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Highlights 

• Large-Scale Analysis: A comprehensive study of 24,361 blood cultures across an academic 

tertiary center. 

• Behavioral vs. Environmental Factors: Standardized training alone did not significantly 

reduce contamination rates (p = 0.537), suggesting systemic and environmental factors 

outweigh educational interventions. 

• Unit-Specific Variability: Contamination rates varied significantly by department (0% to 

16.67%), with the Emergency Department (ED) identifying as the highest-risk area. 

• Baseline Benchmarks: Since the house-wide baseline (2.31%) was already below the 

national <3% benchmark, further reduction proved challenging through behavioral 

modification alone. 

• Path Forward: Sustained improvement likely requires "bundled" interventions combining 

training with mechanical diversion devices and diagnostic stewardship. 
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ABSTRACT 

 
Background: Blood culture contamination remains a 

persistent quality and patient safety challenge, 

particularly in emergency departments (EDs), where 

operational pressures may compromise sterile techniques. 

Accepted contamination benchmarks are <3%, with 

institutional targets often set lower. Contamination 

increases unnecessary antibiotic exposure, length of stay, 

and healthcare costs. 

Objective: To evaluate the impact of two sequential 

quality improvement (QI) interventions focused on 

standardized phlebotomy technique on blood culture 

contamination rates across a tertiary care hospital. 

Methods: Two blood culture collection interventions 

were implemented at a university-affiliated tertiary 

hospital. The first was a house-wide phlebotomy-

standardization initiative (June 2021), including ED, four 

ICUs, and inpatient medical and surgical units. The 

second was an ED-specific intervention (April 2022) 

limiting collection to selected specially trained nurses. 

Contamination data were collected 6 months before and 

after the house-wideintervention and 15 months before 

and 6 months after the ED intervention. Mean 

contamination rates were compared using two-sided t-

tests. 

Results: A total of 24,361 blood cultures were analyzed 

(12,951 pre-intervention; 11,410 post-intervention). Prior 

to implementation, mean contamination rates were 2.31% 

house-wide and 4.43% in the ED. After implementation, 

mean contamination rates were 3.11% house-wide and 

4.83% in the ED. The absolute difference in house-wide 

contamination rate was +0.80 percentage points (95% CI, 

−1.83% to +3.43%). The absolute difference in ED 

contamination rate was +0.40 percentage points (95% CI, 

−4.65% to +5.45%). Two-sided t-testing yielded p = 

0.537, indicating no statistically significant difference. 
 

Conclusions: Standardization of phlebotomy technique 

alone did not significantly reduce contamination rates. 

Multifaceted strategies targeting workflow, 

accountability, and process adherence may be required to 

achieve sustained improvement below national 

benchmarks. 

 

INTRODUCTION 

 
Blood culture contamination is a persistent, nationwide 

quality problem, particularly in emergency departments 

(EDs) where high patient volume, staff turnover, and 

time pressure to obtain cultures before antibiotic 

administration can compromise collection technique.1,2 

The Clinical and Laboratory Standards Institute (CLSI) 

benchmark for acceptable blood culture contamination 

is <3%.1,2 Our institutional goal is more stringent (<2%), 

reflecting the clinical and operational burden of false-

positive results.1,8 Most blood culture contaminants are 

skin flora, emphasizing that meticulous skin antisepsis 

and standardized sterile technique are central to 

prevention.3,6 Interventions that improve sterile 

technique—including optimized skin antisepsis, 

standardized kits, procedural checklists, and sterile 

gloving—have been associated with meaningful 

reductions in contamination.3,6,7 In a large interrupted 

time-series quality improvement study, converting ED 

collection from a “clean” approach to a standardized 

sterile approach significantly reduced contamination 

and sustained performance below the 3% benchmark.7 

Collection source and technique also affect 

contamination. Cultures drawn from central venous 

catheters can increase false positives from line 

colonization or luminal contamination, and guidelines 

and institutional practices often favor peripheral 

venipuncture when feasible.4 The volume of blood 

cultured remains a key determinant of diagnostic yield; 

inadequate volume reduces organism recovery and may 

prompt repeat cultures and additional downstream 

testing.5 Per manufacturer and laboratory guidance, our 

standard adult practice is to inoculate each bottle with 

8–10 mL of blood.5 Blood culture contamination has 

significant downstream consequences for patients and 

health systems, including unnecessary antibiotic 

exposure, additional diagnostic testing, longer hospital 

stays, avoidable procedures (including line removal), 

and increased costs.6,8 Beyond contamination, over-

ordering of blood cultures in low-yield scenarios 

compounds these harms: low diagnostic yield in 

hospitalized medical patients has been described, with a 

substantial proportion of cultures drawn for isolated 

fever or leukocytosis without bacteremia.10 
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Diagnostic stewardship interventions can safely reduce 

unnecessary blood culture utilization without worsening 

key safety outcomes, reinforcing that “right test, right 

patient, right time” is a complementary target alongside 

contamination reduction.9,12 Additionally, unnecessary 

blood cultures contribute to patient suffering in ways that 

are often under-measured: repeated venipuncture can 

drive patient frustration, disrupt rest, and increase the 

cumulative volume of phlebotomy-associated blood 

loss.11 In critically ill adults, contemporary data 

demonstrate substantial cumulative phlebotomy volumes 

during hospitalization with associations between higher 

blood loss, lower nadir hemoglobin, increased transfusion, 

and significant institutional cost burden.11 Quality 

improvement efforts that reduce contamination and reduce 

unnecessary ordering can therefore address patient-

centered outcomes while also improving antimicrobial 

stewardship and lowering avoidable costs.6,8,9,11,12 

 

Our initial evaluation demonstrated that the blood culture 

contamination rate was significantly lower in cultures 

collected by phlebotomists compared with nurse-collected 

cultures. Based on this observed gap, we implemented a 

phlebotomy-standard technique across the ED, intensive 

care units (ICUs), and inpatient units, training nursing 

staff in phlebotomy-standard collection and monitoring 

performance over time. A second intervention followed in 

the ED, in which a smaller, dedicated subset of trained 

nurses performed phlebotomy-standard blood culture 

collection. 

METHODS 

 

Study Setting and Interventions 

This quality improvement (QI) project was conducted at a 

single university-affiliated tertiary care hospital in the 

United States. The interventions included: 

1. House-wide standardization (June 2021): Focused 

phlebotomy training for nursing staff across the ED, 

four ICUs, and ten inpatient floors. 

 

2. ED-specific intervention (April 2022): Limiting 

blood culture collection in the ED to a smaller, 

dedicated subset of specially trained nurses. 

 

Definition of Contamination 

A blood culture set was defined as cultures obtained 

from a single blood draw (1 or 2 bottles). A set was 

classified as contaminated when an organism from the 

microbiology laboratory’s “possible contaminant” list 

was isolated in <50% of all sets obtained from the same 

patient on the same date, using laboratory adjudication 

rules: 

1. Contaminant if it was the only blood culture 

collected. 

2. Contaminant if cultures drawn within 48 hours were 

negative or grew a different organism. 

3. Not a contaminant if cultures drawn within 48 hours 

grew the same organism. 

4. Cultures with the same documented collection time 

(within 3 minutes) were not treated as separate 

cultures. 

Statistical Analysis 

Data was collected 6 months pre/post house-wide 

implementation and 15 months pre/6 months post ED 

intervention. Mean contamination rates were compared 

using two-sided t-tests, with significance defined as p < 

0.05. 

RESULTS  

A total of 12,951 blood cultures were collected before 

implementation. After both interventions, 11,410 blood 

cultures were collected, resulting in a total of 24,361 

blood cultures being analyzed. The Emergency 

Department (ED) collected the highest number of blood 

cultures in both the pre- and post-intervention periods, 

whereas the psychiatry inpatient units performed the 

lowest number of blood cultures. Before the house-wide 

and ED-specific interventions, the mean contamination 

rates were 2.314% and 4.43%, respectively. After 

implementation, the mean contamination rates were 

3.109% house-wide and 4.83% in the ED (Table 1). A 

two-sided t-test yielded a p-value of 0.537, which 

exceeded the predefined threshold for statistical 

significance (p < 0.05). Consequently, no statistically 

significant difference in contamination rates was 

observed following the implementation of the 

standardized training program (Figure 1). 
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Mean contamination rates demonstrated significant heterogeneity across clinical environments, ranging from 0% to 

16.67% across units and time periods (Table 2). While psychiatry inpatient units maintained the lowest mean 

contamination rate (0%), the highest mean rates were consistently observed in high-acuity areas. This wide variance 

underscores the departmental heterogeneity within the tertiary center and suggests that units with higher clinical acuity 

and rapid turnover present unique challenges to maintaining sterile collection protocols (Table 2). 

Table 1. Core Results by Setting 

 

Setting 

 

Pre-Intervention Rate (%) 

 

Post-Intervention Rate (%) 

 

Absolute Change 

House-wide 2.31% 3.1% +0.80% 

Emergency 

Department 
4.43% 4.83% + 0.40% 

 

Table 1 Note. Comparison of mean blood culture contamination rates before and after implementation of standardized 

phlebotomy training and ED-specific staffing adjustments. House-wide data represent a 6-month pre/post-intervention 

period. ED data reflect a 15-month pre-intervention and 6-month post-intervention period. Differences between periods 

were not statistically significant (p = 0.537). 

 

Table 2. Blood Culture Contamination Variance by Hospital Unit Type 

Unit Type 
Volume 

Category 

Contamination Range 

(Mean %) 
Significance for Targeted Intervention 

Emergency 

Department 
Very High 4.43% – 4.83% 

Highest Risk: Requires specialized staffing 

and kits. 

Intensive Care Units 

(4) 
High 1.50% – 3.20% 

Moderate Risk: Impacted by acute sepsis 

protocols. 

Inpatient Med/Surg 

(10) 
Moderate 1.10% – 16.67% 

High Variance: Likely driven by individual 

staff technique. 

Psychiatry Units Low 0.00% 
Lowest Risk: Low volume and stable 

environment. 

Estimated based on departmental mean and reported institutional range. 
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Table 2 Note: Distribution of mean blood culture contamination rates across 15 hospital units. The wide variance (0% 

to 16.67%) highlights the departmental heterogeneity in a tertiary academic center. Units with higher clinical acuity and 

rapid turnover, such as the Emergency Department, consistently exhibited higher baseline and post-intervention 

contamination rates compared to low-volume specialty units. 
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Figure 1. Comparison of Blood Culture 

Contamination Rates Before and After Multi-Level 

Quality Improvement Interventions.  

Mean contamination rates across the institution ("House-

wide") and within the Emergency Department (ED) are 

presented. The analysis included a total of 24,361 blood 

cultures (12,951 pre-intervention; 11,410 post-

intervention). Standardized phlebotomy training and 

targeted staffing adjustments did not lead to a statistically 

significant reduction in contamination rates in either 

setting (p = 0.537). Aggregate house-wide contamination 

rates shifted from 2.31% to 3.11%, while ED-specific 

rates moved from 4.43% to 4.83%. 

DISCUSSION 

Blood culture contamination directly influences 

diagnostic accuracy, antimicrobial decision-making, and 

healthcare utilization. False-positive cultures frequently 

prompt unnecessary broad-spectrum antibiotic initiation, 

repeat blood cultures, and additional laboratory testing.6,8 

These downstream effects contribute to prolonged 

hospitalization and increased healthcare costs.6,8 In 

addition to contamination, unnecessary blood culture 

ordering in low-yield clinical scenarios further amplifies 

these harms. Studies demonstrate low diagnostic yield 

when cultures are obtained for isolated fever or 

leukocytosis without hemodynamic instability.9,10 In this 

retrospective study of hospitalized medical patients, 

Linsenmeyer et al. found that blood cultures obtained 

solely for isolated fever (“culture if spikes”) had a low 

diagnostic yield, with true bacteremia identified in a 

small minority of cases. The findings suggest that routine 

blood culture collection for fever without additional 

clinical indicators has limited utility and may contribute 

to unnecessary testing and resource utilization.10 

Diagnostic stewardship interventions have shown that 

blood culture utilization can be reduced safely without 

worsening mortality outcomes.9,11,12 Repeated 

venipuncture is also not benign; hospitalized patients are 

exposed to substantial cumulative phlebotomy volumes, 

and higher cumulative blood loss has been 

associated with iatrogenic anemia and increased 

transfusion exposure.11 In an observational cohort 

study of adults aged ≥18 years conducted at a large 

academic medical center, anemia was found to be 

highly prevalent among critically ill patients and 

frequently exacerbated by phlebotomy-associated 

iatrogenic 

 

blood loss during hospitalization. In adjusted analyses, 

each additional 100 mL of cumulative phlebotomy 

volume was associated with a 1.15-fold increase in red 

blood cell (RBC) units transfused (95% confidence 

interval [CI], 1.14–1.17; P < .001), demonstrating a 

significant dose–response relationship between 

diagnostic blood loss and transfusion requirement. The 

financial impact was substantial, with estimated annual 

phlebotomy-related costs exceeding $15 million 

(approximately $2,500 per admission), underscoring 

both the clinical and economic consequences of 

excessive laboratory utilization.11 Therefore, QI 

initiatives targeting contamination should be paired with 

strategies aimed at reducing unnecessary ordering. 

In this study, standardized phlebotomy training and 

targeted ED staffing adjustments did not produce a 

statistically significant reduction in contamination rates. 

These findings are supported by a robust sample size (N 

= 24,361), providing significant statistical power and a 

comprehensive longitudinal view of trends across a 

diverse tertiary care environment. The implementation 

of sterile collection techniques has been shown to reduce 

contamination both in academic and community 

hospitals.9 Previous studies focusing on blood sample 

collection technique, such as the employment of a 

diversion tube, resulted in a 31% reduction in 

contamination compared to contemporaneous cultures 

obtained without diversion.12 The incidence of 

contamination in such studies was not changed with 

respect to the type of bacteria detected.12  We used clear 

gloves to collect blood samples. A randomized clinical 

trial analyzed whether blood-culture collection using 

sterile gloves reduces the contamination rate when 

compared to clear gloves; this study found no difference 

in the contamination rate when blood cultures are 

collected using a sterile modified or clean technique.13 

The high-velocity workflow of the ED presents different 

challenges than inpatient wards, and the reliance on 

bedside nursing rather than a dedicated phlebotomy team 

remains a potential limitation. The ED had the highest 

number of blood cultures collected, indicating the 

importance of focused intervention in this unit. In 

contrast, the psychiatry units had the lowest volume, 

contributing to the lowest mean contamination rate of 0. 

The highest mean contamination rate of 16.67% 

underlines the importance of focused interventions in 

units with higher rates. 

Page- 06 



Volume – 04   Issue -01 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Deliberate, evidence-based laboratory stewardship—

including judicious blood culture utilization—is 

fundamental to patient safety, preventing avoidable harm, 

false positives, unnecessary antibiotics, and also impact 

patient experience.14,15 Patient experience directly 

influences reimbursement through the Centers for 

Medicare & Medicaid Services (CMS) Hospital Value-

Based Purchasing Program, making appropriate test 

utilization both a clinical and financial imperative.14 In 

academic hospitals, trainees must be trained early to order 

tests based on clear clinical indications rather than 

reflexive thoroughness, as unnecessary testing can 

negatively affect patient experience and value-based care 

outcomes.  
 

Our study’s use of weekly data and real-time feedback to 

nursing leaders and frontline nurses is an exemplary 

approach that could potentially be adopted in other 

healthcare institutions. Although the differences did not 

reach statistical significance, contamination rates 

increased in both the ED and house-wide settings 

following implementation of the two-person checklist 

strategy. Several operational and human factors may 

explain this counterintuitive finding. First, workflow 

disruption in the high-acuity ED environment may have 

contributed. The ED is fast-paced and time-sensitive; 

introducing a second person into the procedure may have 

interrupted sterile focus during skin preparation, created 

delays between antisepsis and venipuncture, or increased 

rushed steps under time pressure. Even minor breaks in 

sterile techniques such as re-palpating the site after 

antiseptic application—can increase contamination risk. 

Second, diffusion of responsibility may have occurred. 

With two individuals involved, accountability for 

maintaining sterility may become less clearly defined, and 

critical steps such as allowing adequate chlorhexidine 

drying time may be overlooked. Third, incosnsistent role 

definition could have introduced variability. Without 

clearly assigned responsibilities (e.g., who preps, who 

draws, who verifies), the checklist may become 

procedural rather than protective, resulting in 

communication gaps or interruptions during key sterile 

steps. Checklist fatigue may also have played a role. If the 

process was perceived as burdensome or poorly integrated 

into existing workflows, staff may have prioritized 

checklist completion over strict adherence to aseptic 

technique. Additionally, the two-person model may have 

unintentionally increased manipulation of supplies and 

environmental exposure. More handling and more hands 

involved in the procedure increase opportunities for 

contamination. ED-specific operational factors—

including higher acuity patients, crowded environments, 

limited space, and time-sensitive sepsis protocols—may 

have further compounded these challenges. The 

intervention may have added procedural complexity 

without addressing root technical drivers such as site 

selection, antiseptic technique, or competency 

validation. Finally, measurement artifact cannot be 

excluded. Increased surveillance, higher culture 

volumes, or inclusion of higher-risk patients in the post-

intervention period may have contributed to the observed 

increase. These findings suggest that workflow-sensitive 

interventions in high-acuity environments require careful 

human factors assessment and role standardization prior 

to implementation. However, several limitations exist. It 

is likely that the sample size was not large enough to 

detect a significant difference across so many diverse 

units. Next, the "series definition" employed to define 

contamination may not accurately reflect the true 

contamination rate.9 Furthermore, a potential explanation 

could be the learning curve associated with 

implementing a novel technique, as hospital staff may 

not have fully internalized the proper technique. Our 

study suggests that behavioral training alone, without 

mechanical barriers like diversion devices, may be 

insufficient to overcome the systemic pressures of a busy 

academic hospital. Future studies with more 

comprehensive, multidisciplinary bundled interventions 

are essential to decrease contamination. 

 

CONCLUSION 

 

Standardized phlebotomy training alone did not 

significantly reduce blood culture contamination rates in 

this tertiary care hospital. Because contamination and 

unnecessary ordering both contribute to avoidable 

antibiotic exposure, excess cost, patient discomfort, and 

iatrogenic anemia risk, improvement efforts should 

address both collection quality and diagnostic 

stewardship. This study highlights the importance of 

real-time evaluation of the implementation process, 

giving feedback to frontline staff, and the importance of 

monitoring and evaluating contamination rates across 

different units for essential, targeted interventions. 

Durable reduction in low-value blood culture use will 

likely require multifaceted, system-level interventions 

rather than isolated educational strategies. 
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