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CASE PRESENTATION

» 39 y/o male admitted after experiencing fevers, chills, and hypotension
« Tachycardia also noted on examination
» Three sets of blood cultures were obtained on admission

» The blood cultures started signaling positive 13 hours after collection
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CASE OUTCOME

Hospital A Hospital B

« Hospital LOS 11.9 days Hospital LOS 9.3 days

« ICU LOS 7.3 days  |ICULOS 6.3 days

« Pharmacy costs $3,371

Pharmacy costs $2,386

* Hospital costs $45,000 Hospital Costs $26,000

Perez, et. al. 2012. Arch. Pathol. Lab. Med. 10.5858/arpa.2012-06510A

% PROHEALTH CARE



What makes the difference? /‘

CASE OUTCOME

Hospital A Hospital B

« Hospital LOS 11.9 days Hospital LOS 9.3 days

« ICU LOS 7.3 days  |ICULOS 6.3 days

« Pharmacy costs $3,371

Pharmacy costs $2,386

* Hospital costs $45,000 Hospital Costs $26,000

Perez, et. al. 2012. Arch. Pathol. Lab. Med. 10.5858/arpa.2012-06510A
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Rapid direct identification of positive blood

cultures and Antimicrobial Stewardship!

CASE OUTCOME

Hospital A Hospital B

« Hospital LOS 11.9 days Hospital LOS 9.3 days

« ICU LOS 7.3 days  |ICULOS 6.3 days

« Pharmacy costs $3,371

Pharmacy costs $2,386

* Hospital costs $45,000 Hospital Costs $26,000

Perez, et. al. 2012. Arch. Pathol. Lab. Med. 10.5858/arpa.2012-06510A
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___ objectives 4o

 Demonstrate how rapid microbiology
diagnostics impacts patient outcome

 Demonstrate some of the systems available for
rapid identification of positive blood cultures

* |llustrate the importance of taking action on a
rapid ID result in a timely fashion
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Hospital A - BC Time Line /‘

13 hr incubation
Bottle positive

13 hr + 1 hour
1. Gram stain/Reported to floor

2. Subcuture bottle

13 hr+ 1 hr+
13hr+1hr+14hr 1. Setup ID + 14 hr + 20 hr
Colonies growth 0”:> Susceptibility Test > Report ID and
Agar plate 2. Perform Presumptive ID

Susceptibilit
% PROHEALTH CARE



Hospital A - BC Time Line /‘

13 hr incubation
Bottle positive

Klebsiella pneumoniae

Y CFZ=R
13 hr + 1 hour 48 hOUI’S CRO =R
1. Gram stain/Reported to floor CAZ=R
2. Subcuture bottle CPE =R
GM =S
MER =S
13hr+ 1 hr+ 14 hr 1. Setup ID + 12 EH%OhLJr
: ' +
Colonies growth on|:> Susceptibility Test > Rep(r)rt D anrd
Agar plate 2. Perform Presumptive ID

Susceptibilit
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Hospital B - BC Time Line /‘

13 hr incubation
Bottle positive

Y

13 hr + 3 hour
1. Gram stain/Reported
2. Definitive ID done/Reported to floor + Pharmacy
3. Select Resistance markers/Reported
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Hospital B - BC Time Line /‘

13 hr incubation
Bottle positive

Y

13 hr + 3 hour
1. Gram stain/Reported
2. Definitive ID done/Reported to floor + Pharmacy
3. Select Resistance markers/Reported

Klebsiella pneumoniae
16 h O u rS CTX-M detected
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____caseourcove M4

Hospital A Hospital B

« Hospital LOS 11.9 days Hospital LOS 9.3 days

 ICU LOS 7.3 days  ICU LOS 6.3 days

« Pharmacy costs $3,371 Pharmacy costs $2,386

« Hospital costs $45,000

48 hours 16 hours

Perez, et. al. 2012. Arch. Pathol. Lab. Med. 10.5858/arpa.2012-06510A
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Why is the timely selection of antibiotics important?

Appropriateness of Rx within
12 Hrs of BC+ and Mortality

(Severe Sepsis)

Antimicrobial Therapy Mortality

= Appropriate Rx = [nappropriate Rx

Golan et al. Candidal vs. Bacterial Severe Sepsis in the ICU: The Number-Needed-to-Treat (NNT). Poster # 631. IDSA 2010. Vancouver, BC, Canada.
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Why is the timely selection of antibiotics important?

Survival — Patients with Septic Shock

82%

2l 3 14 L) 6 9 7 2. A
~3 ~4 ~$ ~6 ~‘9 ~7? ?~?1 4~36‘ 36\

Time to Appropriate Antimicrobial Rx following Onset of Hypotension (Hrs)

Kumar et al. Duration of hypotension before initiation of effective antimicrobial therapy is the critical determinant of survival in human septic shock. Crit Care Med. 2006 Jun;34(6):1589-96.
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HOW CAN WE DO THIS?

Combatthe
Emergence
of
Resistance

Antimicrobial
Stewardship

Improve
Control .p S
Costs ' Clinical
L Outcomes

Antimicrobial Stewardship in the Intensive Care Unit
Advances and Obstacles
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http://ajrccm.atsjournals.org/content/179/6/434/F1.large.jpg

Rapid Diagnostics

Combatthe
Emergence
of
Resistance

Antimicrobial

S _ Stewardship
Rapid Diagnostics

Improve
Clinical
L Outcomes

Control
Costs

Rapid Diagnostics

Antimicrobial Stewardship in the Intensive Care Unit

Advances and Obstacles
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Recent Advances in Rapid ID of Positive Blood Culturg

MALDI-TOF Mass Spectrometry
Nanosphere BC-GP

AdvanDx QuickFISH Gram-Negative BC
Cepheid Xpert MRSA/SA BC

Biofire FilmArray BC Identification Panel

BD GeneOhm StaphSR

FDA cleared/approved
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Gram-Negative QuickFISH™ BC

* Rapid Identification of E. coli, K. pneumoniae and P. aeruginosa from
Positive Blood Cultures
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PNA probes target ribosomal RNA inside cells

Peptide Nucleic Acid Fluorescence In Situ Hybridization

K. pneumoniae PNA Probe S
P. aeruginosa PNA Probe / E. coli PNA Probe’

ot ¥ 90 mins.

Gram-negative rods

P aeruginosa

% PROHEALTH CARE



3 Easy Steps: Fix Sample, Hybridize Probes and View Results.
5 Min. Hands-on Time. 20 Min. Turn-around Time.

Fix Hybridize Examine

[ sample |

g R
e

+
1...‘ l...! ‘ n Advaan “‘
5 Min. 15 Min. View Results
Fix 10 pL of Blood Culture Sample to Add PNA Reagents. Hybridize for Examine on Fluorescence Microscope
QuickFISH Slide. 15 Min. at 55°C. (60x or 100x Oil Objective).
e e ]

PNA Probe Binding to RNA Target
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Does Anybody Hear
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PNA FISH Staphylococcus aureus

Batch testing, once per day, no specific notification of result.

TABLE 1. LOS and duration of vancomycin use for pre- and post-
PNA FISH groups

Mean hospital LOS Mean duration (days) of
Group (n) (days) = SD vancomycin treatment =+
(median; range) SD (median; range)

Pre-PNA FISH 18.7 = 16.5 (13.0; 2.0-83.3) 415 = 4.03 (2.9, 0.3-19.2)

patients (100)
Post-PNA FISH 20.9 = 21.0 (13.7; 1.8-113.5) 3.51 = 3.43 (1.8; 0.3-10.8)
patients (99)

P value 0.35 0.49

Carol Holtzman, Dana Whitney, Tamar Barlam and Nancy S.
Miller
J. Clin. Microbiol. 2011, 49(4):1581. DOI:
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PNA FISH Staphylococcus aureus

Batch testing, once per day, no specific notification of result.

TABLE 1. LOS and duration of vancomycin use for pre- and post-
PNA FISH groups

Mean hospital LOS Mean duration (days) of
Group (n) (days) = SD vancomycin treatment =+
(median; range) SD (median; range)

Pre-PNA FISH 18.7 = 16.5 (13.0; 2.0-83.3) 4.15 = 4.03 (2.9; 0.3-19.2)
patients (100)

Post-PNA FISH 20.9 = 21.0 (13.7; 1.8-113.5) 3.51 = 3.43 (1.8; 0.3-10.8)
patients (99)

P value 0.35 0.49

Our study demonstrated that the S. aureus PNA FISH assay
for the rapid detection of presumptive CoNS pseudobactere-
mia, when implemented without active reporting of results or
additional support from an AST, did not reduce LOS or van-
comycin use. In published studies, utilization of the PNA FISH

Carol Holtzman, Dana Whitney, Tamar Barlam and Nancy S.

Miller

% We)a Y- Clin. Microbiol. 2011, 49(4):1381. DOI:




We may need to get someone’s attention in
addition to the nurse on the floor!
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Who you gonna call?
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Who you gonna call?

Someone who will review the case and
take action in a timely fashion.
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Who you gonna call?

For ProHealth Care it is the on-call Pharmacist.
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Mountaineering Lore

Climbing Ice

Yvon Chouinard

“Speed is safety!”
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Nanosphere

s BC-GP
, '-»: > RO BC'GN




& Nanosphere

3-4 minutes hands on

SR RE SN 2 - 2.5 hour run time
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& Nanosphere

, S

2. Target specific %7 §

gold nanoparticle

1, Prepare sample probes are mixed
with the sample ‘

L LT
.
....

6. The microamray is scanned in “*s.,
the Vengene reader with signal
strength on the spots proportional
to concentration of the target
molecule in the sample.

Legend
:'g;}" s 5 The gold nanoparticle 1s coated with
S TR it silver toincrease signal strength

C = Capture m clecule
M = Mscroamray

LZ‘, 3. Gold nanoparticle probes
§ gL chemically bond to speaific
W\ PSS target molecules in the

sample

e as

WV LN
S

T zg "

4. Gold nanoparticle-target molecule
duplex binds with target specific capture
molecules, each in a separate spot on the
microamay
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Nanosphere

e¢ Bacterial DNA Detection — Secondary Hybridization

QOligonucleotide onucleotlde
Probe

Mediator
Oligonucleotide

e,

Staphylococcus

Staphylococcus Specific DNA
Oligonucleotide

||

—
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BC-GP
BC-GN

Streptococcus
Oligonucleotide
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' : N h
e Bacterial DNA Detection — Signal Amplification by Silver Enhancement of Gold

Nanoparticles R C_G D

B C - G N
Specific DNA Streptococcus

e Analysis of results via light-
scattering (array scanning)

Staphylococcus
Oligonucleotide
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B NanospherclW /8

BC-GP

Staphylococcus spp.

Staphylococcus aureus +/- mecA
Staphylococcus epidermidis +/- mecA
Staphylococcus lugdunensis

Streptococcus spp.
Streptococcus pneumoniae
Streptococcus pyogenes
Streptococcus agalactiae
Streptococcus anginosus group

Enterococcus faecalis +/- vanA or vanB
Enterococcus faecium +/- vanA or vanB

Listeria spp.
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@ NanospherciW /&

BC- GN

Acinetobacter spp.
Proteus spp.
Citrobacter spp.
Enterobacter spp.

Escherichia coli
Klebsiella pneumonia
Klebsiella oxytoca
Pseudomonas aeruginosa

CTX-M (ESBL)
KPC

NDM - 37/11
VIM = 5/2
IMP — 3/1
OXA - 7/5
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BIO FIRE

Currently in Development

FilmArray  Blood Culture ID Panel

I

T

65 minutes

% PROHEALTH CARE

The FilmArray BCID Panel

Simultaneous detection of 27 targets:

@ Gram + Bacteria

Staphylococcus
Staphylococcus aureus
Streptococcus
Streptococcus agalactiae

Gram - Bacteria

- Klebsiella oxytoca
Klebsiella pneumoniae
Serratia
Proteus
Acinetobacter baumannii
Haemophilus influenzae

{ Fungi
= Candida albicans
= Candida glabrata

Antibiotic Resistance
= mecA
- vanA/vanB

-« Streptococcus pyogenes

-« Streptococcus pneumoniae
« Enterococcus

- Listeria monocytogenes

Neisseria meningitidis
Pseudomonas aeruginosa
Enterobacteriaceae
Escherichia coli
Enterobacter cloacae
complex

« Candida krusei
- Candida parapsilosis
» Candida tropicalis

KPC



http://www.biofiredx.com/

BIO

FIRE

AT s [T : @ 4
e e i RSON |

R ———————_

Ervsaeecee. .
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A

Add Sample to Buffer Inject Sample Load Pouch in FilmArray

% PROHEALTH CARE


http://www.biofiredx.com/

Brought To You By? /‘

Q=

Streptavidin- N
Horseradish :
e
Dye Precursor

Peroxidase -
And Peroxide

Wash _

Waste

Detection Area

Fig. 5. PCR amplification and detection containment vessel proto-
type

Findlay, et. Al. 1993. Clin. Chem. 39:1927-1933
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The FilmArray Pouch /‘
BIO%FIRE" ‘

Reagent
Storage

Chemical
Circuit
Board

Sample 1st Stage 2nd Stage
Extraction & Multiplex PCR
Purification PCR
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Evaluated:
317 patiants with
Gram-negative bacteremia

Pre-intervention Arm Intervention Arm
160 patients screened 157 patients screened
Aug 15 - Now 30, 2011 Feb 1 - May 25, 2012
Excluded: 48 patients Excluded: 50 patients
« Anaerobic Gram negative (4) « Anaerobic Gram negative (11)
» Previously enrolled (4) « Previously enrolled (5)
+ Expired before TTP (5) + Expired before TTP (7)
+ Not admitted (2) « Mot admitted (2]
« Transferred (2) « Transferred (1)
« Other BSI(9) B | . Other BSI (6]
+ Polymicrobial Index (10) + Polymicrobial Index (&)
« Discharge subject to institutional « Discharge subject to institutional
policy (unable to leave) paolicy (unable to leave)

-ECMO (10 -ECMO (&)

-VAD (1) -VAD/artificial heart (2)

-BMT (1) - BMT (4)

Y £
112 patients in final analysis 107 patients in final analysis
12 patients deceased & patients deceased
100 survivars included in 107 survivors included in
LOS analysis LOS analysis

Figure 1. Elgibiliyy and inclusion of the study participants. The most comman reasons for ineligihility amaong patien s were medical drowmaanoss
reduiring prokonged hospitalizaton waredated 1o the patient’s bloodstream Infection (BSL 24.4%), including patienls receving extradn ol
mambrane oxygenation [ ECMOY for cardiores piratory Bilune; advanced beart failure reg uiring ventricular assist devices (WADs) or an arificial heart;
and elective dﬁirl}.\.‘-‘:h‘?}: fow Bone marrow transplantation (BMT). Length of stay (L05) and hospital cost analyses were conducied in those patents
surviving to hospital discharge. Abbreviaion: TTR ime-do-positivity of index Blood cultuee.

PROHEALTH CARE Perez, et.al. Arch. Pathol. Lab. Med. 2012. Dec. 6.




Pre- Passive notification

Intervention (Pl) via EMR
© ® o @ ®
Blood culture Culture —————— Growth ——————— |dentification Susceptibility Adjust
drawn positivity on solid media (Conventional) (Conventional) therapy
PI:15.1+10.78 h Pl:36.6+153 h Pl: 4712137 h Pl:75 +48 h
Int: 16.2+13.2 h Int: 11£10.2 h Int: 244114 h Int:29:17 h

P=230 P< 00 P < 001 P=1004
Intervention (Int) /
‘_,—'-""-‘r—r-

@ @ @ @—®
Blood culture Culture Identification Susceptibility  Adjust
drawn positivity  (MALDITOFMS)  (BD Phoenix) therapy
(] A
Active antimicrobial
stewardship
Average hours
post-time to k + t i + + i
positivity 0 12 24 36 48 60 72
I I [
bocthe? Pln=22 P:n=22 P:n=15
Me antibiotics Int:n =16 Int:n=5 Int. n=0
F=.38 P=.001 P <.001

Figure 2. Timeline comparison of preintervention and intervention study periods depicting the differences in laboratory procedure and their
respective impact on adjusted therapy. Adjusted therapy included, when chmcaﬁv indicated, de-escalation/escalation of antibiotic therapy, dosing/
route modifications, and/or discontinuation of unnecessary gram-positive coverage. White boxes denote the average times (hours) until the
corresponding information was obtained or action rmplfr_'mr_'ntf_‘u‘ in the preintervention (Pl) and intervention (Int) groups. The bottom horizontal line
represents the global study/patient timeline (hours) and includes point measurements (below) for patients on inactive therapy at 0, 24, and 48 hours
in both groups. Abbreviations: EMR, electronic medical record; MALDI-TOF MS, matrix-assisted laser desorption and ionization time-of-flight mass
spectrometry.

# PROHEALTH CARE Perez, et.al. Arch. Pathol. Lab. Med. 2012. Dec. 6.




Table 2. Length of Stay and Cost Outcomes in Survivors®

Outcome Preintervention Cohort (n = 100) Intervention Cohort (n = 101) r
Hospital length of stay 11.9 = 9.3 9.3 t7.6 .01
Hospital length of stay after BSI onset 9.9 £ 7.1 8.1 £ 6.4 .01
ICU length of stay 7.3 £ 85 6.3 £ 8.7 .05
ICU length of stay after BSI onset 6.1 6 49 £ 6.7 .09
Total hospital costs $45 709 = $61 806 $26 162 = $28 996 009
MS DRG weight 2.7 x 24 *1.9 54

Abbreviations: B5!, bloodstream infection; ICU, intensive care unit; MS DRG, Medicare Diagnosis-Related Group.

* Values for length of stay outcomes are given as days, mean = SD. Costs are reported as cost per hospitalization, mean = 5D.

Perez, et.al. Arch. Pathol. Lab. Med. 2012. Dec. 6.
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IXpert{:‘MRSA/SA BC- / ‘

;/Cephefd@

A better way.

GeneXpert | GeneXpert Il GeneXpert IV GeneXpert XVI
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Cepheid Xpert MRSA/SA Blood Culture ,‘

Gently mix the sample Vortex and transfer Insert cartridge and
by hand, transfer a 50 uL the sample into start assay

aliquot to the elution S chamber

reagent vial using the

pipette provided

2
|

ARn (linear scale)
0

(1-2 minutes hands on) (T R 1]

Threshold

e

.
Baseline
qll:llia)aalnnﬂl]\ll

02120231028 817 228 3031 21U A B3 0 WA

Cycle number
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Table 2. Demographic and Clinical Characteristics of Patients in the Study Groups

Pre-rPCR pericd Post-rPCR period

Characteristic {n = 74) (n = 82) P
Age, mean years = SD 57 + 16.7 56 = 16.0 51
Male sex 43 (58) 40 (49) .26
Penicillin allergy 9(12) 10 (12) .60
Surgical service 24 (32) 10 (12) .003
Icu® 49 (66) 55 (67) >.99
MRSA infection 44 (59) 37 (45) .08
ID consult 41 (65) 49 (60) 63
Time to |D consult, mean days = SD (n = 90) 9 + 164 3+24 .05
Hospital mortality 19 (26) 15 (18) .33
Hospital costs by department
Pharmacy, mean USD + SD 10,375 = 21,221 7457 + 13,250 .08
Microbiology laboratory, mean USD += SD 6806 = 10,290 5081 = 6677 13
Room and board
ICU, mean USD = SD 27,667 = 35777 17,737 = 21,464 .03
Mon-ICU, mean USD + SD 12,210 = 13,741 10,117 = 10,932 32
Other,” mean USD + SD 25464 + 36,633 16,400 + 20,031 .02
Total hospital costs, mean USD = SD (n = 164) 69,737 + 96,060 48,350 + 55,196 .03

NOTE.Data are no. (%) of patients, unless otherwise indicated. Heported hospital costs are representative of
total pharmacy, microbiology laboratory, and room and board cost. ICU, intensive care unit; 1D, infectious diseases;
rPCR, methicillin-resistant 5. aureus/S. aureus blood culture test; 5D, standard dewviation; USD, United States dollars.

# Pvalues were determined by Fisher's exact test or Wilcoxon rank-sum test as appropriate.

5 icu stay at anytime during hospitalization.

© Includes all hospital costs not previously described, including operating room services, imaging services, and

medical and surgical supplies.

Clinical Infectious Diseases

2010;51(9):1074-1080
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3 25 B Pre-rPCR
E 20 | Post-rPCR
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MSSA MRSA

Figure 1. Number of infectious diseases pharmacist antibiotic changes
from vancomycin to cefazolin or nafcillin for methicillin-susceptible Staph-
vlococcus aureus (MSSA) bacteremia and vancomycin to daptomycin for
methicillin-resistant S. aureus (MBSA) bacteremia. rPCR, rapid polymerase
chain reaction MRSA/SA blood culture test.

Clinical Infectious Diseases 2010;51(9):1074-1080
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Cepheid Xpert MRSA/SA Blood Culture

16

14 ® Pre-rPCR

12 » Post-rPCR.

10
10

8 p=0.15

6 p=0.002 is
3.6 '

2
2 -
0 -

MSSA MRSA

Mean time to antibiotic switch, days

Figure 2. Mean time to antibiotic switch from vancomycin to cefazolin
or nafcillin for methicillin-susceptible Staphylococcus aureus (MSSA) bac-
teremia and vancomycin to daptomycin for methicillin-resistant 5. aureus

(MRSA) bacteremia. rPCR, rapid polymerase chain reaction MRSA/SA
blood culture test.

Clinical Infectious Diseases 2010;51(9):1074-1080
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BD GeneOhm" StaphSR

Assay Procedure* Positive Blood Culture

70 minutes

15 minutes hands on

& ili!*HH T B "




PNAFish Yeast and S. aureus/CoNS

Table 2 Potential pharmaceutical cost savings with PNA-FISH

Final Rx initiation until  Time to culture  Time to PNA- Potential time saved w/  Potential cost saved
Case Species Initial Rx change (days) ID (days) FISH ID (days) PNA-FISH (days) w/PNA-FISH"
ID
1 C albicans Caspofungin 6 3 0.3 2.7 $1,093.50
2 C glabrata Fluconazole 2 54 06 48 Fluconazole changed
to Caspofungin
3 C Caspofungin 5 36 0.7 29 $1,174.50
parapsilosis
1 CoNS  Vancomycin 3 3.7 08 29 $58.00
2 CoNS  Vancomycin 4 2.1 02 19 $38.00
3 CoNS Vancomycin 5 3.2 03 29 $58.00
4 CoNS Vancomycin 2 08 0.7 0.1 $2.00
T Potential time saved w/PNA-FISH X AWP = Potential cost saved w/PNA-FISH.
AWP:

Fluconazole 400mg po/day= $27.26.
Caspofungin 50mg IV/day=5$405.00.
Vancomycin 2 g/day=5%20.00.

Annals of Clinical Microbiology and Antimicrobials 2013, 12:2
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Rapid Identification of Positive Blood Cultures
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