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Disclosures

ANoner other than some statements will be my professional opinion



Learning Objectives

ADescribe factors that impact and contribute to contamination of
blood culture

ADefine current benchmarks and metrics for contamination of blood
culture

ADiscuss mitigation strategies for reduction of contamination of blood
culture



The Problem



Outside the Lab

ASepsis in the US

A >1.7 million adults
A ~270,000 deaths (1 in 3 patients in the hospital)

A70% cases have recent healthcare encounter or GET AHEAD
frequent medical care o SEPSIS

Alnfections were most often associated with sepsis
lung, urinary tract, skin, and gut. KNOW THE RISKS. SPOT THE SIGNS. ACT FAST.

AMost common bacteria: Staph, Strep, E. coli

ACases per year on the rise
A Increased awareness and tracking (CDC 2017 campaign)
A People with chronic diseases are living longer
A Increase in organ transplant
A MDROs and COVID

https://www.nigms.nih.gov/education/facsheets/Pages/sepsis.asgNovosadSA.et al. Vital Signs: Epidemiology of Sepsis: Prevalence of Health Care
Factors and Opportunities for Prevention. MMWRrb Mortal WklyRep 2016;65:86ZB69.



https://www.nigms.nih.gov/education/fact-sheets/Pages/sepsis.aspx

Role of Blood Culture in Diagnosis of Sepsis

AClinical symptoms = possible bloodstream infection

A Blood cultures should be collected:
AAs soon as possible after the onset of clinical symptoms
ABefore antimicrobial therapy

Signs of sepsis can include any one or a combination of

WHAT ARE THE SIGNS OF SEPSIS? ~ fe®lovie

Confusion or Shortness Fever, or Extreme pain Clammy or

sweaty skin

disorientation of breath heart rate shivering, or or discomfort
feeling very cold




Increased Utilization of Blood Culture

Hour-1 Bundle

Initial Resuscitation for Sepsis and Septic Shock

Alncreased awareness of sepas
significantrisk of morbidity and
mortality

ADifficulty inpredicting the risk of
bacteremia

ALowthreshold for ordering theest

Almplementationof sepsigrotocols or
other guidelinebased
recommendations




Inside the Lab

ABIood_ culture is one of the most critical functions of
the clinical microbiology laboratory
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"It is recommended that blood culture statistics, including number of
contaminated cultures, be maintained and reviewed regularly by the
laboratory director. The laboratory should establish a threshold for an
acceptable rate of contamination. Tracking the contamination rate and
providing feedback to phlebotomists or other persons drawing cultures has
been shown to reduce contamination rates



Basic Blood Culture Stats and Metrics

On average
A7-10% positivity [EL5%]
A3-5% contamination [<15%]

Current Metric for Blood Culture Contaminatior3%




Impact of the Problem



Impact to Diagnostics Resources

ARepeat blood culture and additional cultures of other sites
AUnnecessary PCR testing

AUnnecessary antibiotics and therapeutic drug monitoring for agents
such as vancomycin (~40% increase)

AAdditional diagnostic testing (CBCs, echocardiography, and imaging)

Doern GVet al. A comprehensive update on the problem of blood culture contamination and a discussion of methods for addressingehe @tiobl
MicrobiolRev. 2020;33421



Impact to Patient Care

AUnnecessary antibiotics (<4days)
A Acute kidney injury
A Allergic reaction
A Drugdrug interaction
A Disruption of host microbiome

ARemoval of devices and hardware

AExtended length of stay (~5Ldays)
A Extended venous access
AExposure to HAIs
ARisk of C. difficile and other MDRO
A Adverse event (falls, decubitus ulcers)

AAnchoring bias




Impact to Hospital Operations

AFalsepositive CLABSI

APotential increase in HAI (C. diff, MDRO)

AAdditional hospital expenses

AUtilization of medical services (subspecialty consultation)

Charges attributable to contaminated blood cultures range widely
f SGQa 2dzald areé bpnnn F2N
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Patient Impact
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Economic Impact

Cultures / month; 1750

Contamination Rate: 3%

Patients impacted: 52

Patients impacted/year:624
Cost per patient: $5000

Potential Cost: $3.12M




How We Measure the Problem



Definitions

ABlood culture = one venipuncture or line draw consisting of two
bottles, one aerobic bottle and one anaerobic bottle.

ABacteremia the presence of bacteria in the blood. It may be
transient, intermittent or continuous.

AContaminant =a microorganism isolated from a blood culture that
was introduced during specimen collection or processing and is not
considered responsible for B&é(theisolates were not present in
GKS LI OGASYlQa 0f22R gKSY (KS of

Wayne P.A. Principles and procedures for Blood Cultures; Approved Guideline, CLSI documefiliMi¢al and Laboratory Standatdstitute



Sources of Contamination

Skin fragmentgolonizedwith microbes
can be dislodgednd inoculated into Epidermis

blood culture during venipuncture oo |

Alnsufficient skin disinfection i ' e 1
Almproper collection technique NC
ACollection through indwelling catheter

AResinbased bottles are better at
recovering organisms lIKEONS3

ASingle needle?

https://www.betterbloodcultures.com/bespracticeg



https://www.betterbloodcultures.com/best-practices/

What Counts?

ConsistentlyContaminants ConsistentlyPathogens
CoNS Staphylococcus aureus
Corynebacteriunspp. Streptococcupneumoniae
Bacillus spp. Betahemolytic streptococci
Micrococcus spp. Listeriamonocytogenes
Cutibacteriumspp. Enterobacterales

Viridans group streptococci Pseudomonas aeruginosa
Neisserianeningitidis
Haemophilusnfluenzae
Anaerobic Granmegative rodsBacteroidesFusobacterium
Candida

Weinstein,MP, et al.1997The clinical significance of positive blood cultures in the 1990s: a prospective comprehensive evaluation of the mgigrobiolo
epidemiology, and outcome of bacteremia afuthgemiain adults.Clin Infect. Di24:584602.



Standard Metrics

Positive blood cultures that yield organismp
considered contaminants

X100
All blood cultures

= BloodCQulture ContaminationRate



Conventional Solutions



Follow Best Practices

APreparation of the venipuncture sitesingalcoholic chlorhexidine
gluconate and/or tincture of iodine with 70% alcohol

AAdherence to hand hygiene and aseptic practices

APeripheral venipuncture preferred and avaiditures obtained
through lines

AA minimum of two separatdraws at manufacturer recommended
volumes

ATransport to the laboratorgsrapid aspossible

*specific practices for pediatrics



Bottle Disinfection and Filling

ADisinfect rubber gasket
A70% isopropyl alcohol

Alodine products should not be used, may result in erosion of the
rubber and introduction of contaminant

Both underfillingand overfilling blood culture vials have been
associated with contamination and/or falp®sitive results




Collection Site

AVenipuncture vs. intravascular catheters

ACatheter actually more sensitive, but less specific

AForevery 1,000 patients with blood cultures obtained via intravascular
catheters, an additional 8 patients with true bacteremia would be identified,
but 59 falsepositives would alsoesult

ACatheter hub hygiene=antiseptic barrier caps or passive port
protectors has been noted to decrease contamination of blood

cultures

ATo identify catheter as source, paired blood samples may be obtained
for culture from both the catheter and a peripheral site



A Dedicated Phlebotomy Team

AMeta-analysis of five large studies conducted in several U.S. hospitals

AStrong evidence supporting reduced contamination rates by trained
phlebotomists compared to nephlebotomists

A2.58%(95% CI, 2.07 t8.20) mean odds ratio favors phlebotomy
teams for decreasing blood culture contamination

Doern GVet al. A comprehensive update on the problem of blood culture contamination and a discussion of methods for addressingehe @tiobl
MicrobiolRev. 2020;33421



Diversion Methods

AChange Tube Order

AUse Initial Specimen Diversion
Device

A SteripathGen2 system (Magnolia
Medical Technologies, Seattle, WA)

AKurinLock deviceKurin Inc., San
Diego, CA)

Bacteriacanremain
viablein skin layers
evenafter skinprep

Organisms can be
introduced into blood
culture bottle upon
collection via
venipuncture



Change Tube Order

AStudy 1: Randomized

A Aspiratedinto a sterile lithium heparin tube before blood culture bottles
(diversion group) or blood cultures first and then lithium heparin tube
(control group).

A Contamination rates of 5.0% aontrol group cultures vs 2.0% diversion
groupcultures

AStudy 2: Before and after

ADivertthe first 7 mL to a gokbr greentop tube from

A Contamination rates of 2.46 in thepre-diversionprotocol groupvs.1.70%
in the postdiversionprotocol group

Zimmerman F&t al. Modificationof Blood Test Draw Order to Reduce Blood Culture Contamination: A Randomized Clini€inlrigdct Dis. 2020 Aug 22;71(5):121820;
Syed Set al. DiversiorPrinciple Reduces Skin Flora Contamination Rates in a Community Hospit®lathalhab Med. 2020 Feb;144(2):2220.



KurinLock
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AO- 15 mL diverSion VOIume Blood\l:‘lllbprogressa: N\
AFDA510(k}cleareddevice




MagnoliaSteriPath

A1.52.0 mL diversion volume
AFDA510(k}cleareddevice
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Infectious Diseases Society of America  hiv medicine association

Reduction in Blood Culture Contamination Through Use
of Initial Specimen Diversion Device

Mark E. Rupp,' R. Jennifer Cavalieri,' Cole Marolf,' and Elizabeth Lyden®

'Division of Infectious Diseases, and “Department of Epidemiology, University of Nebraska Medical Center, Omaha

AProspective controlled trial, academic medical center ED
A0.226ISDD v4.78% standargractice



Studies

ACompatible with all blood culture bottle types

ABoth diversion devices demonstrated reductions in blood culture
contamination rates when compared to standard of care practices

AMore studies published with Magnol&teriPaththan KurinLock




Length of Incubation

AReview of 158,710 bottles
A4-dayincubation time was sufficient for théirtuo system andnedia

Almplementationof the 4day incubation time could enhance clinically
relevant results by reducing recovery of contaminants and finalizing
blood cultures 1 day earlier.

Ransom EMget al. Evaluation of Optimal Blood Culture Incubation Time To Maximize Clinically Relevant Results from a Contemporary Blobdt@utiers
and Media System.QlinMicrobiol. 2021 Feb 18;59(3):e02429.



Diagnostic Utilization and Stewardship

Rapid identification using MALIDOF MS or PCR + active antibiotic

stewardship teams = Rigkitigation

ARa} id multiplex PCR for detection of pathogens directly from positive blood
cultures

A Treatment ofCoNSontamination episodes
Alntervention (rapid PCR, with and without active stewardship) vs. control

(standard care) arms
A Intervention group had a significant reduction in treatment of presumed

contaminants
A 25% in the control group to 8% and 11% in the intervention group

AMALDITOF MS identification with antibiotic stewardship intervention
AReduction in days of unnecessary antibiotic therapy (3.89 to 1.31 days [P 0.001])
A50% reduction in the number of vancomycin trough levels performed

BanerjeeR,et al. Randomizedirial of Rapid Multiplex Polymerase Chain Readfiased Blood Culture Identification and Susceptibility Tes@Gliginfect Dis. 2015
Oct 1;61(7):107-B0; Nagel Jlet al.Impact of antimicrobial stewardship intervention on coagutasgative Staphylococcus blood cultures in conjunction with

rapid diagnostic testing.QlinMicrobiol. 2014 Aug;52(8):28494.



Is How We Measure the Problem
the Problem?



Pre TestProbability

At NBGSald LINRPolIOATfTAGE FT2NJ ol OGSNEB
blood culture result
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1. Create guidelines that direct blood culture ordering
Adinical conditions frequently associated with bacteremia

A Utility of follow up blood cultures (ex. Granegative bacteremia and some
Strep species)



Diagnostic Stewardship Example

<5%(VeryLow) <10%(Low)

FevenKn y & NA Uncomplicated

surgery cellulitis
Isolatedfeveron
non-ICUward LowerUTI
CAR HCAP

10%- 20%(Low-Mod)

Cellulitisin ptsw
severecomorbidities

VAP

20%- 50%
(Moderate)

Cholangitis
Pyogenidiver
abscess

Acutepyelo

SevereCAP

Nonvasculashunt
infections

Severesepsis

Rigoran afebrile
patient

>50%(High)

Discitis/ VO
Epidurabbscess

Acutenative septic
joints
Meningitis
VPshuntinfections

Septicshock

Catheterelated BSI

Fabre Vet al.Does This Patient Need Blood Cultures? A Scoping Review of Indications for Blood CulturedNionAdutropenidnpatients.Clininfect Dis. 2020 Aug

22;71(5):13391347



Diagnostic Stewardship

DISTRIBUTE study:

AReducedCxrates decreased from 27.7 to 22BLx 100 pt days in
MICU

AReduced 10.9 to 7.BCx 100 pt days in the 5 medicine units
ABCxpositivity went up from 8 to 11%, P<0.001 in MICU

ASolitaryBCxdecreased by 21%

ACompliance wittBCxcomponent of theSEPL (CMSearly
Intervention measuretompliance measure was similar on the med
units and actually improved in the MICU (not significant)

Fabre Vet al.Does This Patient Need Blood Cultures? A Scoping Review of Indications for Blood CulturedNionAdutropenidnpatients.Clininfect Dis. 2020 Aug
22;71(5):13391347



Table 1

Demographics of four hospital systems performing independent interventions to reduce blood culture contamination

Hospital A Hospital B Hospital C Hospital D
Healthcare (HC) type Academic Arademic community HC system  Academic IHCS Teaching community
Integrated HC system (THCS) IHCS
For profit No No Neo No
Bed number 1229 350 788 380
Patient population Aduit Aduit Adult Adult
Pediatric Nursery, NICU Pediatric, NICU
Phlebotomy Nursing 70% Lab 05% Nursing and lab, hospital dependent Nursing 45%
Lab 30% Nursing 3% Lab 33%
BC/Year 72,000 16.000 46,934 31.840

BC/Bed 58 45 29 54

Halstead DGzt al.Reducing Blood Culture Contamination Rates: Experiences of Four Hospital Systems. [fest P020;9(2):38101



Consistently CannotDetermine by ConsistentlyPathogens
Contaminants Organism ID Alone

Enterococci

Corynebacteriungpp.  Viridans group streptococci
Bacillus spp.

Micrococcus spp.
Cutibacteriumspp

Sthphylococcus aureus
Stileptococcupneumoniae
Clostridium spp. Bgtahemolytic streptococci
Ljsteriamonocytogenes
nterobacterales
Pseudomonas aeruginosa
Neisserianeningitidis
Haemophilusnfluenzae

Anaerobic Granmegative rodsBacteroidesFusobacterium
Candida

Some organisms cae difficult to interpret when isolated from bloozlltures
Enterococci: 70% pathogens

Viridansgroupstreptococci: 38% pathogens

Clostridiumperfringens 77% contaminant; otheClostridiunmspecies: 80% pathogens

Weinstein,MP, et al.1997The clinical significance of positive blood cultures in the 1990s: a prospective comprehensive evaluation of the ngigrobiolo
epidemiology, and outcome of bacteremia afuthgemiain adults.Clin Infect. Di4:584602.




Why is 3% the Magic Number?

CAP Q Probes

Medianadult inpatient blood culture contamination rate
A1998 2.5%

A2005 <3%

Contamination Rate, %*

No. of 25th 50th (Median) 75th

Population Laboratories Percentile Percentile Percentile
Adult 326 2.23 2.92 3.80
Neonates 254 0.75 2.08 4.27
All paﬂems 356 2.15 2.89 3.67

* Contamination rates grouped by institution percentiles.

SchifmarRB,et al.Blood culture contamination: a College of American PathologigtsaDes study involving 640 institutions and 497134 specinems f
adult patients. ArcliPatholLab Med. 1998 Mar;122(3):248..; SchifmarRB,et al. ;Bekeris LG, et al. Trends in blood culture contamination: a College of
American Pathologists-Qracks study of 356 institutions. ArBlatholLab Med. 2005 Oct;129(10):1282



Is a new benchmark coming??




d wman Clinical Microbiology
SOCIETY FOR ;
N \icrosiolocy REVIEWS

PRACTICAL GUIDANCE FOR CLINICAL MICROEBIOLOGY
January 2020 Velume 33 Issue 1 e00009-19
hitps:/fdoi.org/10_1125/CMR.00005-19

Practical Guidance for Clinical Microbiology Laboratories:
A Comprehensive Update on the Problem of Blood Culture
Contamination and a Discussion of Methods for
Addressing the Problem

Gary V. Doern?, Karen C. Carroll®, Daniel J. Diekema®, Kevin W. GareyY, Mark E. Rupp®, Melvin P.
Weinstein®, Daniel J. Sexton?

& X gb8lieve that a new universal standard<t%should beconsidered in
defining allowable overall institutional blood cultu@2 y G I YA Y | GA2Y N
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VA Appropriations Bill
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Committee is aware that blood culture B8 rVeterans Affairs
contamination leads to enormous clinical

implications, labgratory ramifications, and
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House of Representativespassageof

GCKS /2YYAUUSS RANB O (n&. 4358 Nilitary Gotructipn] Mhra AN
development of a specific quality measure for andReltedAgencesfipproprations Act, 2022
blood contamination based on the ( ”My 2021 )
recommendation of less than 1% blood

culture contamination rate within 6 months of
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CLINICAL AND
/ LABORATORY
STANDARDS

Principles and Procedures for Blood Cultures el

(Proposed Draft)
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substantially lower than 3% even if 0% is not reached; when best

practices are followed, a target contamination rate of 1% is
I OKASYI 0t S de



Evidence Based Practice Guidelines

Blood Culture Contamination

VickieBaselskand Bob Sautter AMERICAN

SOCIETY FOR
MICROBIOLOGY

A
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Patient Impact
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Economic Impact

Cultures / month: 1750 Patients impacted/year:216

Contamination Rate: 1% Cost per patient: $5000

Patients impacted: 18 Potential Cost: $1.08M
02 r @ M2 -$1.08M=$2H12M potential savings
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Patient Impact Economic Impact

Cultures / month: 1750 Patients impacted/year:108
Contamination Rate: 0.5% Cost per patient: $1000
Patients impacted: 9 Potential Cost: $108K

M @n ®op: -$108Ki$HOBKepwtential savings



Contamination Rate
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Standard Metrics

Underfilledbottles with fewer true
positives

‘Overutilization
of blood culture

= BloodCQulture ContaminationRate

npg

X100



More Effective Metrics?

Positive blood cultures that yield organismp
considered contaminants

X100
Positive blooccultures

= BloodQulture ContaminationRate



MONITOR LOCATION TARGET
[JUB‘ 21-Aug 21-Sej ﬂl&\ 21-No 21-De
Contaminated blood culture Inpatient A Koiz / 0.89 \ 1.19 1.19 / 0.89 \ 1.09 0.59
Contaminated blood culture/ positivity Inpatient A \ 1404/ 2109 17.00 \10 09/ 15.00 7 09
Contaminated blood culture EDA Koz, 2,99 2 5o D 3.50 2 30
Contaminated blood culture/ positivit EDA 3990 37094 27.0% 390% 37.09 31.00
MONITOR LOCATION| TARGET
Jui2] 21-Aug 21-Sef 21-Oc 21-No 21-De
Contaminated blood culture Inpatient B Koz 0.900 1.29 0.69 2.00 1.00 1.59
Contaminated blood culture/ positivity Inpatient B 149 15.00 209 37.09 11.09 21.00
N
Contaminated blood culture EDB Xos! / 0 80\ 0.79 2 20 2 79 1.00 1.50
Contaminated blood culture/ positivit EDB \ 200 11.09 38.09 4409 1259 14.0°




Effective Solutions



Fixing the Problem
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