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Objectives

ÅDiscuss current rapid AST methods

ÅEvaluate clinical impact of rapid AST

ÅAssess future rapid AST technologies



Abbreviations

ÅAbx - antibiotics

ÅAST ïantimicrobial susceptibility testing

ÅBMD ïbroth microdilution

Å CA ïcategorical (interpretation) agreement

Å DD ïdisk diffusion (Kirby-Bauer)

Å EA ïessential agreement (MIC ±1 dilution)

Å ID ïidentification (of organisms)

ÅLOS ïlength of stay

ÅMIC ïminimal inhibitory concentration

ÅTTR ïtime to results



DRUG RESISTANCE IS BAD, MõKAY?

https://wiki.southpark.cc.com/wiki/Mr._Mackey



Antibiotic resistance

ÅIncreasing concern over antibiotic resistant organisms

ÅMorbidity and mortality despite a wide array of antibiotics

ÅRapid Antimicrobial Susceptibility Testing (AST) should 

help improve antibiotic use and patient outcomes.

WHO Abx-R Priority List

Tacconelli17LancetID 18:318



How rapid is ñrapidò?

Eigner05JCM 43:3829, 

longitudeprize.org

Å Standard reference Antimicrobial Susceptibility Testing (AST) methods 

require ~18-24h incubation to interpret

ï Not ñrapidò

Å Are AST results in 12h ñrapidò?

ï BD Phoenix AST average time to result (TTR) is ~12h

Å 8h?

ï bioMerieux Vitek2 AST average TTR is ~8.5h

Å 6h?

ï BD Phoenix AST TTR range is ~6-16h (Microscan G+ similar)

Å 4h?

ï bioMerieux Vitek2 AST TTR range is ~4-10h (Microscan G- similar)

Å This is as fast as current commercial phenotypic AST getsé

Å Current molecular methods can be faster, but donôt give full AST

Å Longitude Prize (£8 million): <30min, POC Dx, usable anywhere, 

affordable, right antibiotic at the right time



Commercial rapid molecular ñASTò

Å Methicillin resistance in S. aureus, mecA

Å Vancomycin resistance in Enterococcus, vanA/B

Å Rifampin resistance in M. tuberculosis, rpoB

Å Multiplex tests for blood cultures

ï Rapid ID plus limited resistance gene detection: mecA, vanA/B, select ɓ-
lactamases (common carbapenemases, ± limited ESBL)

Å Multiplex test for respiratory specimens

ï Rapid ID plus somewhat broader resistance gene detection: mecA, vanA/B, 
common carbapenemases, limited ESBL, ermB (macrolide/lincosamide), 
sul1 (sulfonamide), gyrA (quinolone)

Å Non-FDA-cleared DNA microarrays, multiplex PCRs

ï multiple ɓ-lactamases (AmpC, ESBL, carbapenemases)

Å WGS looks promising, but no commercial AST kits yet



Molecular ñASTò Pros/Cons

ÅPros

ïSpeed

ïSensitivity

ïDirect from sample

ïDonôt require pure culture

ÅCons

ïExquisitely targeted (false neg/false susceptible)

ïDetection not directly tied to function (false pos/false resistant)

ïNo minimal inhibitory concentration (MIC)

ïCost

ïSupplemental nature of results (still want ñfull ASTò)



Do clinicians respond to rapid molecular tests?

Å No significant difference in mortality, LOS, time on Abx, extra Dx procedures, and 

increased costs significantly.  

Å Clinicians hesitant to stop antibiotics based on +viral PCR

Å Faster ID and appropriate therapy, but no significant difference in mortality or LOS

Å Clinicians hesitant to stop abx based on rapid molecular breakpoint AST (15h faster)



Å Individual contributions of Abx stewardship and rapid ID/ñASTò
ï ~100 pts in each intervention.  Significantly (40h) faster ID, time to effective therapy.

ï No significant difference pre/post stewardship or BCID for mortality, 30-day 

readmission, ICU LOS, post-culture LOS, or costs.

ï Noted a ñpotential hesitancy of providers to narrow the spectrum of antimicrobial 

activity based on the PCR result alone, prior to [AST] results.ò

MacVane16JCM 54:2455
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Not a new phenomenon

ñTo affect outcomes significantly, 

however, efficient clinical follow-

up must be ensured, which 

probably warrants workflow 

changes in other hospital 

departmentséò

ñClinicians appear to have been reluctant to modify initial empiric therapies, 
however, despite the availability of the rapid antimicrobial susceptibility report.ò

ñThere is still an understandable physician reluctance to modify existing therapy to a 

less expensive, equally efficacious agent in light of a favorable patient response.ò

Å ñrapidò in 1993 was not that different than now

ï 9-10h then, 7-8h today



Kumar06CritCareMed 34:1589 Sterling15CritCareMed 43:1907

Antibiotics >/< 3h from ED triage

Antibiotics >/< 1h from recognition of shock

Rapid vs. mortality

ÅRapid antibiotics should

reduce mortality
\ rapid AST results should also 

reduce mortality

ÅShouldnôt they?

Time to BC 

positivity

7
.6

%
/h

r

Affecting mortality with AST is a challenge!



So why do we expect better outcomes from rapid AST?

ÅProspective, random(ish), all culture types, 300pts/group

ÅAutomated phenotypic AST ~16h faster, ID ~8h faster than 
conventional testing

ïID in 11h, AST in 9.6h

ïNo MICs, just S/I/R

ÅSignificant improvement in mortality, ICU LOS, ventilator 
days, # procedures, and costs, but not overall LOS.



Even rapid gram stain has a mortality impact

<1h

TAT

Ó1h 

TAT

Differ

ence

P 

value

Time to detection (h) 13.7 13.6 0.1 0.7860

Gram stain TAT (h) 0.1 3.3 ï3.2 <.0001

Mortality rate (%) 10.1 19.2 ï9.1 0.0389

Length of stay (d) 11.0 10.5 0.5 0.6936

Positive length of stay (d)* 7.9 7.7 0.2 0.7920

Variable costs ($) 9,543 9,361 182 0.9150

Male sex (% of group) 47 49 ï2 0.7773

Age (y) 69.2 66.6 2.6 0.3054

* The number of days between the date the culture became 

positive and the date of discharge.

ÅNo difference in time to appropriate abx

Barenfanger08AJCP 130:870

ÅPositive blood cultures



Rapid molecular Dx?

Å Meta-analysis of mortality benefit in BSI, 31 

studies, ~6k patients

ï Only 2 RCT, 2 case-control

Å PCR, multiplex-PCR, MALDI-TOF, PNA-FISH 

from positive BC

Å Numerical reduction of mortality with rapid 

identification (± ñASTò)

Å Not statistically significant without 

accompanying antibiotic stewardship

ï ñTo affect outcomes significantly, however, efficient 

clinical follow-up must be ensuredéò Bruins05EJCMID

Å Overall, rapid results do have clinical impact

ï Time to results, and to a lesser extent, time to 

appropriate antibiotics are typically significantly 

better with rapid testing

ï Length of stay, costs are often significantly reduced

ï Mortality is frequently not significantly reduced

Å Canôt expect a rapid molecular result alone 

to reduce mortality

Timbrook17CID 64:15

ASP

No ASP

Overall



Will rapid phenotypic AST be different?

ÅHow fast can it be?

ïLimited by growth rate

ïCurve is dependent on

ÅOrganism

ÅGrowth medium

ÅEnvironment

ïShould be <4h (current commercial minimum)

ÅWill clinicians be more comfortable with these results 

than current partial/supplemental molecular tests?

ïIdeally ófull panelô results generated that do not need 

confirmation with traditional AST

lag log stationary death



Rapid Disk Diffusion

Å Multiple studies since the 1970s
ï Reasonably high agreement at 4-8h vs. o/n reads, even directly from blood cultures

ï So why arenôt we doing this every day? Ą Not ñStandardizedò?

Å CLSI 
ï Chandrasekaran et al: preliminary study

Å 20 GNR isolates, multiple labs, direct BC inoculum, read with current breakpoints at 

6 and 18h
ï No dilution, washing, centrifugation, etc ïjust BC broth smeared on plate!

Å 20 drugs evaluated

Å CA was modest at 6h (~70%) vs. BMD, 20% were not readable at 6h

Å Studies ongoing to establish recommendations

Å EUCAST Rapid AST (RAST)
ï Current guidelines for short incubation (4, 6, 8h) AST directly from BC bottles

ï Validated for the following species:
Å Escherichia coli

Å Klebsiella pneumoniae

Å Pseudomonas aeruginosa

Å Acinetobacter baumannii

Å Staphylococcus aureus

Å Enterococcus faecalis and Enterococcus faecium

Å Streptococcus pneumoniae

ï Limited # of drugs

Chandrasekaran18JCM 56:e01678, Jonasson18ECCMID #O0747, 

http://www.eucast.org/rapid_ast_in_blood_cultures/



EUCAST RAST
ÅDisk diffusion with early reads direct from positive BCs

ïInoculate plates w/ pos BC fluid

ï Incubate on MH/MH-F agar

Å% readable at early timepoints

ÅIf zones not obvious, reincubate

ÅMaximum incubation = 8h

ïOrganism- and time-specific breakpoints

Å4-8 drugs validated for each organism, more to come for GNRs

ÅNeed to know ID before reporting Ą Rapid molecular/MALDI-TOF

ïArea of Technical Uncertainty: less separation of S & R with 
short incubation. Report as ñSusceptible, increased exposureò

ïDuring implementation, QC should be performed for the entire 
process: spike BC bottles containing sheep/horse blood, set up 
per protocol when flagged positive, evaluate using RAST-
specific QC ranges

http://www.eucast.org/rapid_ast_in_blood_cultures/

Organism 4h (%) 6h (%) 8h (%)

Escherichia coli 90 99 99

Klebsiella pneumoniae 96 98 98

Pseudomonas aeruginosa - 88 97

Acinetobacter baumannii 99 100 100

Staphylococcus aureus 55* 91 95

Enterococcus faecalis 93 99 100

Enterococcus faecium 44 93 99

Streptococcus pneumoniae 68 83 95

* Fox/gent easy, clinda/norflox harder 



Accelerate Pheno BC

Price14JMM 98:50, acceleratediagnostics.com

ÅFDA cleared system for automated ID/AST 
from positive blood cultures

Å Gel electrofiltration cleanup and electrostatic 
immobilization of bacteria

Å Automated quantitation and dilution

Å Automated microscopy of cells grown with 
and without antibiotics

Å ID in ~90 min (automated FISH, 6 G+, 8 G-, 2 
yeast)

Å AST in ~7h (8 G+, 12 G- drugs)

ïMIC extrapolated from growth characteristics

Å1 sample per instrument ($250/sample, 
$120k instrument list price)



Accelerate performance

ÅNumerous analytical performance studies

ïEarly problems with invalid results

Åsoftware updates improved performance

ïGood categorical and MIC agreement

ïFaster than óstandard of careô AST
ÅMost did not compare to órapidô standard AST (short incubation óscumô 

plates, BC broth processing, direct disk diffusion)

ÅOutcome studies

ïMost have focused on óstewardshipô outcomes

ïMost showed reduced time to optimal therapy

ÅNot always improvements in time to active therapy

ï~70-90% of patients are on appropriate empiric Rx before testing

ïSome showed decreased time to Abx de-escalation/escalation

Brazelton deCárdenas17DMID 89:52, Marschal17JCM 55:2116, Charnot-Katsikas18JCM 56:e01166, Pancholi18JCM 56:e01329, Pantel18JAC 73:1546 



Accelerate outcomes

Pearson19IDWeek #2137; Banerjee19IDWeek#640
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21% CRPA

Å Pearson et al poster:
ïPre-post intervention; 24-7 Accelerate testing (± Real-

Time calls to ASP) vs. standard O/N subculture-based 

ID/AST.
ÅSignificant óstewardshipô outcomes: time to/# on optimal Rx 

(-1d), days of Rx (-0.8,-1.6d), broad GN Rx (-1.5d), broad GP 

Rx/Vm (-1d, RT-only), narrow b-lactam Rx (+1d, RT-only)

ÅOverall LOS after BC collection decreased significantly 

(-0.6,-1.4d), but ICU LOS did not (+0.5,+0.6d)

ÅCost not evaluated: 19% off-panel Ą 17% polymicrobial

(excl.) = ~1/3 of runs excluded. 46% CoNS.

Å Banerjee et al poster:
ïMulti-center prospective RCT, Gram negative BSI
ÅSig lower time to 1st GN Abx mod/de/escalation

ÅICU duration, C. diff/MDRO aquisition, LOS, mortality: Not 

Significantly different
ï Rapid group: more in ICU at randomization, ŷ CRPA, ŷLOS and

ŷ mortality (NonSig).

ï Sicker patients in rapid group? Charleston comorbidity/Pitt 

bacteremia scores ~same


