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Objectives

A Discuss current rapid AST methods

A Evaluate clinical impact of rapid AST

A Assess future rapid AST technologies




Abbreviations
A Abx - antibiotics
A AST i antimicrobial susceptibility testing
A BMD i broth microdilution
A CA' categorical (interpretation) agreement
DD 1 disk diffusion (Kirby-Bauer)
EAT essential agreement (MIC £1 dilution)
ID 1 identification (of organisms)
LOS T length of stay

MIC T minimal inhibitory concentration

To o T T TIo I

TTR T time to results
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Antibiotic resistance

A Increasing concern over antibiotic resistant organisms
A Morbidity and mortality despite a wide array of antibiotics

A Rapid Antimicrobial Susceptibility Testing (AST) should
help improve antibiotic use and patient outcomes.

WHO Abx-R Priority List

Acinetobacter baumannii, (R [ I | | I [T 91-0% (5-2%)
Psaudomaonas aeuginasa, (R I | I | I I I £17% (6-3%)
Escherichia coli, 3GCR I I | I I I 76-5% (B-1%)
Kebsiella spp. 3GCR I [ o I I I 765% (3-1%)
Klebsiella spp. CR [ [ I I [T 70-3% (8-5%)
Enterobacter spp, 3GCR I 1 I [ IR ©3-0% (7-B%)
Saratia spp. 3GCR I — — ] 652% (8-1%)
Proteus spp, 3GCR I I [T 59-7% (3-5%)
Enterabacter spp. CR | 1 I 58-7% (10-6%)
.g Escherichia cdli, CR [ I [T 55-4% (11-0%)
b Providencia spp, 3GCR T I I [ 5 4-6% (9-9%)
‘E Ente:acnrrmfﬂerium\"l?: I I I [T 54-5% (7-2%)
e Staphylococcus aureus, MR | I I I | 527% (11.2%)
E Citrobacter spp, 3GCR 517% (10-1%)
E Morgandla spp. 3GCR 45.0% (11-1%)
E‘ Hdicobacter pylori, Clak 44-8% (10-1%)
Campylobacter spp, FQR 41-0% (7-8%)
Salmonella Typhi, FOR [T I I I 37-6% (9-2%) [ Treatability
Neisseria gonorrhoeae, FQR 35.8% (8-9%) [ Mortality
Streptococars pnevmaniae PNS: I I | I | 33.2% (9-9%) E ?;ﬂ:‘;{w;im
Mon-typhoidal salmonella, FQR_ | I | ] 32.3% (6-8%) [ Prevalence of resistance
Haemaphilus influenzae, AmpR I || | 26-4% 7-1%) [ Transmissibility
Neissaiugnnmhrxu& 3GER__:|:|:| 26.2% (8.1%) E Egew:;ﬁ;:;d::ahh-cam setting
Shigella spp, FQR_::l:_ 22.9% (6-5%) I Pipeline
Staphylococcus aureus, VR I R 22.1% (67%) [ Preventability in community setting
o ].!U EIU 3|U 40 SIU' SIU' ?IU EIU BIU 160
Tacconellil7LancetID 18:318 Final weight (%)
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How rapid I s 0nr a

Standard reference Antimicrobial Susceptibility Testing (AST) methods
require ~18-24h incubation to interpret o

I Not Arapi do

Are AST results i n 12h
I BD Phoenix AST average time to result (TTR) is ~12h
8h?

I bioMerieux Vitek2 AST average TTR is ~8.5h W &F

6h? " g
I BD Phoenix AST TTR range is ~6-16h (Microscan G+ similar)

4h?

I bioMerieux Vitek2 AST TTR range is ~4-10h (Microscan G- similar)
This I s as fast as current commerc

Current mol ecul ar met hods can be f

Longitude Prize (£8 million): <30min, POC Dx, usable anywhere,
affordable, right antibiotic at the right time

18 November 2014 14 November 2018 30 January 2020 2015 - 2020

The Longitude Prize opened Longitude Prize extension Next Longitude assessment First team to successfully

Eigner05JCM 43:3829,

for submissions announced deadline meet the criteria wins the longitudeprize.org

(every four months) Prize

i




o To Do I

Commer ci al rapi d mo

Methicillin resistance in S. aureus, mecA
Vancomycin resistance in Enterococcus, vanA/B
Rifampin resistance in M. tuberculosis, rpoB

Multiplex tests for blood cultures

i Rapid ID plus limited resistance gene detection: mecA, vanA/B, select b-
lactamases (common carbapenemases, + limited ESBL)

Multiplex test for respiratory specimens

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

Non-FDA-cleared DNA microarrays, multiplex PCRs

I multiple b-lactamases (AmpC, ESBL, carbapenemases)

WGS looks promising, but no commercial AST kits yet




Mol ecul ar NASToOo Pr

A Pros

Speed
Sensitivity
Direct from sample

Dondét require pure culture

A Cons

Exquisitely targeted (false neg/false susceptible)
Detection not directly tied to function (false pos/false resistant)
No minimal inhibitory concentration (MIC)

Cost

Suppl ement al nature of results (s




Do clinicians respond to rapid molecular tests?

Clinical Infectious Diseases  2005;41:1438-44

Impact of Rapid Detection of Viral and Atypical
Bacterial Pathogens by Real-Time Polymerase
Chain Reaction for Patients with Lower Respiratory
Tract Infection

Jan Jelrik Oosterheert,' Anton M. van Loon?* Rob Schuurman,> Andy I. M. Hoepelman,'® Eelko Hak,®
Steven Thijsen® George Nossent® Margriet M. E. Schneider,! Willem M. N. Hustinx,” and Marc J. M. Bonten'**

Division of Medicine, 'Department of Internal Medicine and Infectious Diseases and “Department of Virology, “Eijkman Winkler Institute

for Infectious Diseases, Microbiology, and Inflammation, *Julius Center for Health Sciences and Primary Care, and *Department of Respiratory
Medicine, University Medical Center, and Departments of "Medical Microbiology and “Internal Medicine, Diakonessenhuis Utrecht, Utrecht,
The Netherlands

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

increased costs significantly.
A Clinicians hesitant to stop antibiotics based on +viral PCR

Eur J Clin Microbiol Infect Dis (2015) 34:831-838
DOI 10.1007/s10096-014-2299-0

ARTICLE

Impact of same-day antibiotic susceptibility testing on time

to appropriate antibiotic treatment of patients with bacteraemia:
a randomised controlled trial

J. Beuving - P. F. GG. Wolffs - W. L. J. Hansen -

E. E. Stobberingh - C. A. Bruggeman « A. Kessels «
A. Verbon

A Faster ID and appropriate therapy, but no significant difference in mortality or LOS
A Clinicians hesitant to stop abx based on rapid molecular breakpoint AST (15h faster)
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Benefits of Adding a Rapid PCR-Based Blood Culture Identification
Panel to an Established Antimicrobial Stewardship Program

©'shawn H. MacVane,®® Frederick S. Nolte®
Department of Pharmacy,” Division of Infectious Diseases,” and Department of Pathology and Laboratory Medicine,” Medical University of South Caroling, Charleston,
South Carolina, USA

A Individual contributions of Abxst ewar dshi p and rapid
I ~100 pts in each intervention. Significantly (40h) faster ID, time to effective therapy.
T No significant difference pre/post stewardship or BCID for mortality, 30-day
readmission, ICU LOS, post-culture LOS, or costs.
I Not ed a ihgsitahceg of praviders to narrow the spectrum of antimicrobial

hY

activity based on the PCR result alone, priorto[| AST] resul ts. o

(O = Blood culture positivity [J]= Organism identification & = Antimicrobial susceptibility report g = Effective therapy W = De-escalation

MacVanel6JCM 54:2455



Not a new phenomenon

DIAGN MICROBIOL INFECT DIS
1993;16:237-243

The Impact of Same-Day Tests versus
Traditional Overnight Testing

Paul A. Granato

nClinicians appear to have been reluctan
however, despite the availability of the rapid antimicrobial susceptibility report. 0

AT h er e aniusderstandabld physician reluctance to modify existing therapy to a
less expensive, equally efficacious agent in light of a favorable patientr e s pons e.
A drapido in 1993 was not that different

T 9-10h then, 7-8h today

Eur J Clin Microbiol Infect Dis (2005) 24: 305-313
DOI 10.1007/s10096-005-1309-7

ARTICLE nNTo affect out coa

however, efficient clinical follow-

M. Bruins - H. Oord - P. Bloembergen - up must be ensured, Wh|Ch

M. Wolfthagen - A. Casparie - J. Degener - G. Ruijs
Lack of effect of shorter turnaround time of microbiological

procedures on clinical outcomes: a randomised controlled
trial among hospitalised patients in the Netherlands

probably warrants workflow
changes in other hospital
departmentsé 0
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Rapid vs. mortality

A Rapid antibiotics should

reduce mortality
\ rapid AST results should also
reduce mortality

AShoul dnot

= survival fraction ]
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----- artimicroial i tion
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7.6%/hr
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== cumulative gffective - B)

Antibiotics >/< 3h from ED triage

Ferrer (2014)

Puskarich (2011)

Galeski (2010)

Vilella (2014)

Joo (2015)

Bruce (2015)

Pooled OR

f
22

' 1.23(1.14, 1.32
- 0.51 (0.2, 1.10
5 1.30 (0.70, 2.38
- 0.790.35, 1.73
_._._ 1.54 (0.99, 2.39
- 1.24 (0.49, 296
_@—' 1.16 (0.92 1.46)
0 1 2 :

Odds Ratio (95% Confidence Interval)

Antibiotics >/< 1h from recognition of shock

Ferrer (2014)

Puskarich (2011)

Gaieski (2010)

1.07 (0.95, 1.20)

0.77 (0.35, 1.68)

1.65(0.93, 2.89)

fraction of total patients

0.4 1 Ferrer (2009) R B 1.43(1.14, 1.78)
Kumar (2006) > —f}— 7.33544.997)
0.2
Yokota (2014) | 1.13 (0,68, 1.85)
0.0 - - g Ryoo (2015) - 1.09 (0.64. 1.86)
%, % % R % N %, R0 %5, Ry R, W
T % % P e B D % "G Pg g Bloos (2014) k 1.06 (0.74, 1.51)
9 9
time from hypotension onset (hrs) Pocled OR +—— 1.46 (0.89, 2.40)
U 1 1 1 1
0.2 05 1 2 5 10

Affecting mortality with AST is a challenge!

Kumar06CritCareMed 34:1589

Odds Ratio (95% Confidence Interval)

Sterling15CritCareMed 43:1907



So why do we expect better outcomes from rapid AST?

JOURNAL OF CLINICAL MICROBIOLOGY, July 1994, p. 1757-1762 Vol. 32, No. 7
0095-1137/94/304.00+ 0
Copyright © 1994, American Society for Microbiology

Clinical Impact of Rapid In Vitro Susceptibility Testing and
Bacterial Identification

GARY V. DOERN,"** RAYMOND VAUTOUR,' MICHAEL GAUDET,? axo BRUCE LEVY'

Department of Hospital Laboratories' and Division of Infectious Diseases,” University of
Massachusetts Medical Center, Worcester, Massachusetts 01655

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

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

i IDin 11h, AST in 9.6h
I No MICs, just S/I/R

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




<lth | O1 h Differ | P
TAT | TAT | ence |value
60.0 Gram stain TAT (h) 0.1 3.3 3.2 <.0001
50,0 lShift on
43.4% ‘-:“'c“ cultures Mortality rate (%) 10.1 | 19.2 19.1 0.0389
40.0- enam‘e positive
B 2004 ~Mortally Length of stay (d) 11.0 | 105 0.5 | 0.6936
o
o
20.0- Positive length of stay (d)* | 7.9 7.7 0.2 0.7920
10.0+ —
Variable costs ($) 9,543 | 9,361 182 0.9150
0.0+
Day/Evening Night Male sex (% of group) 47 | 49 i2 | 0.7773
IFigure 20 Culture positivity and mortality, ™ P = 0624,
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.

A No difference in time to appropriate abx

AmPLA BORATORIES
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BarenfangerO8AJCP 130:870




OR (95%Cl) OR (95%Cl)

Rapid molecular Dx? e -
0.61(.15-2.51) _—
0.98 (.33-2.79) A E—
A Meta-analysis of mortality benefit in BSI, 31 SR s i .
studies, ~6k patients o421 09 e
i Only 2 RCT, 2 case-control Dg;;‘;ﬁ:i .
A PCR, multiplex-PCR, MALDI-TOF, PNA-FISH e A — 1 AF
it 0.60 {27—.1.32) ——
from positive BC i i
. . . . . 0.50 (.18-1.27) -
A Numerical reduction of mortality with rapid 0.85 (84-2.14) —
. . . ~ \ 3.61 (1.18=10.89) e 1
identification (" AS T 0) et N —
.. . . . 0.24 {.07- .83)
A Not statistically significant without 037 (10 %0 —
. ey . . A S1-. _
accompanying antibiotic stewardship
i "To affect outcomes signif
clinical follow-up must be ensuredé 0BruinsO5EJCMID
1.77 ((71-4.40) e
0.45 (.15-1.33) —
. L . 1.00 (47-2.14) —1
A Overall, rapid results do have clinical impact 045 (17-1.04) — | No ASP
0.55 (.19-1.64) ———
I Time to results, and to a lesser extent, time to 0.23 (.02-2.17)
. i . . . ‘e 0.75 (.25-2.23) _—r
appropriate antibiotics are typically significantly 0.72 (.46-1.12) &
better with rapid testing
I Length of stay, costs are often significantly reduced
i Mortality is frequently not significantly reduced 0.6 (:64- .80) ¢ Overall
A Canodt expect a rapid n 002 o 1 o oo

Favors mROT  Favors conventional

to reduce mortality
Timbrook17CID 64:15



Will rapid phenotypic AST be different?

bacterial growth curve

A HOW faSt Can it be? lany loa <tatinnarv daat
lag 109 =guonary, - deatn

. .. .g / \
i Limited by growth rate ; / \\
i Curve is dependent on s /

A Organism E //

A Growth medium : J'//

A Environment Time

I Should be <4h (current commercial minimum)

A Will clinicians be more comfortable with these results
than current partial/supplemental molecular tests?

i1l deally ofull panel 6 results gen
confirmation with traditional AST




Rapid Disk Diffusion &)

A Multiple studies since the 1970s
I Reasonably high agreement at 4-8h vs. o/n reads, even directly from blood cultures
I So why arendt we dAINmg it anedwaendy zedayy?
A CLSI

I Chandrasekaran et al: preliminary study
A 20 GNR isolates, multiple labs, direct BC inoculum, read with current breakpoints at
6 and 18h
T No dilution, washing, centrifugation, etc i just BC broth smeared on plate!
A 20 drugs evaluated
A CAwas modest at 6h (~70%) vs. BMD, 20% were not readable at 6h
A Studies ongoing to establish recommendations

A EUCAST Rapid AST (RAST)

I Current guidelines for short incubation (4, 6, 8n) AST directly from BC bottles

I Validated for the following species:

Escherichia coli

Klebsiella pneumoniae

Pseudomonas aeruginosa

Acinetobacter baumannii

Staphylococcus aureus

Enterococcus faecalis and Enterococcus faecium
Streptococcus pneumoniae

Limited # of drugs

T> J> T> T T To I

Chandrasekaran18JCM 56:€01678, Jonasson18ECCMID #00747, ¢ HEALTH

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




EUCAST RAST

A Disk diffusion with early reads direct from positive BCs

I Inoculate plates w/ pos BC fluid ' 4h (%) 6h (%) 8h (%)
Escherichia coli 90 99 99
T Incubate on MH/MH-F agar Klebsiella pneumoniae 96 98 98
Pseudomonas aeruginosa - 88 97
A % readable at early timepoints ===  [Acinetobacter baumannii 99 100 100
] ) Staphylococcus aureus 55* 91 95
A If zones not obvious, reincubate Enterococcus faccalis 93 99 100
. . . Enterococcus faecium 44 93 99
A Maximum incubation = 8h Streptococcus pneumoniae 68 83 95

i Organism- and time-specific breakpoints *Fo/gent easy. clinda/norflox harder

A 4-8 drugs validated for each organism, more to come for GNRs
A Need to know ID before reporting A Rapid molecular/MALDI-TOF

I Area of Technical Uncertainty: less separation of S & R with =\
short i1 ncubation. FErmrgaeedExpesm-“"

i During 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/
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Accelerate Pheno BC 0
FDA cleared system for automated ID/AST |
from positive blood cultures e

Gel electrofiltration cleanup and electrostatic
Immobilization of bacteria

Automated guantitation and dilution

Automated microscopy of cells grown with
and without antibiotics

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

AST in ~7h (8 G+, 12 G- drugs) -
i MIC extrapolated from growth characteristics
Klebsiella spp. Citrobacter spp. Streptococcus spp.
1 sample per instrument ($250/sample, ‘oo 0 e i
$120k instrument list price) s mits

S. haemolyticus E. faecium
Proteus spp. S. hominis Enterococcus spp.
. . . . F. mirabilis S. lugdunensis other than E.
Pricel4JMM 98:50, acceleratediagnostics.com P. vulgaris ; ;
S. warneri faecalis



Accelerate performance

A Numerous analytical performance studies
I Early problems with invalid results
A software updates improved performance
I Good categorical and MIC agreement
i Faster than oO6standard of careafr)

A Mostdidnotc ompare to 6rapidodé stand
plates, BC broth processing, direct disk diffusion)

AS
d A

A Outcome studies

i Most have focused on O0Ostewardshiop

I Most showed reduced time to optimal therapy

A Not always improvements in time to active therapy

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

T Some showed decreased time to Abx de-escalation/escalation

AmPLJ&ED‘F‘AT[‘JR\ES ‘ NATIONAL REFERENCE LABORATORY

Brazelton deCardenas17DMID 89:52, Marschall7JCM 55:2116, Charnot-Katsikas18JCM 56:e01166, Pancholil8JCM 56:e01329, Pantel18JAC 73:1546



sSOC
Accelerate outcomes NC

Other gram (-)

Kleb spp 4% S/ '%aspp both
A Pearson et al poster: 8% ERP ST bo

i Pre-post intervention; 24-7 Accelerate testing (+ Real-
Time calls to ASP) vs. standard O/N subculture-based \l‘

ID/AST.
ASignificant o6stewardshipd outco
(-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) rapish.anereamocens .
A Overall LOS after BC collection decreased significantly w4 Any Abx change NC
(-0.6,-1.4d), but ICU LOS did not (+0.5,+0.6d) “l 249 CRPA
A Cost not evaluated: 19% off-panel A 17% polymicrobial )
(excl.) = ~1/3 of runs excluded. 46% CoNS. X

S : t 1 me

3 8

SAST

Uy
3 8 8 & 8 8

A Banerjee et al poster:

RA
.)ﬂu

I Multi-center prospective RCT, Gram negative BSI - e R el
A Sig lower time to 15t GN Abx mod/de/escalation o _mem”@wm_nw -
A 1CU duration, C. diff MDRO aquisition, LOS, mortality: Not —

Significantly different
i Rapid group: more in ICU at randomization,y CRPKEOSand - (AST

y mor NenbBig)t v ( g ”

i Sicker patients in rapid group? Charleston comorbidity/Pitt
bacteremia scores ~same "

GN Abx change

SOC_ mean | T (28 3) hours, median (1GR] = 42 1 (109, 72 0) hours
SID =~u \'«ean: nwa.nm median (10R) = 17.3 (48, 72 0) hours
P = 0.0002 ]

Flerence in mans (% Ci) 10,1 (818, 15.4) hours, biwst

Pearson19IDWeek #2137; Banerjee19IDWeek#640 i % % ;,, a » & ® w B
Time to first GN modificabon (howrs)
Hq)du:\ann?mtmsujﬁslv

[Randomization  ———— Standard culure 600 AST




