hours later the laboratory reports “Staphylococcus aureus was detected by a
FDA-approved molecular method. The MecA gene was not detected.” An inpatient pharmacist
calls you to inform you of the result, and he recommends you consider tailoring the patient’s
empiric vancomycin therapy to cefazolin or nafcillin for treatment of methicillin-sensitive S.
aureus bacteremia.

How do you interpret these findings? Can you trust the organism identification and
prediction of methicillin susceptibility provided by the nucleic acid detection assay your hospital
laboratory recently began to run on positive blood culture bottles? Is this information actionable
or should you wait 48 hours until the laboratory determines the organism identification and
susceptibility pattern by conventional methods?

This learning unit aims to update clinicians on recent laboratory developments for the
diagnosis of bacterial or fungal bloodstream infections. Here we focus on the current Food &
Drug Administration (FDA)-approved tests, with a review of their clinical utility and suggested

optimal use for patient care.

The Need for More Rapid Identification of Bloodstream Pathogens

Delays in establishing a microbiologic diagnosis and in instituting effective antimicrobial
therapy for bloodstream infections lead to poor clinical outcomes. For example, a > 48-hour
delay in instituting effective therapy for enterococcal bacteremia carried a 5-fold increased risk
in 14-day mortality [1], while a > 12-hour delay in effective therapy for candidemia carried a 2-

fold increase in hospital mortality [2]. Organism identification by conventional methods (i.e.,

GTO0Z ‘Gz JequanoN uo 1senb Aq /Bio'sfeulnolploixopiio//:dny wouy papeojumoq


http://ofid.oxfordjournals.org/

culture on solid media followed by biochemical identification) can take 12-48 hours after growth
is first detected in the blood culture bottle. Additionally, standard phenotypic antimicrobial
susceptibility testing typically requires an additional 24-36 hours after organism isolation.
Molecular and proteomic methods have held great promise for expediting organism
identification and drug resistance detection. While rapid pathogen detection directly from a
blood specimen remains the ideal approach for septicemia diagnostics, most assays have
lacked the analytic sensitivity required for direct detection [3]. To date, only one assay has been
FDA-approved for pathogen detection and identification directly from blood (see T2Candida test
below). Alternatively, there are now multiple assays that enable rapid organism identification by
testing aliquots from positive blood culture bottles. We will review these new technologies in two
methodological groupings, nucleic acid-based detection tests and proteomic-based methods
using mass spectrometry (MS). We then conclude with a brief summary of the available clinical

outcomes data that demonstrate the utility and cost-effectiveness of these approaches.

Rapid Pathogen Identification by Nucleic Acid Detection

The Table summarizes currently available FDA-approved diagnostic assays that utilize
nucleic acid detection (i.e., molecular diagnostic tests) and their performance characteristics.
Peptide nucleic acid fluorescence in situ hybridization (PNA FISH) was one of the first methods
deployed in the clinical laboratory for the identification of organisms detected on the gram stain
from a positive blood culture bottle. PNA FISH utilizes a DNA probe that specifically hybridizes
to target pathogen ribosomal RNA [4]. Compared to conventional identification methods, the
AdvanDx (Woburn, MA) PNA FISH tests have demonstrated excellent clinical accuracy for
Staphylococcus aureus [4], Pseudomonas aeruginosa, Klebsiella pneumoniae, Escherichia coli
[5], E. faecalis and other Enterococci [6] as well as Candida albicans/glabrata/tropicalis [7]

(Table). Of note, PNA FISH test results must be determined by a trained technologist’s review of
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a stained slide under a fluorescent microscope, and these assessments can be subject to inter-
reader variability in visual discrimination of color fluorescence.

There are also two FDA-approved real-time PCR assays that detect S. aureus and
methicillin-resistant S. aureus from positive blood cultures: the GeneOhm StaphSR (BD,
Sparks, Maryland) and the Xpert MRSA/SA (Cepheid, Sunnyvale, CA) assays. Compared to
blood culture, both tests have clinical accuracy > 97% for detection of S. aureus and
differentiation of methicillin-resistance (Table) [8-10].

The Verigene assay (Nanosphere, Northbrook, IL) automates nucleic acid extraction
from positive blood culture broth followed by pathogen detection via hybridization onto a
microarray containing complementary nucleic acid targets for multiple bacterial pathogens.
Verigene has a gram-positive microarray panel (BC-GP) that includes detection of mecA for
Staphylococci and vanA/vanB for Entercocci as well a gram-negative microarray panel (BC-GN)
that likewise includes genotypic detection of drug resistance (Table). The clinical laboratory
selects which panel to test based on the gram stain morphology observed from the blood culture
bottle. BC-GP has demonstrated robust concordance with conventional identification methods
[11, 13-15]. However, multiple studies have described misidentifications of various
Streptococcus species (spp.) as Streptococcus pneumoniae (i.e., false positive for S.
pneumoniae) [11, 14, 16]. BC-GN has demonstrated robust concordance with conventional
identification methods in three of the larger representative studies (Table) [17-19].

Polymicrobial bloodstream infections pose a challenge for current rapid diagnostics. The BC-GP
and BC-GN typically detect at least one organism in mixed infections, and they identify all
organisms in approximately 60-76% [11, 13, 14] and 55-57% of polymicrobial broths,
respectively[17, 18]. Regarding resistance detection, BC-GP has demonstrated accuracy of 97-
100% for mecA detection and 96-100% accuracy for detection of vanA/vanB [11, 13, 14, 16].

The BC-GN showed 94-100% sensitivity and > 99.9% specificity for the 6 resistance genes
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included in the panel when compared to laboratory-developed PCR and bidirectional
sequencing [18].

The FilmArray Blood Culture Identification Panel (BCID, Biofire Diagnostics, Salt Lake
City, UT) uses a pouch-based platform to perform a closed system multiplex polymerase chain
reaction (PCR). The positive blood culture broth sample undergoes fully automated nucleic acid
extraction, followed by PCR amplification using a pool of nucleotide primers for the > 24
pathogens targeted by the assay (Table). Like the other platforms, the FilmArray BCID also has
demonstrated robust clinical accuracy compared to conventional identification methods [20-22].
In cases of polymicrobial bloodstream infection, BCID usually detects at least one organism in
the mixture and may correctly identify all organisms 50-80% of the time [21-23]. BCID has
demonstrated high accuracy of resistance detection of mecA (94-100%) and vanA/vanB
(100%), but kpc-harboring organisms have not been well-represented in the published
assessments to date [20-23].

The T2Dx platform’s T2Candida test (T2 Biosystems, Lexington, MA) is the first FDA-
approved assay for rapid identification of bloodstream infections that detects the pathogen
directly from patient whole blood specimens, without requiring incubation in blood culture broth.
This platform detects the five most common Candida spp. (Table) and integrates automated
DNA extraction followed by PCR amplification of Candida-specific ribosomal RNA targets. The
amplified nucleic acid product is detected by a novel method involving amplicon-induced
agglomeration of supermagnetic particles that is measured by T2 magnetic resonance
relaxation [24]. The assay’s limit of detection for Candida spp. is comparable to blood culture
(i.e., 1 colony forming unit [CFU]/mL for C. tropicalis and C. krusei, 2 CFU/mL for C. albicans
and C. glabrata, and 3 CFU/mL for C. parapsilosis). In a prospective clinical trial, assay
sensitivity was 91% and specificity > 99% [25].

As with any laboratory test, the impact of T2Candida results on clinician management

should depend upon the prevalence of the condition in a given patient population. The Figure
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demonstrates how even with a highly sensitive and specific test, the negative and positive
predictive values of a test result depend upon disease prevalence among a given patient
population. If the prevalence of candidemia is 3% in a typical ICU [26], then the positive
predictive value of the T2Candida test (i.e., the probability that the disease is present when the
test is positive) is close to 80%. Alternatively, a negative T2Candida result has a much higher
negative predictive value (= 99.7%). In the 3% prevalence scenario, a positive test requires
confirmation and negative results could potentially inform a decision to withhold empiric
antifungal therapy. Such considerations are crucial to proper utilization of these rapid

identification platforms.

Rapid Pathogen Identification by Mass Spectrometry

In the past 10 years, organism identification in the clinical microbiology laboratory has
been revolutionized by methods that utilize mass spectrometry to identify a microbe’s unique
ribosomal protein profiles. The most widely adopted mass spectrometry approach in clinical
microbiology is matrix-assisted laser desorption ionization, time-of-flight MS (MALDI-TOF MS,
reviewed in [27]). The most common application of MALDI-TOF MS is the identification of pure
microbial isolates grown by culture. Protein pattern matching by MALDI-TOF MS is more
accurate than conventional biochemical phenotypic testing and is faster and less expensive
than 16S DNA sequencing [28]. Two MALDI-TOF instruments are currently FDA-approved for
the identification of bacterial isolates from conventional culture on solid media (Microflex
Biotyper [Bruker Daltonics, Bellerica, MA] and Vitek Mass Spectrometry System [Vitek MS2;
bioMerieux, Lille, France]).

Though not an FDA-approved application, numerous studies have shown that MALDI-
TOF MS can be applied to broth media from a positive blood culture bottle, with a diagnostic
yield around 80% (range 74-98%) and a turn-around time of 20-60 minutes [29-33]. Of note, the

identification of yeast in positive blood culture broth by MALDI-TOF MS has been more
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challenging than identification of bacteria [34], though some studies show yeast identification
can be optimized with more involved protein extraction protocols [35]. Regarding performance
in the setting of polymicrobial bloodstream infections, MALDI-TOF MS often detects at least one
of the organisms, but rarely (<10% of cases) detects all organisms [23, 29-32].

While current MALDI-TOF MS systems cannot directly detect antimicrobial resistance,
MALDI-TOF MS can assess for beta-lactamases by incubating a cultured isolate with a given
antibiotic and then measuring drug metabolites of beta-lactamase mediated antibiotic
degradation [36, 37]. MALDI-TOF MS has also been incorporated into rapid antimicrobial
susceptibility testing algorithms. In these laboratory-developed protocols, centrifuged pellets
[38] or filtered lysates [39] of broth from a positive blood culture are processed for MS
identification and simultaneously inoculated into an FDA-approved automated susceptibility

instrument.

Cost-Effectiveness and Clinical Outcomes Data

Adoption of the above-mentioned rapid diagnostic assays requires a considerable capital
investment for the clinical laboratory and the cost-per-test of the nucleic acid detection assays is
typically higher than the cost of conventional microbiologic methods. Despite these differences,
cost savings are potentially derived from targeted de-escalation of empiric broad-spectrum
antimicrobial therapy (i.e., a decrease in pharmacy costs) [40-42] and from decreased hospital
length of stay [41, 43]. Most studies demonstrating cost savings have systematically integrated
rapid pathogen identification into an antimicrobial stewardship program [41, 43]. In fact, a
recent randomized study showed improved antimicrobial de-escalation with FilmArray BCID
coupled to real-time stewardship compared to FilmArray BCID coupled to standard laboratory
results reporting alone [44]. While more clinical outcomes data are needed, at least two studies

have demonstrated a mortality benefit for rapid pathogen identification direct from positive blood

GTO0Z ‘Gz JequanoN uo 1senb Aq /Bio'sfeulnolploixopiio//:dny wouy papeojumoq


http://ofid.oxfordjournals.org/

culture [6, 45], and this is consistent with the mortality benefit of expedited diagnosis of gram-

negative bacteremia using MALDI-TOF on blood culture isolates [46].

Conclusion

Rapid identification of bloodstream pathogens is now a reality with the various laboratory
systems discussed in this review. Most of these modalities still require growth detection in an
incubated blood culture, but novel FDA-approved nanotechnologies, like the T2Dx, or other
technologies on the horizon, such as PCR-electrospray ionization mass spectrometry and nano-
string, hold promise for the detection of bloodstream pathogens directly from whole blood
patient samples. More patient outcomes data are needed to assess the clinical impact of rapid
identification systems, but studies to date show these assays are cost-effective and are
associated with a mortality benefit when formally integrated into antibiotic stewardship programs
that act on the test results in near real-time.

Returning to the 57-year-old patient with methicillin-sensitive S. aureus bacteremia detected
from his positive blood culture by the hospital laboratory’s rapid molecular identification platform:
given the documented test performance for both organism identification and resistance
detection of the currently FDA-approved tests, these results are clinically actionable and
tailoring his antimicrobial therapy from empiric vancomycin to cefazolin or nafcillin is indicated

[47].

GTO0Z ‘Gz JequanoN uo 1senb Aq /Bio'sfeulnolploixopiio//:dny wouy papeojumoq


http://ofid.oxfordjournals.org/

10

REFERENCES

1.

Vergis EN, Hayden MK, Chow JW, et al. Determinants of vancomycin resistance and
mortality rates in enterococcal bacteremia. a prospective multicenter study. Ann Intern
Med 2001; 135(7): 484-92.

Morrell M, Fraser VJ, Kollef MH. Delaying the empiric treatment of candida
bloodstream infection until positive blood culture results are obtained: a potential risk
factor for hospital mortality. Antimicrob Agents Chemother 2005; 49(9): 3640-5.

Chang SS, Hsieh WH, Liu TS, et al. Multiplex PCR system for rapid detection of
pathogens in patients with presumed sepsis - a systemic review and meta-analysis. PL0oS
One 2013; 8(5): e62323.

Oliveira K, Procop GW, Wilson D, Coull J, Stender H. Rapid identification of
Staphylococcus aureus directly from blood cultures by fluorescence in situ hybridization
with peptide nucleic acid probes. J Clin Microbiol 2002; 40(1): 247-51.

Della-Latta P, Salimnia H, Painter T, et al. Identification of Escherichia coli, Klebsiella
pneumoniae, and Pseudomonas aeruginosa in blood cultures: a multicenter performance
evaluation of a three-color peptide nucleic acid fluorescence in situ hybridization assay. J
Clin Microbiol 2011; 49(6): 2259-61.

Forrest GN, Roghmann MC, Toombs LS, et al. Peptide nucleic acid fluorescent in situ
hybridization for hospital-acquired enterococcal bacteremia: delivering earlier effective
antimicrobial therapy. Antimicrob Agents Chemother 2008; 52(10): 3558-63.

Hall L, Le Febre KM, Deml SM, Wohlfiel SL, Wengenack NL. Evaluation of the Yeast
Traffic Light PNA FISH probes for identification of Candida species from positive blood

cultures. J Clin Microbiol 2012; 50(4): 1446-8.

GTO0Z ‘Gz JequanoN uo 1senb Aq /Bio'sfeulnolploixopiio//:dny wouy papeojumoq


http://ofid.oxfordjournals.org/

10.

11.

12.

13.

11

Stamper PD, Cai M, Howard T, Speser S, Carroll KC. Clinical validation of the
molecular BD GeneOhm StaphSR assay for direct detection of Staphylococcus aureus
and methicillin-resistant Staphylococcus aureus in positive blood cultures. J Clin
Microbiol 2007; 45(7): 2191-6.

Buchan BW, Allen S, Burnham CA. Comparison of the next-generation Xpert MRSA/SA
BC assay and the GeneOhm StaphSR assay to routine culture for identification of
Staphylococcus aureus and methicillin-resistant S. aureus in positive-blood-culture
broths. 2015; 53(3): 804-9.

Wolk DM, Struelens MJ, Pancholi P, et al. Rapid detection of Staphylococcus aureus and
methicillin-resistant S. aureus (MRSA) in wound specimens and blood cultures:
multicenter preclinical evaluation of the Cepheid Xpert MRSA/SA skin and soft tissue
and blood culture assays. J Clin Microbiol 2009; 47(3): 823-6.

Sullivan KV, Turner NN, Roundtree SS, et al. Rapid detection of Gram-positive
organisms by use of the Verigene Gram-positive blood culture nucleic acid test and the
BacT/Alert Pediatric FAN system in a multicenter pediatric evaluation. J Clin Microbiol
2013; 51(11): 3579-84.

Mestas J, Polanco CM, Felsenstein S, Dien Bard J. Performance of the Verigene Gram-
positive blood culture assay for direct detection of Gram-positive organisms and
resistance markers in a pediatric hospital. J Clin Microbiol 2014; 52(1): 283-7.

Samuel LP, Tibbetts RJ, Agotesku A, Fey M, Hensley R, Meier FA. Evaluation of a
microarray-based assay for rapid identification of Gram-positive organisms and

resistance markers in positive blood cultures. J Clin Microbiol 2013; 51(4): 1188-92.

GTO0Z ‘Gz JequanoN uo 1senb Aq /Bio'sfeulnolploixopiio//:dny wouy papeojumoq


http://ofid.oxfordjournals.org/

14.

15.

16.

17.

18.

19.

12

Wojewoda CM, Sercia L, Navas M, et al. Evaluation of the VVerigene Gram-positive
blood culture nucleic acid test for rapid detection of bacteria and resistance determinants.
J Clin Microbiol 2013; 51(7): 2072-6.

Buchan BW, Ginocchio CC, Manii R, et al. Multiplex identification of gram-positive
bacteria and resistance determinants directly from positive blood culture broths:
evaluation of an automated microarray-based nucleic acid test. PLoS medicine 2013;
10(7): €1001478.

Dodemont M, De Mendonca R, Nonhoff C, Roisin S, Denis O. Evaluation of Verigene
Gram-Positive Blood Culture Assay performance for bacteremic patients. Eur J Clin
Microbiol Infect Dis 2015; 34(3): 473-7.

Tojo M, Fujita T, Ainoda Y, et al. Evaluation of an automated rapid diagnostic assay for
detection of Gram-negative bacteria and their drug-resistance genes in positive blood
cultures. PL0oS One 2014; 9(4): e94064.

Ledeboer NA, Lopansri BK, Dhiman N, et al. Identification of Gram-Negative Bacteria
and Genetic Resistance Determinants from Positive Blood Culture Broths using the
Verigene Gram-Negative Blood Culture Multiplex Microarray-Based Molecular Assay. J
Clin Microbiol 2015.

Sullivan KV, Deburger B, Roundtree SS, Ventrola CA, Blecker-Shelly DL, Mortensen
JE. Pediatric multicenter evaluation of the Verigene gram-negative blood culture test for
rapid detection of inpatient bacteremia involving gram-negative organisms, extended-

spectrum beta-lactamases, and carbapenemases. J Clin Microbiol 2014; 52(7): 2416-21.

GTO0Z ‘Gz JequanoN uo 1senb Aq /Bio'sfeulnolploixopiio//:dny wouy papeojumoq


http://ofid.oxfordjournals.org/

20.

21.

22,

23.

24,

25.

26.

27.

13

Blaschke AJ, Heyrend C, Byington CL, et al. Rapid identification of pathogens from
positive blood cultures by multiplex polymerase chain reaction using the FilmArray
system. Diagn Microbiol Infect Dis 2012; 74(4): 349-55.

Altun O, Almuhayawi M, Ullberg M, Ozenci V. Clinical evaluation of the FilmArray
blood culture identification panel in identification of bacteria and yeasts from positive
blood culture bottles. J Clin Microbiol 2013; 51(12): 4130-6.

Zheng X, Polanco W, Carter D, Shulman S. Rapid identification of pathogens from
pediatric blood cultures by use of the FilmArray blood culture identification panel. J Clin
Microbiol 2014; 52(12): 4368-71.

Rand KH, Delano JP. Direct identification of bacteria in positive blood cultures:
comparison of two rapid methods, FilmArray and mass spectrometry. Diagn Microbiol
Infect Dis 2014; 79(3): 293-7.

Neely LA, Audeh M, Phung NA, et al. T2 magnetic resonance enables nanoparticle-
mediated rapid detection of candidemia in whole blood. Science translational medicine
2013; 5(182): 182ra54.

Mylonakis E, Clancy CJ, Ostrosky-Zeichner L, et al. T2 magnetic resonance assay for the
rapid diagnosis of candidemia in whole blood: a clinical trial. Clin Infect Dis 2015; 60(6):
892-9.

Ostrosky-Zeichner L, Sable C, Sobel J, et al. Multicenter retrospective development and
validation of a clinical prediction rule for nosocomial invasive candidiasis in the intensive
care setting. Eur J Clin Microbiol Infect Dis 2007; 26(4): 271-6.

Patel R. Matrix-assisted laser desorption ionization-time of flight mass spectrometry in

clinical microbiology. Clin Infect Dis 2013; 57(4): 564-72.

GTO0Z ‘Gz JequanoN uo 1senb Aq /Bio'sfeulnolploixopiio//:dny wouy papeojumoq


http://ofid.oxfordjournals.org/

28.

29.

30.

31.

32.

33.

34,

14

Tan KE, Ellis BC, Lee R, Stamper PD, Zhang SX, Carroll KC. Prospective evaluation of
a matrix-assisted laser desorption ionization-time of flight mass spectrometry system in a
hospital clinical microbiology laboratory for identification of bacteria and yeasts: a
bench-by-bench study for assessing the impact on time to identification and cost-
effectiveness. J Clin Microbiol 2012; 50(10): 3301-8.

Ferroni A, Suarez S, Beretti JL, et al. Real-time identification of bacteria and Candida
species in positive blood culture broths by matrix-assisted laser desorption ionization-
time of flight mass spectrometry. J Clin Microbiol 2010; 48(5): 1542-8.

Kok J, Thomas LC, Olma T, Chen SC, Iredell JR. Identification of bacteria in blood
culture broths using matrix-assisted laser desorption-ionization Sepsityper and time of
flight mass spectrometry. PLoS One 2011; 6(8): e23285.

Fothergill A, Kasinathan V, Hyman J, Walsh J, Drake T, Wang YF. Rapid identification
of bacteria and yeasts from positive-blood-culture bottles by using a lysis-filtration
method and matrix-assisted laser desorption ionization-time of flight mass spectrum
analysis with the SARAMIS database. J Clin Microbiol 2013; 51(3): 805-9.

Chen JH, Ho PL, Kwan GS, et al. Direct bacterial identification in positive blood cultures
by use of two commercial matrix-assisted laser desorption ionization-time of flight mass
spectrometry systems. J Clin Microbiol 2013; 51(6): 1733-9.

Morgenthaler NG, Kostrzewa M. Rapid identification of pathogens in positive blood
culture of patients with sepsis: review and meta-analysis of the performance of the
sepsityper kit. International journal of microbiology 2015; 2015: 827416.

Schieffer KM, Tan KE, Stamper PD, et al. Multicenter evaluation of the Sepsityper

extraction kit and MALDI-TOF MS for direct identification of positive blood culture

GTO0Z ‘Gz JequanoN uo 1senb Aq /Bio'sfeulnolploixopiio//:dny wouy papeojumoq


http://ofid.oxfordjournals.org/

35.

36.

37.

38.

39.

15

isolates using the BD BACTEC FX and VersaTREK((R)) diagnostic blood culture
systems. J Appl Microbiol 2014; 116(4): 934-41.

Lavergne RA, Chauvin P, Valentin A, et al. An extraction method of positive blood
cultures for direct identification of Candida species by Vitek MS matrix-assisted laser
desorption ionization time of flight mass spectrometry. Med Mycol 2013; 51(6): 652-6.
Sparbier K, Schubert S, Weller U, Boogen C, Kostrzewa M. Matrix-assisted laser
desorption ionization-time of flight mass spectrometry-based functional assay for rapid
detection of resistance against beta-lactam antibiotics. J Clin Microbiol 2012; 50(3): 927-
37.

Lasserre C, De Saint Martin L, Cuzon G, et al. Efficient Detection of Carbapenemase
Activity in Enterobacteriaceae by Matrix-Assisted Laser Desorption lonization-Time of
Flight Mass Spectrometry in Less Than 30 Minutes. J Clin Microbiol 2015; 53(7): 2163-
71.

Wimmer JL, Long SW, Cernoch P, et al. Strategy for rapid identification and antibiotic
susceptibility testing of gram-negative bacteria directly recovered from positive blood
cultures using the Bruker MALDI Biotyper and the BD Phoenix system. J Clin Microbiol
2012; 50(7): 2452-4.

Machen A, Drake T, Wang YF. Same day identification and full panel antimicrobial
susceptibility testing of bacteria from positive blood culture bottles made possible by a
combined lysis-filtration method with MALDI-TOF VITEK mass spectrometry and the

VITEK2 system. PL0oS One 2014; 9(2): e87870.

GTO0Z ‘Gz JequanoN uo 1senb Aq /Bio'sfeulnolploixopiio//:dny wouy papeojumoq


http://ofid.oxfordjournals.org/

40.

41.

42.

43.

44,

45.

46.

16

Alexander BD, Ashley ED, Reller LB, Reed SD. Cost savings with implementation of
PNA FISH testing for identification of Candida albicans in blood cultures. Diagn
Microbiol Infect Dis 2006; 54(4): 277-82.

Wong JR, Bauer KA, Mangino JE, Goff DA. Antimicrobial stewardship pharmacist
interventions for coagulase-negative staphylococci positive blood cultures using rapid
polymerase chain reaction. Ann Pharmacother 2012; 46(11): 1484-90.

Bilir SP, Ferrufino CP, Pfaller MA, Munakata J. The economic impact of rapid Candida
species identification by T2Candida among high-risk patients. Future microbiology 2015;
10: 1133-44.

Perez KK, Olsen RJ, Musick WL, et al. Integrating rapid pathogen identification and
antimicrobial stewardship significantly decreases hospital costs. Arch Pathol Lab Med
2013; 137(9): 1247-54.

Banerjee R, Teng CB, Cunningham SA, et al. Randomized Trial of Rapid Multiplex
Polymerase Chain Reaction-Based Blood Culture Identification and Susceptibility
Testing. Clin Infect Dis 2015.

Perez KK, Olsen RJ, Musick WL, et al. Integrating rapid diagnostics and antimicrobial
stewardship improves outcomes in patients with antibiotic-resistant Gram-negative
bacteremia. J Infect 2014; 69(3): 216-25.

Huang AM, Newton D, Kunapuli A, et al. Impact of rapid organism identification via
matrix-assisted laser desorption/ionization time-of-flight combined with antimicrobial
stewardship team intervention in adult patients with bacteremia and candidemia. Clin

Infect Dis 2013; 57(9): 1237-45.

GTO0Z ‘Gz JequanoN uo 1senb Aq /Bio'sfeulnolploixopiio//:dny wouy papeojumoq


http://ofid.oxfordjournals.org/

17

47. Schweizer ML, Furuno JP, Harris AD, et al. Comparative effectiveness of nafcillin or
cefazolin versus vancomycin in methicillin-susceptible Staphylococcus aureus

bacteremia. BMC infectious diseases 2011; 11: 279.

Funding: N/A

Potential Conflicts of Interest: KEH serves on an advisory board for Biofire Diagnostics, and
reports research grant support from Biofire Diagnostics. All authors have submitted the ICMJE
for Disclosure of Potential Conflicts of Interest. Conflicts that the editors consider relevant to the

content of the manuscript have been disclosed.

Acknowledgments: None.

GTO0Z ‘Gz JequanoN uo 1senb Aq /Bio'sfeulnolploixopiio//:dny wouy papeojumoq


http://ofid.oxfordjournals.org/

18

Table: Food & Drug Administration approved diagnostic assays that utilize nucleic acid detwor the rapid identification
of bloodstream pathogens ‘
L £
Assay Pathogens Targeted/Reported Resistance  Clinical Sensiti Turn Around  References

(Manufacturer) Detection Accuracy® Specificity (SP) Time (hours)*
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(BD)

StaphSR

Verigene

(Nanosphere)
Gram-Positive
Blood Culture

Test (BC-GP)

Gram-Negative
Blood Culture

Test (BC-GN)

S. aureus

S. aureus, S. epidermidis, S. lugdunensis,
S. anginosus Group, S. agalactiae, S.

pneumoniae, S. pyogenes, E. faecalis, E.
faecium, Listeria spp., Micrococcus spp.?,

Staphylococcus spp., Streptococcus spp.

E. coli, K. pneumoniae, K. oxytoca, P.

aeruginosa, S. marcescens”, Acinetobacter

mec insertion 97%

site

mecA, vanA, 95%

vanB

CTX-M, IMP,
KPC, NDM, 95%

OXA, VIM

SN 99%/SP 97%

g
3
o
8
&
5}
3
=
-
)

:
<
e
:
SN 86-100%/SP 99-100@6 2.5 11-15
&)
SN 88-100%/SP 99- 2 17-19

100%15-16
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spp., Citrobacter spp., Enterobacter spp.,

Proteus spp.

T2MR

(T2 Biosystems) C. albicans, C. glabrata, C. @ C. SN 91%/SP 99%

T2Candida parapsilosis, C. tropic
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Panel

@)
Q

Note: Contents of this table are not intended to be an exhaustive list, and reader should note that several adglitional platforms not
listed here are seeking or pending FDA approval. Performance of resistance marker detection is not include%in this Table. For the
multiplex assays, both polymicrobial and monomicrobial culture results are included in these calculations.
FAccuracy defined as agreement (concordance) with blood culture result.

# Time is the assay run time on the instrument.

S feuwno paoxop1joy/:dny w

+AdvanDx also now offer QuickFISH product line for many of the following PNA FISH assays. QuickFISH hgve reported turn-around

time of 20 minutes. %
[©]
*PNA FISH also have FDA-approved assays for rapid identification of C. albicans and C. albicans vs. C. glaBrata.

AMicrococcus spp. is not an FDA-approved analyte on the Verigene BC-GP panel and S. marcescens is notzan FDA-approved

GTOZ ‘G2 Rgueno

analyte on the Verigene BC-GN panel.
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O
Q
Figure: Predictive values of T2Candida test by function of disease prevalence in the tested patient pé-pulation.
8
Using the published clinical sensitivity (91%) and specificity (99%) of the T2Candida test, this graph plots th%variation of the negative

w

predictive value (NPV [triangle plots]) and positive predictive value (PPV [square plots]) across a range of digease prevalence.

GTO0Z ‘Gz JequanoN uo 1senb Aq /B1o'seulnolploixopiio,
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