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Abstract

Background
Blood cultures are vital to diagnostic workups among many hospitalized patients, providing 
valuable information about bloodstream infections (BSIs), which cause roughly 250 000 deaths 
annually between North America and Europe. Despite advances in health care, blood culture 
contamination remains a substantial problem, with deleterious effects on patient mortality, 
patient and hospital costs, and microbial resistance. This article reviews the repercussions 
of blood culture contamination on the health care system and delineates evidence-based 
strategies to decrease contamination rates.

Methods
To reduce blood culture contamination rates, our health care facility undertook a quality im-
provement initiative. A task force was created, consisting of leadership from the laboratory, 
phlebotomy, nursing, pathology, internal medicine teams, emergency medical services, and 
others. Measures included comprehensive staff training, standardization of protocols and 
supplies across facilities, and the introduction of waste tubes and smaller-volume chlor-
hexidine applicators for skin preparation. Data on blood culture contamination rates were 
collected before and after implementation.

Results
Prior to the intervention, the average monthly blood culture contamination rate across 
our facilities was 3.76%. Following the intervention, this rate decreased significantly to 
2.07%, representing a reduction of 44.95%. Statistical analysis revealed a strong association 
between the implemented interventions and the decreased contamination rates, with a 
chi-square value of 62.3, 1 degree of freedom, and a P value of less than .001. These results 
indicate that the interventions were highly effective. Furthermore, the reduced contamina-
tion rates were sustained in the subsequent months, consistently remaining below 2%.

Conclusion
The study demonstrated a substantial reduction in blood culture contamination rates 
through targeted interventions, highlighting the efficacy of combining evidence-based 
strategies with interdisciplinary teamwork to improve patient care outcomes.
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Introduction
Blood cultures are pivotal in identifying blood-
stream infections and guiding clinicians in 
appropriate treatment decisions. However, 
contamination undermines the reliability of 

results, leading to misdiagnosis and potential 
harm to patients. This article briefly reviews the 
effects of blood culture contamination on the 
health care system and presents current evi-
dence-based strategies to reduce its prevalence. 
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The presence of bacteria in the bloodstream is 
referred to as bacteremia, and persistent bac-
teremia, also known as bloodstream infections 
(BSIs), is linked with significant mortality.1,2 
Between North America and Europe, approx-
imately 250 000 patients die annually due to 
BSIs.2,3 The gold standard for diagnosing BSIs 
is obtaining blood cultures.1 Despite advances 
in health care, contamination of blood cultures 
remains a substantial problem, with approxi-
mately one-third to one-half of positive blood 
cultures representing contamination.4,5 The 2 
general metrics used to define blood culture 
contamination are as follows: “the percentage 
of all positive blood cultures that yield organ-
isms judged to be contaminants (ie, overall 
blood culture contamination rate), or the per-
centage of all blood cultures obtained that are 
contaminated.”5 

Blood culture contamination ranges from 2% 
to 10% during emergency department and in-
patient care.6 False positive blood cultures have 
many consequences, such as more protracted 
hospital stays and thus increased risk of nos-
ocomial infections, exposure to unnecessary 
antibiotics, which in turn can result in increased 
antibiotic resistance, increased cost for the pa-
tient, and an increased strain on the laboratory, 
phlebotomy, nursing, and pharmacy teams.4,7 
The standard for blood culture contamination 
is less than 3%, as recommended by the Clinical 
and Laboratory Standards Institute.8,9 

Common organisms deemed to be contam-
inants are coagulase-negative Staphylococci 
(CoNS), Propionibacterium spp, Micrococcus 
spp, Cutibacterium, Corynebacterium spp, and 
Bacillus spp, other than Bacillus anthracis.4,5 
Common pathogens that should always raise 
concern for a true BSI include Staphylococcus 
aureus, Streptococcus pneumoniae, Escherichia 
coli, Enterobacteriaceae, Neisseria spp, Hae-
mophilus influenzae, Pseudomonas aeruginosa, 
and Candida albicans.4 

Blood culture contamination carries substantial 
consequences across many facets of the health 
care system. Our utmost responsibility is to 
patient care, and contaminated blood cultures 
increase the patient’s length of stay, exposure 
to unnecessary antibiotics, cost, and overall 
mortality.6,10-12 A study by Alhamadi et al demon-
strated that blood culture contamination in 

hospitalized patients increased the length of 
stay by 5.4 days on average and increased the 
cost to the patient by roughly $7500.12 In a 
study published in 2015 by Van der Heijden et 
al, patients were treated with antibiotics for 
an average of 7 days for a contaminated blood 
culture.13 Exposure to unnecessary antibiotics 
has many unintended side effects. It increases 
the risk of drug reactions and organ toxicity, 
disrupts the host microbiome, and increases 
antimicrobial resistance.13 Contamination also 
increases the workload for the laboratory, phle-
botomy, nursing, and pharmacy teams.5,6,11  

Numerous methods are commonly used in 
hospitals across the United States to decrease 
blood culture contamination. Notable examples 
include comprehensive training programs on 
proper blood collection techniques and aseptic 
practices, developing and enforcing standard-
ized protocols for blood culture collection, 
creating quality assurance programs, utilizing 
chlorhexidine gluconate swabs for skin prepa-
ration, using continuously monitored blood 
culture systems, amongst many others.5,13,14 
By implementing several methods, our facility 
significantly reduced the percentage of blood 
culture contamination by greater than 40%, 
from an average of 3.76% of patients to 2.07%, 
and maintained this reduced percentage for 
7 months and continued at this rate until the 
time of this writing.

Methods 
During the fall of 2023, our facility began imple-
menting numerous measures to reduce blood 
culture contamination. A quality improvement 
team was assembled with leadership from the 
laboratory, phlebotomy, nursing, pathology, 
internal medicine teams, emergency medical 
services (EMS), and others. Laboratory leaders 
collected blood culture data regarding blood 
cultures from our main hospital, stand-alone 
emergency departments, and patients brought 
in via EMS for the 6 months prior to the start 
of this project. Utilizing the hardware/software 
from MobiLab Solutions, blood cultures ob-
tained were linked with the staff member who 
drew them. The data were separated by geo-
graphic location where it was drawn, whether 
the staff member was part of the phlebotomy, 
nursing, or another team, and who the staff 
member was. Microsoft Excel was used for 
the statistical data analysis, including the chi-



Eisenberg et al. (2024) 5:5. https://doi.org/10.36518/2689-0216.1892

561

square analysis. Pre-intervention and post-in-
tervention contamination rates were compared 
to assess the effectiveness of the implemented 
procedural changes.

The criteria our facility used to define blood 
culture contamination was as follows: the or-
ganism is commonly considered a contaminant, 
(ie, CoNS, Propionibacterium spp, Micrococcus 
spp, Cutibacterium, Corynebacterium spp, and 
Bacillus spp, other than Bacillus anthracis), and 
that the organism appeared in only 1 of 2 sets 
of cultures (ie, 1 aerobic and 1 anaerobic bottle). 
If the organism appeared in both blood culture 
sets (ie, all 4 bottles), it was considered true 
bacteremia.

Nursing and phlebotomy leadership provided 
facility-wide formal education for staff that 
routinely draw blood cultures. This included 
proper techniques and protocols, such as skin 
preparation and appropriate aseptic technique, 
venipuncture, the number of vials and blood 
volume to draw, and the use of a waste tube 
for the first 1-3 cc of blood drawn for each set 
of blood cultures. To facilitate a more accessi-
ble collection of blood cultures and adherence 
to new policies, collection kits were assembled, 
which included 2 sets of blood culture bottles 
(2 aerobic and 2 anaerobic) premarked to the 
appropriate fill line, two - 3 mL white top waste 
tubes, two - 1 mL chlorhexidine applicators, and 
6 alcohol wipes.

Blood draws for cultures were drawn by fresh 
intravenous (IV) sticks using the new sterile 
methods documented previously but were also 
drawn from existing central venous catheters. 
Hospital policy prohibits blood culture col-
lection from peripheral IV sites. Waste tubes 
were used to discard the initial 1-3 cc of blood 
and were sent down to the laboratory with 
the other vials to ensure they were being used.  
Waste tube usage was tracked with a goal of 
greater than 90% usage, with actual usage 
being roughly 98%. This study used all blood 
culture data obtained, including from medical 
and surgical intensive care units (ICUs), the pri-
mary emergency department, all freestanding 
emergency departments, medical and surgical 
floors, obstetric floors, and pediatric floors. The 
analysis included all adult and pediatric pa-
tients, although adult and pediatric contamina-
tions were not separated within the data. Data 

were separated by hospital location, although 
not delineated by peripheral IV versus central 
venous catheter draw. 

Before the start of this project, our facility had 
a dedicated phlebotomy team on the medical/
surgical floors of our main hospital, which has 
been shown to decrease blood culture contam-
ination.6,12,14 Leadership from the phlebotomy 
department assembled a phlebotomy team 
specifically for the emergency department to 
assist nurses in blood draws.

This quality improvement project was reviewed 
by  the facility's Institutional Review Board and 
was determined exempt from oversight.

Results 
The implementation of new procedures com-
menced in the fall of 2023, and an assessment 
of the blood culture contamination rates was 
conducted for the periods before and after 
these changes. Training and re-education of 
staff members occurred throughout this time, 
with roughly 220 emergency department 
nurses, 30 phlebotomists, and 100 ICU nurs-
es involved. Between March 2023 and August 
2023, the average monthly blood culture con-
tamination rate was 3.76% (±0.56%), with 409 
contaminated cultures out of a total of 10 904 
collected cultures during this period. Following 
the implementation of new procedures, from 
September 2023 to March 2024, the average 
contamination rate decreased to a monthly 
average of 2.07% (±0.69%), with 269 contam-
inated cultures out of a total of 13 092 collect-
ed cultures. This represents a notable 44.95% 
reduction in blood culture contamination rates 
following the implementation of the new pro-
cedures. This decrease in contamination rates 
is illustrated below in Figure 1, with month-by-
month figures included in Table 1.

Before the implementation, the monthly aver-
age of positive blood culture was 1817 (±154), 
and 1870 (±148) post-implementation. Concur-
rently, the average monthly contaminations 
decreased significantly from a pre-implemen-
tation monthly average of 68 (±9) to a post-im-
plementation monthly average of 34 (±11).

Statistical analysis demonstrated a strong 
association between the intervention and the 
reduction in contamination rates. The chi-
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square test yielded a value of 62.3 with 1 degree 
of freedom. According to the chi-squared dis-
tribution table, a chi-square value of 62.3 with 
1 degree of freedom exceeds the critical value 
of 10.83 at the .001 significance level. Therefore, 
the corresponding P value is less than .001, indi-
cating a highly significant result.

The chi-square test assesses whether the 
observed frequencies of contamination rates 
differ significantly from what would be ex-
pected by chance alone. In this case, the high 
chi-square value strongly suggests that the ob-
served reduction in contamination rates is not 
due to random variation but is a direct result of 
the implemented procedural changes.

Outcomes were further analyzed based on 
health care location, specifically the emer-
gency department, ICU, and medical/surgical 

floors, to determine which location was most 
impacted by the interventions. The emergency 
department was expected to have the greatest 
impact due to the lack of phlebotomy support, 
a factor substantiated by multiple publications 
focused on this setting.6,15,16 Data were analyzed 
based on the number of contaminated blood 
cultures against the number of positive blood 
cultures. Analyzing contamination rates based 
on the number of positive cultures, rather than 
total cultures, provides more meaningful in-
sight. This approach focuses on relevant cases, 
where an infection is confirmed, reducing the 
noise from negative results. It enhances accura-
cy by targeting clinically significant cases, helps 
in pinpointing areas for improvement, and 
allows for better comparison across different 
departments. Although analyzing total cultures 
offers a broad overview, focusing on positive 
cultures ensures targeted and effective con-

Figure 1. A line graph delineates the percentage of blood culture contamination per month for 12 
months, with the solid blue line representing the trend of the percentage of contaminations per 
month. The horizontal orange line at 2.0% represents the goal maximum contamination rate.   

Table 1. Percentages and Quantities of All Blood Cultures Deemed Contaminants From March of 
2023 Through March 2024   

Month
Mar 
'23

Apr 
'23

May 
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Jun 
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Jul 
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Aug 
'23

Sep 
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Oct 
'23

Nov 
'23

Dec 
'23

Jan 
'24

Feb 
'24

Mar 
'24

Total number 
blood cultures

1588 1809 1650 2043 1883 1931 1726 1774 1795 1951 2182 1908 1756

Total number 
contaminated 

53 66 70 64 73 83 63 40 29 37 40 35 25

Percent
contaminated
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Figure 2. Bar graphs delineate the number of positive blood cultures versus blood culture contam-
inant per month for 13 months. 

tamination control across different depart-
ments, as illustrated in Figure 2.

• Emergency Department: Of all positive 
blood cultures, the rate of contaminants 
decreased from 35.4% to 22.0%, indicating 
a 37.9% reduction.

• Intensive Care Units: Of all positive blood 
cultures, the rate of contaminants de-
creased from 16.0% to 14.6%, indicating an 
8.5% reduction.

• Medical/Surgical Floors: Of all positive 
blood cultures, the rate of contaminants 
decreased from 8.5% to 7.0%, indicating an 
18.5% reduction.

These results indicate that the emergency 
department saw the most significant improve-
ment, likely due to the greater initial contami-
nation rates and lack of dedicated phlebotomy 
support. While smaller, the observed reduc-
tions in the ICU and medical/surgical floors 
represent meaningful improvements in blood 
culture contamination rates.

The significance of these findings is substan-
tial, as maintaining our facilities’ contamination 
rates below 2% has important implications for 
patient care and hospital efficiency. Reduced 
contamination rates decrease the likelihood of 

false-positive results, which can lead to unnec-
essary treatments, increased health care costs, 
and prolonged hospital stays. By effectively 
reducing contamination rates to less than 2%, 
despite a national goal of less than 3%, the in-
tervention enhanced the accuracy of blood cul-
ture diagnostics and improved overall patient 
outcomes and operational efficiency.

Discussion 
A blood culture contamination reduction task 
force was established to address the issue of 
excessive blood culture contamination. Iden-
tifying and refining several flaws in the blood 
culture collection process have significantly 
contributed to a marked reduction in blood 
culture contamination rates. This discussion 
focuses on the key changes and implementa-
tions made in response to the identified flaws, 
emphasizing their impact on improving the 
overall integrity of blood culture samples. 

One of our several changes involved using 
waste tubes during venipuncture for blood 
draws. By providing clear guidelines on when 
waste tubes were permissible and ensuring 
their proper application, the risk of introducing 
contaminants into blood culture samples was 
minimized, resulting in a more accurate repre-
sentation of the patient’s bloodstream.
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The presence of different policies addressing 
blood culture collections, each with different 
recommendations for scrub time and drying 
time, highlighted the need for standardiza-
tion. A key adjustment was made to the policy 
regarding chlorhexidine applicator volume and 
drying time. The applicator size was reduced 
from 3 mL to 1 mL, allowing staff to align its 
use with the chlorhexidine manufacturer’s 
guideline of a 30-second scrub and a 30-sec-
ond drying time. This standardization provided 
clarity for health care personnel and ensured a 
reliable and uniform approach to blood culture 
collection, reducing the likelihood of procedural 
errors. 

To decrease blood culture contamination 
rates, staff underwent comprehensive training 
facilitated by nursing and phlebotomy leader-
ship. This included formal education sessions 
on proper skin preparation, aseptic technique, 
and venipuncture procedures, emphasizing the 
use of fresh IV sticks and avoiding draws from 
existing IV sites or central venous catheters. 
Staff were also trained on the appropriate 
use of waste tubes to discard the initial 1-3 cc 
of blood, reducing contamination risks. Stan-
dardized protocols were established, including 
a 30-second scrub and drying time with chlor-
hexidine, to ensure uniform practices. Pre-
made blood culture collection kits were provid-
ed, containing necessary supplies to support 
adherence to these protocols. Additionally, the 
MobiLab Solutions software was utilized to 
track staff involvement in blood draws, enhanc-
ing patient identification accuracy and ac-
countability. Staff identified as needing further 
training received targeted support to improve 
compliance and technique, contributing to the 
overall reduction in contamination rates.

In response to the identified issue of blood 
culture contamination, we utilized a software 
solution (MobiLab Solutions) to track staff 
involvement in blood draws. MobiLab Solu-
tions allows staff members to scan a patient’s 
wristband before drawing labs, and it will 
subsequently print patient-specific labels for 
the lab orders entered by a provider. When sent 
to the lab, these printed labels are adhered to 
the blood draw vials, increasing patient identi-
fication accuracy. This approach also allowed us 
to efficiently identify staff members responsi-

ble for each blood culture draw, enabling us to 
pinpoint recurrent instances of contamination. 
The utilization of MobiLab allowed staff to log 
in to the handheld device for individual blood 
draws and thus facilitated the recognition 
and monitoring of individuals who required 
additional training or support in adhering to 
our new blood culture collection protocols. 
By streamlining the process of logging blood 
draws, we gained valuable insights into individ-
ual performance and were able to address any 
patterns of repeated contamination effectively. 
Utilizing MobiLab has proven instrumental in 
improving accountability and promoting adher-
ence to proper blood culture collection proto-
cols among staff, ultimately contributing to the 
overall reduction in contamination rates.

Prior to the implementation, the average 
number of positive blood cultures per month 
was 1817 (±154), which increased slightly to 1870 
(±148) after the implementation. Meanwhile, 
the average monthly contaminations signifi-
cantly decreased from 68 (±9) before the im-
plementation to 34 (±11) afterward. The effects 
of these implementations showed variation 
depending on the location within the hospital, 
with the emergency department seeing the 
largest decline in blood culture contaminants. 
Emergency departments saw a 37.9% decrease 
in contamination rate. Intensive care units saw 
a decrease of 8.5%, and medical/surgical floors 
saw a decrease of 18.5%. 

While the observed decrease in contamination 
rates is indeed promising, it's essential to ac-
knowledge that statistical significance remains 
a consideration, as indicated by the chi-square 
analysis. This recognition underscores the 
complexity of health care environments and 
the multifaceted nature of factors impacting 
blood culture outcomes. While the implement-
ed changes have undoubtedly contributed to 
the reduction in contamination rates, other 
variables may also be at play, necessitating 
continued monitoring and data collection to 
ascertain the sustained effectiveness of the 
interventions over time. At the time of this 
analysis, contamination rates have consistently 
remained below 2.00% for 5 months. We antic-
ipate that this trend will persist, establishing 
a new average contamination rate of less than 
2%.
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Besides the clinical implementations, the finan-
cial implementation of blood culture contami-
nation is substantial. Patients with contaminat-
ed blood cultures had experienced an average 
hospital stay that was 5.4 days longer (95% 
confidence interval [CI], 2.8-8.1) and incurred 
higher hospital costs of $7502 (95% CI, $4925-
$10 078) per patient. Additionally, pharmacy 
costs per patient increased by $95 and labora-
tory costs by $61.12 A comparative study con-
ducted in St. Louis, Missouri,17 similarly demon-
strated that patients with contaminated blood 
cultures had significantly higher total hospital-
ization costs, including a $4100 increase (95% 
CI, $740-$7400) in total costs, a $700 increase 
(95% CI, $20-$1400) in antimicrobial costs, and 
a $330 increase (95% CI, $140-$300) in labo-
ratory costs. While the increase in length of 
stay in that study was not statistically signif-
icant, the economic burden of contaminated 
blood cultures underscores the importance of 
minimizing contamination through improved 
collection protocols.

Continuous data collection and analysis are im-
perative to gain a more comprehensive under-
standing of the continued effectiveness of our 
interventions. Extended monitoring will provide 
a clearer picture of the sustained impact of the 
implemented changes, facilitating a more accu-
rate evaluation of the long-term effectiveness 
of our strategies in minimizing blood culture 
contamination rates. Continuous vigilance, data 
collection, and analysis will remain instrumental 
in refining our protocols and ensuring ongoing 
improvements in patient care and laboratory 
practices.

Limitations
Several limitations exist regarding this study, 
including that it was a single-center study with 
a limited data time frame, potential confound-
ing variables, and outcome measures. Since 
this study was conducted within a single health 
care facility, this could limit the generalizability 
of the findings to other settings with poten-
tially different resources, patient populations, 
pharmacy costs, and staffing structures. This 
study covered 6 months prior to intervention 
and 7 months after intervention. Although this 
study has demonstrated a consistent and sig-
nificant decrease in contamination rates over a 
7-month period, it may not capture the further 
sustainability of these implemented changes. 

Additionally, a longer follow-up may better 
assess long-term trends or cyclical variations in 
blood culture contamination rates.  

Despite efforts to implement standardized 
protocols and training, inherent biases or vari-
ations in adherence to new procedures among 
staff members may have influenced any results 
obtained from this study. A limiting factor is 
that the points in time when specific technique 
changes were implemented (eg, waste tubes) 
were not explicitly recorded. Thus, the actual 
effect of these techniques cannot be differen-
tiated from the whole. Other unmeasured con-
founding variables, such as underlying disease 
severity, patient presentations, characteristics, 
or environmental factors, such as emergency 
department crowding, could also impact blood 
culture contamination rates. While the primary 
outcome of this study focused on blood culture 
contamination rates, other relevant endpoints, 
such as clinical outcomes (eg, mortality, length 
of stay, etc), the burden on staff, or patient 
satisfaction, were not assessed. Therefore, the 
full impact of contamination reduction efforts 
on patient care and health care utilization re-
mains to be determined. 

Implications 
This study provides valuable insights into 
effective strategies for reducing blood culture 
contamination rates. These insights can in-
form clinical practice and quality improvement 
initiatives in health care facilities. Implementing 
comprehensive training programs, standard-
ized protocols and supplies, and dedicated 
phlebotomy teams can enhance the integrity of 
blood culture results and optimize patient care. 
Health care institutions may consider allocating 
resources to improve blood culture collection 
practices and implement quality assurance 
programs to minimize contamination rates. 
While initial investments may be required, the 
potential cost savings associated with reduced 
unnecessary antibiotic use and health care-as-
sociated infections could outweigh the expen-
ditures in the long run.

This study's success in reducing contamination 
underscores the importance of interdisciplinary 
collaboration among health care professionals, 
including laboratory staff, nurses, phleboto-
mists, and quality improvement teams. Es-
tablishing clear communication channels and 
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promoting teamwork are essential for imple-
menting and sustaining effective interventions. 
Further research is warranted to validate the 
findings of this study in diverse health care 
settings and explore additional interventions 
for minimizing blood culture contamination. 
Longitudinal studies with extended follow-up 
periods and robust outcome measures are 
needed to assess the long-term impact and 
sustainability of contamination reduction 
strategies on patient outcomes and health care 
utilization. Additionally, qualitative research 
methods could provide deeper insights into the 
barriers and facilitators of implementing such 
interventions in clinical practice.

Conclusion 
The comprehensive changes and implementa-
tions made in response to the identified flaws 
in our procedures collectively contributed to a 
significant 44.95% reduction in blood culture 
contamination rates. The chi-square analysis 
strongly supports that this reduction was not 
due to random chance but was likely a direct 
result of the procedural improvements. These 
adjustments underscore our commitment 
to evidence-based practices and highlight 
the potential for sustained improvements in 
patient care outcomes through the identifica-
tion and targeted rectification of procedural 
flaws in blood culture collection processes. The 
highly significant results demonstrate that 
effective interventions can lead to substantial 
and reliable improvements in clinical practice, 
ultimately enhancing patient safety and care 
quality.
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