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T H E I M P A C T A N D P R E V E N T I O N O F  F A L S E P O S I T I V E C L A B S I S

Learning Objectives

ÅDescribe factors that impact and contribute to contamination of 
blood culture

ÅDefine current benchmarks and metrics for contamination of blood 
culture

ÅDiscuss mitigation strategies for reduction of contamination of blood 
culture



The Problem



Outside the Lab

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

Å70% cases have recent healthcare encounter or 
frequent  medical  care

ÅInfections  were  most  often  associated  with sepsis:  
lung,  urinary  tract,  skin,  and  gut. 

ÅMost common bacteria: Staph, Strep, E. coli

ÅCases per year on the rise
ÅIncreased awareness and tracking (CDC 2017 campaign)
ÅPeople with chronic diseases are living longer
ÅIncrease in organ transplant
ÅMDROs and COVID

https://www.nigms.nih.gov/education/fact-sheets/Pages/sepsis.aspx; NovosadSA, et al. Vital Signs: Epidemiology of Sepsis: Prevalence of Health Care 

Factors and Opportunities for Prevention. MMWR Morb Mortal WklyRep 2016;65:864ς869.

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


Role of Blood Culture in Diagnosis of Sepsis

ÅClinical symptoms = possible bloodstream infection  

ÅBlood cultures should be collected: 
ÅAs soon as possible after the onset of clinical symptoms

ÅBefore antimicrobial therapy



Increased Utilization of Blood Culture

ÅIncreased awareness of sepsis as 
significant risk of morbidity and 
mortality 

ÅDifficulty in predicting the risk of 
bacteremia 

ÅLow threshold for ordering the test

ÅImplementation of sepsis protocols or 
other guideline-based 
recommendations



Inside the Lab

ÅBlood culture is one of the most critical functions of                                        
the clinical microbiology laboratory

ÅaƛŎǊƻōƛƻƭƻƎȅ ƭŀōǎ ŀǊŜ ΨǊŜǎǇƻƴǎƛōƭŜΩ ŦƻǊ ǘƘƛǎ ƳŜǘǊƛŎ

CAP Checklist MIC.22630: 

"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 ratesΦέ



Basic Blood Culture Stats and Metrics

On average

Å7-10% positivity [5-15%]

Å3-5% contamination [<1-15%]

Current Metric for Blood Culture Contamination = <3%



Impact of the Problem



Impact to Diagnostics Resources

ÅRepeat blood culture and additional cultures of other sites

ÅUnnecessary PCR testing

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

ÅAdditional diagnostic testing (CBCs, echocardiography, and imaging) 

Doern GV, et al. A comprehensive update on the problem of blood culture contamination and a discussion of methods for addressing the problem.Clin
MicrobiolRev. 2020;33:1ς21



Impact to Patient Care

ÅUnnecessary antibiotics (~4-7 days)
ÅAcute kidney injury
ÅAllergic reaction
ÅDrug-drug interaction
ÅDisruption of host microbiome

ÅRemoval of devices and hardware

ÅExtended length of stay (~ 1-5 days)
ÅExtended venous access
ÅExposure to HAIs
ÅRisk of C. difficile and other MDRO
ÅAdverse event (falls, decubitus ulcers)

ÅAnchoring bias



Impact to Hospital Operations

ÅFalse-positive CLABSI

ÅPotential increase in HAI (C. diff, MDRO)

ÅAdditional hospital expenses

ÅUtilization of medical services (subspecialty consultation) 

Charges attributable to contaminated blood cultures range widelyτ

ƭŜǘΩǎ Ƨǳǎǘ ǎŀȅ Ϸрллл ŦƻǊ ŀƴ ŀǾŜǊŀƎŜ



Ψ.ŀŎƪ ƻŦ ǘƘŜ bŀǇƪƛƴΩ aŀǘƘ

Patient Impact

Cultures / month: 1750

Contamination Rate: 3%

Patients impacted: 52

Economic Impact

Patients impacted/year:624

Cost per patient: $5000

Potential Cost: $3.12M



How We Measure the Problem



Definitions

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

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

ÅContaminant =  a microorganism isolated from a blood culture that  
was  introduced during specimen collection or processing and is not 
considered responsible  for BSI (i.e. the isolates  were not present in 
ǘƘŜ ǇŀǘƛŜƴǘΩǎ ōƭƻƻŘ ǿƘŜƴ ǘƘŜ ōƭƻƻŘ  ǿŀǎ ǎŀƳǇƭŜŘ ŦƻǊ ŎǳƭǘǳǊŜύΦ

Wayne, P.A. Principles and procedures for Blood Cultures; Approved Guideline, CLSI document M47-A. Clinical and Laboratory Standards Institute



Sources of Contamination

Skin fragments colonized with microbes 
can be dislodged and inoculated into 
blood culture during venipuncture

ÅInsufficient skin disinfection

ÅImproper collection technique

ÅCollection through indwelling catheter

ÅResin-based bottles are better at 
recovering organisms like CoNS?

ÅSingle needle?
https://www.betterbloodcultures.com/best-practices/

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


What Counts?

ConsistentlyContaminants ConsistentlyPathogens

CoNS
Corynebacteriumspp.
Bacillus spp. 
Micrococcus spp. 
Cutibacteriumspp.
Viridans group streptococci 

Staphylococcus aureus 
Streptococcus pneumoniae
Beta-hemolytic streptococci 
Listeria monocytogenes
Enterobacterales
Pseudomonas aeruginosa 
Neisseria meningitidis
Haemophilusinfluenzae
Anaerobic Gram-negative rods (Bacteroides, Fusobacterium)
Candida

Weinstein, MP, et al.1997. The clinical significance of positive blood cultures in the 1990s: a prospective comprehensive evaluation of the microbiology,
epidemiology, and outcome of bacteremia and fungemiain adults.Clin. Infect. Dis.24:584-602.



Standard Metrics

Positive blood cultures that yield organisms 
considered contaminants

All blood cultures 

= Blood Culture Contamination Rate

X100



Conventional Solutions



Follow Best Practices

ÅPreparation of the venipuncture site using alcoholic chlorhexidine 
gluconate and/or tincture of iodine with 70% alcohol

ÅAdherence to hand hygiene and aseptic practices 

ÅPeripheral venipuncture preferred and avoid cultures obtained 
through lines 

ÅA minimum of two separate draws at manufacturer recommended 
volumes

ÅTransport to the laboratory as rapid as possible

*specific practices for pediatrics



Bottle Disinfection and Filling

ÅDisinfect rubber gasket

Å70% isopropyl alcohol

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

ÅBoth underfillingand overfilling blood culture vials have been 
associated with contamination and/or false-positive results 



Collection Site

ÅVenipuncture vs. intravascular catheters

ÅCatheter actually more sensitive, but less specific
ÅFor every 1,000 patients with blood cultures obtained via intravascular 

catheters, an additional 8 patients with true bacteremia would be identified, 
but 59 false-positives would also result

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

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



A Dedicated Phlebotomy Team

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

ÅStrong evidence supporting reduced contamination rates by trained 
phlebotomists compared to non-phlebotomists 

Å2.58% (95% CI, 2.07 to 3.20) mean odds ratio favors phlebotomy 
teams for decreasing blood culture contamination

Doern GV, et al. A comprehensive update on the problem of blood culture contamination and a discussion of methods for addressing the problem.Clin
MicrobiolRev. 2020;33:1ς21



Diversion Methods

ÅChange Tube Order

ÅUse Initial Specimen Diversion 
Device
ÅSteripathGen2 system (Magnolia 

Medical Technologies, Seattle, WA) 

ÅKurinLock device (Kurin, Inc., San 
Diego, CA)

Bacteria can remain 
viablein skin layers 
evenafter skinprep

Organisms can be 
introduced into blood 
culture bottle upon 

collection via 
venipuncture



Change Tube Order

ÅStudy 1: Randomized
ÅAspirated into a sterile lithium heparin tube before blood culture bottles 

(diversion group) or blood cultures first and then lithium heparin tube 
(control group). 

ÅContamination rates of 5.0% in control group cultures vs 2.0% in diversion 
group cultures

ÅStudy 2: Before and after
ÅDivert the first 7 mL to a gold- or green-top tube from 

ÅContamination rates of 2.46% in the pre-diversion protocol group vs. 1.70% 
in the post-diversion protocol group

Zimmerman FS, et al. Modification of Blood Test Draw Order to Reduce Blood Culture Contamination: A Randomized Clinical Trial. ClinInfect Dis. 2020 Aug 22;71(5):1215-1220.; 
Syed S, et al. Diversion Principle Reduces Skin Flora Contamination Rates in a Community Hospital. Arch PatholLab Med. 2020 Feb;144(2):215-220.



KurinLock

Å0.15 mL diversion volume

ÅFDA510(k)-cleareddevice



Magnolia SteriPath

Å1.5-2.0 mL diversion volume 

ÅFDA510(k)-cleareddevice



Studies

ÅProspective controlled trial, academic medical center ED

Å0.22% ISDD vs 1.78% standard practice



Studies

ÅCompatible with all blood culture bottle types

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

ÅMore studies published with Magnolia SteriPaththan KurinLock



Length of Incubation

ÅReview of 158,710 bottles

Å4-day incubation time was sufficient for the Virtuo system and media 

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

Ransom EM, et al. Evaluation of Optimal Blood Culture Incubation Time To Maximize Clinically Relevant Results from a Contemporary Blood CultureInstrument 
and Media System. J ClinMicrobiol. 2021 Feb 18;59(3):e02459-20.



Diagnostic Utilization and Stewardship

Rapid identification using MALDI-TOF MS or PCR + active antibiotic 
stewardship teams = Risk Mitigation

ÅRapid multiplex PCR for detection of pathogens directly from positive blood 
cultures 
ÅTreatment of CoNScontamination episodes 
ÅIntervention (rapid PCR, with and without active stewardship) vs. control 

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

contaminants 
Å25% in the control group to 8% and 11% in the intervention group

ÅMALDI-TOF MS identification with antibiotic stewardship intervention 
ÅReduction in days of unnecessary antibiotic therapy (3.89 to 1.31 days [P  0.001]) 
Å50% reduction in the number of vancomycin trough levels performed

Banerjee R, et al. Randomized Trial of Rapid Multiplex Polymerase Chain Reaction-Based Blood Culture Identification and Susceptibility Testing. ClinInfect Dis. 2015 
Oct 1;61(7):1071-80; Nagel JL, et al. Impact of antimicrobial stewardship intervention on coagulase-negative Staphylococcus blood cultures in conjunction with 
rapid diagnostic testing. J ClinMicrobiol. 2014 Aug;52(8):2849-54. 



Is How We Measure the Problem 
the Problem?



Pre-Test Probability

ÅtǊŜǘŜǎǘ ǇǊƻōŀōƛƭƛǘȅ ŦƻǊ ōŀŎǘŜǊŜƳƛŀ Ҧ ǇƻǎƛǘƛǾŜ ǇǊŜŘƛŎǘƛǾŜ ǾŀƭǳŜ ƻŦ ǘƘŜ 
blood culture result 

Å[ƻǿ ƭƛƪŜƭƛƘƻƻŘ ƻŦ ōŀŎǘŜǊŜƳƛŀ ҧ ŦŀƭǎŜ ǇƻǎƛǘƛǾŜ ŎǳƭǘǳǊŜǎ 

1. Create guidelines that direct blood culture ordering
ÅClinical conditions frequently associated with bacteremia

ÅUtility of follow up blood cultures (ex. Gram-negative bacteremia and some 
Strep species)



Diagnostic Stewardship Example

<5%(Very Low) <10%(Low) 10%- 20% (Low-Mod)
20%- 50%
(Moderate) >50%(High)

FeverҖпуƘǊǎof
surgery

Uncomplicated  
cellulitis

Cellulitisin ptsw 
severecomorbidities

Cholangitis 
Pyogenic liver 

abscess

Discitis/ VO 
Epiduralabscess

Isolatedfeveron 
non-ICUward LowerUTI VAP Acutepyelo

Acutenativeseptic 
joints

CAP/ HCAP SevereCAP Meningitis

Non-vascularshunt 
infections VPshuntinfections

Severesepsis Septicshock

Rigorsin a febrile 
patient CatheterrelatedBSI

Fabre V, et al. Does This Patient Need Blood Cultures? A Scoping Review of Indications for Blood Cultures in Adult NonneutropenicInpatients. ClinInfect Dis. 2020 Aug 
22;71(5):1339-1347



Diagnostic Stewardship

DISTRIBUTE study:

ÅReduced BCxrates decreased from 27.7 to 22.8 BCx/ 100 pt days in 
MICU

ÅReduced 10.9 to 7.7 BCx/ 100 pt days in the 5 medicine units

ÅBCxpositivity went up from 8 to 11%, P<0.001 in MICU

ÅSolitary BCxdecreased by 21%

ÅCompliance with BCxcomponent of the SEP-1 (CMS early  
intervention measure) compliance  measure was similar on the med 
units and  actually improved in the MICU (not significant)

Fabre V, et al. Does This Patient Need Blood Cultures? A Scoping Review of Indications for Blood Cultures in Adult NonneutropenicInpatients. ClinInfect Dis. 2020 Aug 
22;71(5):1339-1347



58 545945BC/Bed

Halstead DC, et al. Reducing Blood Culture Contamination Rates: Experiences of Four Hospital Systems. Infect Dis Ther. 2020;9(2):389-401



What Counts?
Consistently
Contaminants

CannotDetermine by 
Organism ID Alone

ConsistentlyPathogens

CoNS
Corynebacteriumspp.
Bacillus spp. 
Micrococcus spp. 
Cutibacteriumspp.

Enterococci
Viridans group streptococci 
Clostridium spp. 

Staphylococcus aureus 
Streptococcus pneumoniae
Beta-hemolytic streptococci 
Listeria monocytogenes
Enterobacterales
Pseudomonas aeruginosa 
Neisseria meningitidis
Haemophilusinfluenzae
Anaerobic Gram-negative rods (Bacteroides, Fusobacterium)
Candida

Some organisms can be difficult to interpret when isolated from blood cultures:
Enterococci: 70% pathogens 
Viridans group streptococci: 38% pathogens
Clostridium perfringens: 77% contaminant; otherClostridiumspecies: 80% pathogens

Weinstein, MP, et al.1997. The clinical significance of positive blood cultures in the 1990s: a prospective comprehensive evaluation of the microbiology,
epidemiology, and outcome of bacteremia and fungemiain adults.Clin. Infect. Dis.24:584-602.



Why is 3% the Magic Number?

CAP Q Probes

Median adult inpatient blood culture contamination rate

Å1998 2.5%

Å2005 <3%

SchifmanRB, et al. Blood culture contamination: a College of American Pathologists Q-Probes study involving 640 institutions and 497134 specimens from 
adult patients. Arch PatholLab Med. 1998 Mar;122(3):216-21.; SchifmanRB, et al. ; Bekeris LG, et al. Trends in blood culture contamination: a College of 
American Pathologists Q-Tracks study of 356 institutions. Arch PatholLab Med. 2005 Oct;129(10):1222-5.



Is a new benchmark coming??
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άΧǿŜ believe that a new universal standard of <1% should be considered in 
defining allowable overall institutional blood culture ŎƻƴǘŀƳƛƴŀǘƛƻƴ ǊŀǘŜǎΦέ



VA Appropriations Bill

άwŜŘǳŎƛƴƎ .ƭƻƻŘ /ǳƭǘǳǊŜ /ƻƴǘŀƳƛƴŀǘƛƻƴ ςThe  
Committee is aware that blood culture 
contamination leads to  enormous clinical 
implications, laboratory  ramifications, and 
ŜŎƻƴƻƳƛŎ ŎƻǎǘǎΦέ

ά¢ƘŜ /ƻƳƳƛǘǘŜŜ ŘƛǊŜŎǘǎ ±! ǘƻ ǇǊƛƻǊƛǘƛȊŜ ǘƘŜ 
development of a  specific quality measure for 
blood contamination  based on the 
recommendation of less than 1% blood  
culture contamination rate within 6 months of 
ŜƴŀŎǘƳŜƴǘΦέ

Houseof Representativespassageof
H.R. 4355, Military Construction, VeteransAffairs, 

and RelatedAgenciesAppropriations Act, 2022
(ñMILCON-VAò)

July 2021



CLSI M47 ED2-2021

Principles and Procedures for Blood Cultures

(Proposed Draft)

άLǘ ǎƘƻǳƭŘ ōŜ ǇƻǎǎƛōƭŜ ǘƻ ŀŎƘƛŜǾŜ ōƭƻƻŘ ŎǳƭǘǳǊŜ ŎƻƴǘŀƳƛƴŀǘƛƻƴ  ǊŀǘŜǎ 
substantially lower than 3% even if 0% is not reached;  when best 
practices are followed, a target contamination rate of  1% is 
ŀŎƘƛŜǾŀōƭŜΦέ



Evidence Based Practice Guidelines

Blood Culture Contamination

Vickie Baselskiand Bob Sautter



Ψ.ŀŎƪ ƻŦ ǘƘŜ bŀǇƪƛƴΩ aŀǘƘ

Patient Impact

Cultures / month: 1750

Contamination Rate: 1%

Patients impacted: 18

Economic Impact

Patients impacted/year:216

Cost per patient: $5000

Potential Cost: $1.08M

о҈Ҩм҈    ϷоΦнa-$1.08M=$2.12M potential savings



Ψ.ŀŎƪ ƻŦ ǘƘŜ bŀǇƪƛƴΩ aŀǘƘ

Patient Impact

Cultures / month: 1750

Contamination Rate: 0.5%

Patients impacted: 9

Economic Impact

Patients impacted/year:108

Cost per patient: $1000

Potential Cost: $108K

м҈ҨлΦр҈    ϷнмсY-$108K=$108K potential savings
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Standard Metrics

Positive blood cultures that yield organisms 
considered contaminants

All blood cultures 

= Blood Culture Contamination Rate

X100

Over-utilization 
of blood culture

Underfilledbottles with fewer true 
positives



More Effective Metrics?

Positive blood cultures that yield organisms 
considered contaminants

Positive blood cultures

= Blood Culture Contamination Rate

X100



MONITOR LOCATION TARGET

Jul-21 21-Aug 21-Sep 21-Oct 21-Nov 21-Dec

Contaminated blood culture Inpatient A Җо҈ 0.8% 1.1% 1.1% 0.8% 1.0% 0.5%

Contaminated blood culture/ positivity Inpatient A
14% 21.0% 17.0% 10.0% 15.0% 7.0%

Contaminated blood culture ED A Җо҈
2.9% 2.5% 1.5% 2.9% 3.5% 2.3%

Contaminated blood culture/ positivity ED A
39% 37.0% 27.0% 39.0% 37.0% 31.0%

MONITOR LOCATION TARGET

Jul-21 21-Aug 21-Sep 21-Oct 21-Nov 21-Dec

Contaminated blood culture Inpatient B Җо҈ 0.90% 1.2% 0.6% 2.9% 1.0% 1.5%

Contaminated blood culture/ positivity Inpatient B
14% 15.0% 7.0% 37.0% 11.0% 21.0%

Contaminated blood culture EDB Җо҈
0.8% 0.7% 2.2% 2.7% 1.0% 1.5%

Contaminated blood culture/ positivity ED B
20% 11.0% 38.0% 44.0% 12.5% 14.0%



Effective Solutions



Fixing the Problem


