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Abstract

Objective: To determine patient-specific risk factors and clinical outcomes associated with contaminated blood cultures.

Design: A single-center, retrospective case-control risk factor and clinical outcome analysis performed on inpatients with blood cultures
collected in the emergency department, 2014–2018. Patients with contaminated blood cultures (cases) were compared to patients with neg-
ative blood cultures (controls).

Setting: A 509-bed tertiary-care university hospital.

Methods: Risk factors independently associated with blood-culture contamination were determined using multivariable logistic regression.
The impacts of contamination on clinical outcomes were assessed using linear regression, logistic regression, and generalized linear model
with γ log link.

Results: Of 13,782 blood cultures, 1,504 (10.9%) true positives were excluded, leaving 1,012 (7.3%) cases and 11,266 (81.7%) controls. The
following factors were independently associated with blood-culture contamination: increasing age (adjusted odds ratio [aOR], 1.01; 95% con-
fidence interval [CI], 1.01–1.01), black race (aOR, 1.32; 95% CI, 1.15–1.51), increased body mass index (BMI; aOR, 1.01; 95% CI, 1.00–1.02),
chronic obstructive pulmonary disease (aOR, 1.16; 95% CI, 1.02–1.33), paralysis (aOR 1.64; 95% CI, 1.26–2.14) and sepsis plus shock
(aOR, 1.26; 95% CI, 1.07–1.49). After controlling for age, race, BMI, and sepsis, blood-culture contamination increased length of stay
(LOS; β= 1.24 ± 0.24; P < .0001), length of antibiotic treatment (LOT; β= 1.01 ± 0.20; P < .001), hospital charges (β= 0.22 ± 0.03;
P < .0001), acute kidney injury (AKI; aOR, 1.60; 95% CI, 1.40–1.83), echocardiogram orders (aOR, 1.51; 95% CI, 1.30–1.75) and in-hospital
mortality (aOR, 1.69; 95% CI, 1.31–2.16).

Conclusions: These unique risk factors identify high-risk individuals for blood-culture contamination. After controlling for confounders,
contamination significantly increased LOS, LOT, hospital charges, AKI, echocardiograms, and in-hospital mortality.

(Received 27 October 2020; accepted 4 February 2021; electronically published 26 April 2021)

Blood cultures are considered the gold standard for detecting
bloodstream infections; they facilitate prompt and directed antimi-
crobial therapy for patients with sepsis.1–4 However, false-positive
blood culture results can lead to inappropriate clinical evaluation
and treatment, leading to unnecessary patient risk.2,3,5–7 Blood
culture contamination with skin microflora is believed to be the
primary cause of false-positive blood culture results; however, nee-
dle contamination and collector contamination have also been
implicated.2,8,9 Reported institutional blood-culture contamina-
tion rates vary significantly, from 0.6% to 10%, and the Clinical
Laboratory Standards Institute recommends that institutions strive
to achieve a contamination rate <3%.2,4 Efforts to reduce blood-
culture contamination include the use of dedicated phlebotomists,

the use of diversion devices, and ensuring proper sterile technique
when collecting cultures.2,4,7–15

Reported risk factors associated with blood-culture contami-
nation include poor collection method, staff competency,
increased patient age, presence of comorbidities, and patient ill-
ness severity.2–5,16,17 However, most of the relevant studies are rel-
atively small, are performed over short periods, or focus on
provider-specific risk factors rather than patient-specific risk
factors. Additionally, with the introduction of the Centers
for Medicare and Medicaid Services sepsis core measure
(SEP-1),18–21 the practice of “code sepsis” in emergency depart-
ments to expedite blood culture collection is increasing.
Although this intervention likely improves time to antibiotic
administration, it may compromise sterile technique, which
worsens contamination rates. Since the introduction of code
sepsis at our institution, emergency-department blood-culture
contamination rates have increased to >6%.
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Small studies, with short-term follow-up, have shown that
patients with false-positive blood cultures receive more aggressive
work-ups and treatment and that they experience increased lengths
of stay (LOS), hospital costs, patient morbidity rates, and mortality
rates.2,3,5–7 To better assess patient-specific risk factors and clinical
outcomes associated with blood-culture contamination, we per-
formed a large, retrospective, case-control study among hospital-
ized patients following blood cultures collected in our emergency
department over a 4-year period.

Methods

Study design

A single-center, retrospective, case-control study was performed at
a 509-bed academic hospital in Little Rock, Arkansas. Electronic
medical records of adult inpatients with blood culture collected
in the emergency department between May 2014 and March
2018 were reviewed. The blood culture first performed per admis-
sion was defined as a blood-culture episode. The study was deter-
mined to be non–human-subject research by our institutional
review board (IRB no. 228078).

Patient selection

Patients with positive blood culture revealing microbial contami-
nants were considered cases and patients with negative blood cul-
ture were considered controls. Patients with positive blood culture
not meeting microbial contaminant definition (true positive) were
excluded from all analyses. Patients were also excluded if they were
<18 years old, were discharged directly from the emergency
department without inpatient admission, or if the blood culture
was collected outside the emergency department. Blood-culture
collections on inpatient units were excluded to better evaluate
the clinical impact of blood-culture contamination at the time of
admission on the entire hospitalization. Cultures collected from
sources other than blood were excluded.

Blood culture collection

Standardized institutional blood-culture collection guidelines rec-
ommend the collection of 2 sets of blood samples from 2 peripheral
sites, 15 minutes apart, following antiseptic sterilization. Dedicated
phlebotomy teams were not present in the emergency department;
thus, blood culture collection was performed primarily by regis-
tered nurses (>97%). During the study period, aseptic blood cul-
ture collection technique training was performed upon hire to the
emergency department without routine assessment or return
demonstration.

Determination of contaminant cultures

Microbial contaminants were defined according to the labora-
tory guidelines (ie, 1 of 2 sets positive for an organism rarely
pathogenic, such as coagulase negative staphylococci, Micrococcus,
Corynebacterium, Bacillus spp nonanthracis, or viridans streptococci)
adopted frompreviously published recommendations.1 If only 1 set of
blood cultures was obtained, positive cultures were considered true
positives.

Data collection

Patient demographics, comorbid conditions, vital signs on presen-
tation, laboratory data, and clinical data were extracted from the
electronic medical record on all eligible patients during the study

period. Comorbid conditions included congestive heart failure
(CHF), chronic obstructive pulmonary disease (COPD), diabetes
mellitus (DM), hypertension (HTN), liver disease, peripheral vascular
disease (PVD), chronic kidney disease (CKD), paralysis, drug abuse,
and presence of a malignancy. The identity and position of staff
responsible for collecting each blood culture were also extracted from
the electronic medical record for each eligible blood culture.

Determination of sepsis status

Systemic inflammatory response syndrome (SIRS) criteria
included temperature ≥38°C or <36°C, heart rate >90 per minute,
respirations >20 per minute, and/or white blood cell count
>12,000 or <4,000 cells/μL occurring within the first 2 hours of
presentation. Sepsis was defined by having met 2 or more SIRS cri-
teria because this implied clinical concern for infection given that
all included patients had blood culture obtained. Sepsis plus shock
was defined as meeting sepsis criteria and also having hypotension
within the first 2 hours of presentation, defined as a systolic pres-
sure <100 mmHg.

Code sepsis definition

Upon code sepsis activation, several individuals are called to
respond urgently to the bedside to obtain patient work-up and
administer treatments. Details of code sepsis activation are pro-
vided in the Supplementary Material (online). Code sepsis was
introduced into the emergency department in March 2015 and
could be activated by a nurse of physician when 2 or more SIRS
criteria were met and the patient was either hypotensive or a physi-
cian determined that activation was appropriate.

Risk factor analysis

Patient-specific data including age, sex, race, body mass index
(BMI), comorbid conditions, activation of code sepsis, and sepsis
status were compared between cases and controls. Risk factors
identified as significant (P < .05) were included in multivariate
analysis. Age and BMI were assessed as continuous variables. A
separate provider-specific analysis calculating the contamination
rate for individual staff was performed. Providers with <10 blood
culture samples collected during the study period were not
included in the provider-specific analysis.

Clinical outcome analysis

The primary outcome was hospital length of stay (LOS). Secondary
outcomes included length of antimicrobial therapy (LOT) defined
as the number of days that a patient received any systemic antimi-
crobial agent, total days of antimicrobial therapy (DOT) defined as
the aggregate sum of individual antimicrobial days of therapy,
infectious disease (ID) consultation, transthoracic echocardio-
grams (TTEs), transesophageal echocardiograms (TEEs), total
hospital charges, vancomycin utilization, acute kidney injury
(AKI) defined as an increase in serum creatinine >0.3 mg/dL over
a 48-hour period or >1.5× increase over a 7-day period, hospice
referral, and in-hospital mortality. Adjusted analyses were per-
formed to control for age, race, BMI, comorbidities, and presence
of sepsis on presentation.

Statistical analysis

Continuous variables were analyzed using the Student t test, and
categorical variables were assessed using the χ2 test or the Fisher

292 Justin M. Klucher et al

https://doi.org/10.1017/ice.2021.111 Published online by Cambridge University Press

https://doi.org/10.1017/ice.2021.111


exact test. An adjusted analysis to assess risk factors associated with
contaminated blood culture was performed using logistic regression
for dichotomous outcomes, linear regression for assessing the effect of
contaminated blood culture on LOS, and generalized linear model
with γ log link to estimate the effect of contaminated blood culture
on inpatient costs. A P value< .05 was considered statistically signifi-
cant, and all analyses used 2-tailed tests. All analyses were performed
using SAS version 9.3 software (SAS Institute, Cary, NC).

Results

Of the 14,103 blood-culture episodes that occurred during the
study period, 13,782 were reviewed based on culture results.
Moreover, 1,504 (10.9%) true-positive blood cultures were
excluded, leaving 1,012 (7.3%) contaminanted blood cultures (ie,
cases) and 11,266 (81.7%) negative blood cultures (ie, controls)
(Fig. 1). Peripheral blood culture collection was common (98%),
and collection from central access was rare (2%).

Risk-factor analysis results

Baseline patient demographic and clinical data are outlined in
Table 1. In univariate analysis, the following patient-specific fac-
tors were associated with blood-culture contamination: increasing
age, black race, increasing BMI, presence of specific comorbidities,
activation of code sepsis, and sepsis plus shock on presentation.
Multivariate adjusted analysis revealed that increasing age, black

race, increasing BMI, COPD, paralysis, and sepsis plus shock on
presentation were independent risk factors for blood-culture
contamination, whereas metastatic cancer was protective
(Table 2). Characteristics were similar when blood cultures were
obtained by collectors with high and low contamination rates
(Supplementary Table 1 online).

Clinical outcome analysis results

Clinical outcomes of patients with blood-culture contamination
are shown in Tables 3 and 4, with univariate and multivariate
analyses, respectively. After adjusting for age, race, BMI, co-
morbidities, and sepsis status, patients with blood-culture con-
tamination had a higher LOS as compared to patients without
contaminated blood culture (unadjusted: 7.9 days vs 6.6 days;
adjusted: β = 1.24 ± 0.24; P < .0001). Similarly, patients with con-
taminated blood culture had higher antibiotic LOT (unadjusted:
6.2 days vs 5.2 days; adjusted: β = 1.01 ± 0.20; P < .001), hospital
charges (unadjusted: $36,008 vs $28,875; adjusted: β = 0.22 ± 0.03;
P < .0001), rate of AKI (unadjusted: 36.7% vs 26.3%; aOR, 1.60;
95% CI, 1.40–1.83), frequency of TTE orders (unadjusted: 27.4%
vs 19.2%; aOR, 1.51; 95% CI, 1.30–1.75), and in-hospital mortality
(unadjusted: 8.0% vs 4.6%; aOR, 1.69; 95% CI, 1.31–2.16) com-
pared to patients without contaminated blood culture. In univari-
ate analysis, vancomycin was ordered more frequently (81% vs
65%; P < .0001) and administered longer (mean DOT, 3.5 days
vs 2.5 days; P < .0001) in patients with contaminated blood

Fig. 1. Study flow chart. Note. BCx, blood culture; ED, emergency
department.

Infection Control & Hospital Epidemiology 293

https://doi.org/10.1017/ice.2021.111 Published online by Cambridge University Press

https://doi.org/10.1017/ice.2021.111


cultures, though individual drug use was not included in the multi-
variate model (Table 3).

Analysis of individual collector contamination rates

Results are presented in Figure 2. During the study period, 204
individual providers collected ≥10 blood cultures, with a mean
of 32.2 blood-culture collections per collector. Also, 35 collectors
(17.2%) maintained a contamination rate <3%, and 25 of these

collectors had no contamination episodes. However, 73 collectors
(35.8%) had an individual contamination rate >10%. The mean
collector contamination rate was 8.2%.

Discussion

Across various studies, contaminated blood cultures have shown
evidence of severe negative outcomes among patients: increased
costs, inappropriate antibiotic usage, increased length of stay,

Table 1. Patient Characteristics and Univariate Risk Factor Analysis for Blood Culture Contamination

Characteristics
Cases
(n = 1,012)

Controls
(n = 11,266) P Value

Age, mean y (SD) 58.5 (18.3) 56.3 (18.1) .0004

Sex, female, no. (%) 550 (54.3) 5,767 (51.6) .0978

Race, no. (%) <.0001

White 551 (54.5) 6,744 (60.0)

Black 439 (44.0) 4,109 (37.0)

American Indian 2 (0.2) 22 (0.2)

Other 19 (1.9) 345 (3.1)

Unknown 1 (0.1) 46 (0.4)

BMI, no. (%) .0037

Underweight (<18 kg/m2) 110 (10.9) 1,227 (10.9)

Normal (18–25 kg/m2) 285 (28.2) 3,594 (31.9)

Overweight (25–30 kg/m2) 246 (24.3) 2,922 (25.9)

Obese (30–40 kg/m2) 261 (25.8) 2,592 (23.0)

Morbid obesity (>40 kg kg/m2) 110 (10.9) 931 (8.3)

Comorbidity, no. (%)

CHF 236 (23.3) 2,260 (20.1) .0136

COPD 478 (47.2) 4,721 (41.9) .0010

Paralysis 70 (6.9) 49 (4.4) .0002

DM 312 (30.8) 3,121 (27.7) .0337

HTN 536 (53.0) 5,630 (50.0) .0683

Liver disease 148 (14.6) 1,635 (14.5) .9230

PVD 129 (12.8) 1,365 (12.1) .5565

CKD 240 (23.7) 2,446 (22.0) .1396

Drug abuse 153 (15.1) 1,636 (14.5) .6061

Metastatic cancer 71 (7.0) 1,244 (11.0) <.0001

SIRS criteria met, no. (%) .0015

1 237 (23.4) 2,897 (25.7)

2 234 (32.0) 3,980 (35.3)

3 269 (26.6) 2,662 (23.6)

4 69 (6.8) 501 (4.5)

Sepsis status, no. (%)

No sepsis 350 (34.6) 4,123 (36.6) .2027

Sepsis without shocka 461 (45.6) 5,302 (47.1) .6240

Sepsis plus shocka 201 (20.0) 1,841 (16.3) .0151

Code sepsis activated 434 (42.9) 3,924 (34.8) .0255

Note. BCx, blood culture; BMI, bodymass index; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; DM, diabetesmellitus; HTN, hypertension; PVD, peripheral vascular
disease; CKD, chronic kidney disease; SIRS, systemic inflammatory response syndrome. Results shown in bold are statistically significant.
aShock refers to systolic blood pressure <100 mmHg.
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and adverse outcomes.2–6,22–24 Our study is unique in that, to our
knowledge, we have one of the largest data sets contributing to this
growing volume of data, including 12,278 blood culture episodes
with 1,012 contaminants over a 4-year study period. Our findings

add to the body of evidence with sizeable power given the sample.
Furthermore, we have provided evidence for risk factors predispos-
ing patients to contamination while also highlighting the devastat-
ing clinical outcomes for patients with contaminated cultures.
Additionally, our observations regarding collector contamination
rates reveal a wide range of individual levels of efficacy in sterile
technique during blood culture collection.

The patients most at risk for contamination were of older age,
black race, higher BMI, and had comorbidities such as CHF,
COPD, and paralysis. Black patients were disproportionately at
increased risk for blood-culture contamination (aOR, 1.32; 95%
CI, 1.15–1.51), whereas white patients demonstrated a protective

Table 2. Multivariate Analysis of Risk Factors for Blood Culture Contamination

Characteristics (N=12,278)
Adjusted Analysis,

OR (95% CI)a

Age 1.009 (1.005–1.012)

Race, black 1.318 (1.152–1.508)

BMI 1.009 (1.002–1.015)

Comorbidities

CHF 1.035 (0.879–1.219)

COPD 1.163 (1.018–1.329)

Paralysis 1.644 (1.261–2.143)

DM 1.031 (0.890–1.195)

Metastatic cancer 0.600 (0.467–0.771)

Sepsis Status

Sepsis plus shockb 1.250 (1.059–1.475)

Code sepsis activated 1.158 (0.983–1.364)

Note. BMI, body mass index; CHF, congestive heart failure; COPD, chronic obstructive
pulmonary disease; DM, diabetes mellitus; OR, odds ratio; CI, confidence interval. Results
shown in bold are statistically significant.
aAdjusted for age, race, BMI, comorbidities, and sepsis on presentation.
bShock refers to systolic blood pressure <100 mmHg.

Table 3. Unadjusted Clinical Outcomes Associated With Blood Culture
Contamination

Clinical Outcomes
Cases

(n = 1,012)
Controls
(n = 11,266) P Value

LOS, mean d (SD) 7.9 (9.3) 6.6 (7.3) <.0001

LOT, mean d (SD) 6.2 (7.2) 5.2 (5.9) <.0001

DOT, mean d (SD) 12.6 (16.9) 10.3 (13.7) <.0001

ID Consult, n (%) 162 (16.0) 1,457 (12.9) .0056

TTE, no. (%) 277 (27.4) 2,163 (19.2) <.0001

TEE, no. (%) 14 (1.4) 87 (0.8) .0392

Hospital charges,
mean $ (SD)

36,008 (51,284) 28,875 (48,591) <.0001

Vancomycin utilization

Ordered, no. (%) 823 (81.3) 7,314 (64.9) <.0001

DOT, mean d (SD) 3.5 (4.0) 2.5 (3.6) <.0001

Troughs, mean d (SD) 1.8 (2.6) 1.1 (2.3) <.0001

Consults, no. (%) 521 (51.5) 3,964 (35.2) <.0001

PK Time, mean
min (SD)

42.3 (55.5) 27.7 (50.9) <.0001

Adverse events

AKI, no. (%) 374 (36.7) 2,962 (26.3) <.0001

Hospice, no. (%) 83 (8.2) 624 (5.5) .0005

Mortality, no. (%) 81 (8.0) 521 (4.6) <.0001

Note. LOS, length of stay; LOT, length of treatment; DOT, days of treatment; ID, infectious
diseases; TTE, transthoracic echocardiogram; TEE, transesophageal echogardiogram; PK,
pharmacokinetic; AKI, acute kidney injury. Results shown in bold are statistically significant.

Table 4. Multivariate Analysis of Clinical Outcomes Associated With Blood
Culture contamination

Clinical Outcomes
(N= 12, 278)

Adjusted
Analysisa P Value

Results from linear regression

LOS, d β (SE) 1.24 (0.24) <.0001

LOT, d β (SE) 1.01 (0.20) <.0001

Results from logistic regression

TTE, OR (95% CI) 1.51 (1.30–1.75) : : :

AKI, OR (95% CI) 1.60 (1.40–1.83) : : :

In hospital mortality, OR (95% CI) 1.69 (1.31–2.16) : : :

Results from generalized linear
model with γ log link

Hospital charges, β (SE) 0.22 (0.03) <.0001

Note. LOS, length of stay; LOT, length of treatment; TTE, transthoracic echocardiogram; AKI,
acute kidney injury; OR, odds ratio; CI, confidence interval; β, beta coefficient; SE, standard
error. Results shown in bold are statistically significant.
aAdjusted for age, race, BMI, comorbidities, and sepsis on presentation.

Fig. 2. Distribution of individual contamination rates among 204 collectors from the
University of Arkansas for Medical Sciences Emergency Department during the study
period. Data are from collectors with 10 or more collections.
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trend. Our data suggest that patients considered “difficult sticks”
for venipuncture had higher rates of contamination, which is con-
sistent with common risk factors previously reported in the liter-
ature such as older age, presence of comorbidities, and severity of
illness.3,16 These differences in risk are likely due to the difficulty of
the venipuncture: the darker skin of black patients makes isolating
peripheral veins more difficult visually; obese individuals’ increased
subepidermal fat masks peripheral veins; older individuals typically
havemore tenuous, collapsed, or fragile veins; and patients presenting
with shock or severe sepsis have collapsed veins due to low blood
pressure, which can create a sense of urgency that could contribute
to poor technique or shortcuts in culture collection. When observing
their blood culture collections, other researchers have noted that staff
exhibit poor hand hygiene, poor antisepsis, or repalpate the veins
without adequate sterilization, despite the presence of institutional
standards.9,12 These practices do not seem unusual when considering
how the difficulty of venipuncture differs from patient to patient.

We investigated the impact of code sepsis activation on blood-
culture contamination rates. Upon code sepsis activation, several
individuals are called to respond urgently to the bedside to obtain
patient work-up and to administer treatments, which could pro-
mote poor blood-culture collection technique. In our study, acti-
vation of code sepsis led to more frequent blood-culture
contamination (42.9% vs 34.8%), though this finding was not sta-
tistically significant in multivariate analysis (aOR, 1.16; 95% CI,
0.98–1.36). However, code sepsis was only in practice during a por-
tion of our study, and this finding should be investigated further. It
is not surprising that patients with sepsis plus shock have higher
contamination rates, but the significance level of this finding is
concerning because there is a high likelihood that these individuals
have a true bacteremia contributing to their presentation. Their
increased risk of contamination predisposes them to inadequate
work-up and treatment, wasting valuable time and resources for
their treatment, as shown in the literature and by our clinical
outcomes.

The primary outcome of hospital LOS was significantly longer
in patients with contaminated blood cultures than those with neg-
ative blood cultures (7.9 days vs 6.6 days; β = 1.24; P < .0001) after
controlling for age, race, BMI, and presence of sepsis on presenta-
tion. This 24% increase in LOS is a significant finding; increased
LOS places patients at increased risk of adverse events and adds
to hospital costs. This trend is supported in the literature. Some
have shown similar marginal increases, such as in Gander et al7

who noted a 1-day increased median LOS (5 days vs 4 days).
Others have suggested more dramatic increased LOS, such as
Alahmadi et al,5 who noted a 5.4-day average difference in LOS
between cases and controls.2–4

Patients with contaminated blood cultures also had increased
total antimicrobial exposure (6.2 days vs 5.2 days; P< .0001), more
frequent vancomycin orders (81.3% vs 64.9%; P < .0001), and
longer vancomycin DOT (3.5 days vs 2.5 days; P < .0001) com-
pared to controls. The 25% vancomycin prescription increase
and 40%DOT increase were significantly higher compared to con-
trol patients. These data support the findings reported in other
studies, such as van der Heijden et al,24 who extrapolated nearly
293 extra vancomycin orders due to contaminated cultures, and
Souvenir et al,6 who warned of the reflexive use of vancomycin
in cases of coagulase negative staphylococci contamination
contributing to increased costs and antibiotic misuse. Antibiotic
resistance has become an ever-growing concern, particularly with
the emerging threat of vancomycin-resistant Enterococcus.2,4,6

Unnecessary use of antibiotics, such as vancomycin, predispose

patients to adverse effects such as AKI and increased patient
and hospital costs, reinforced both by the literature and the data
presented herein.3,4,6,24 In our study, acute kidney injury (36.7%
vs 26.3%; aOR, 1.60; 95% CI, 1.40–1.83) was more frequent in
patients with contaminated cultures likely due to increased vanco-
mycin exposure.

Strikingly, our study revealed an increase in rate of in-hospital
mortality (8.0% vs 4.6%; aOR, 1.69; 95% CI, 1.31–2.16) in patients
with blood-culture contamination. Although this association is
hard to prove retrospectively, it was statistically significant in
multivariate analysis adjusting for age, race, BMI, and sepsis status.
The association between increase in LOS, antibiotic exposure, AKI
rate, and procedures (including echocardiogram) with blood-cul-
ture contamination in our study likely leads to a more complicated
hospitalization, especially in patients with the noted risks for con-
tamination. This important finding stresses the need to mitigate
unnecessary blood-culture contamination.

Lastly, in an unadjusted analysis, patients with blood-culture
contamination in our study had a higher average hospital charge
of an additional $7,132 compared to patients with a true-negative
blood culture ($36,007 vs $28,874; P < .0001). After adjusting for
age, race, BMI, and sepsis status, the inpatient costs were 24%
higher in those with a contaminated blood culture than those with-
out a contaminated culture (β = 0.22 ± 0.03; P < .0001). Our find-
ing is similar to the $7,500 increased hospital costs reported by
Alahmadi et al.5

Our findings contribute to a volume of evidence that blood-cul-
ture contamination is a serious hurdle for adequate, efficient, and
safe healthcare for patients. Various efforts have been studied to
address this problem. Dedicated phlebotomy teams are a common
suggestion that has strong evidence for efficacy in reducing not
only contamination rates but also overall hospital costs.2,4,7,10,11,23

Diversion devices, where blood is isolated into a separate chamber
between venipuncture and collection of the specimens have also
shown promise in reducing contamination rates, particularly in
a study by Bell et al8 that showed an 82.8% reduction in contami-
nation and projected $641,792 in savings over the course of their 7-
month study.14 Some have even reported changes as simple as edu-
cating proper technique, providing a report card, and instituting
institutional standards for blood-culture collection showing sig-
nificant reductions in their overall contamination rates.9–13,15

These findings are of particular interest to our institution given
our findings of wide variation in blood-culture contamination
rates between individual collectors. The results of our study were
provided to a multidisciplinary quality improvement team consist-
ing of nurses, physicians, pathologists, microbiologists, and others
to address collector rates>10%, leading to enhanced education and
feedback for individual collectors.

Our study has several limitations. First, this study was a retro-
spective, case-control study, and we were unable to standardize or
validate every finding. Our data collecton was limited to the data
recorded in the electronic medical record. This aspect of our study
also makes drawing direct conclusions from the data difficult
because we were unable to confirm our suspicions regarding cul-
ture technique. However, the volume of data analyzed adds power
to the data despite this limitation. Second, inpatient units were
excluded, and evaluating a single department of a single institution
lessens the generalizability of our conclusions. However, this study
is the largest date on blood-culture contamination risk-factor
analysis and clinical outcome analysis. Additionally, our data
appear to correlate well with other single-institution emergency-
department studies in the literature. A third limitation is the lack
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of a true gold standard for determining contaminant blood culture
from true bacteremia, which makes the study of this phenomenon
difficult. Although similar studies have relied on manual chart
review and clinical determination of “contaminant” versus “true
bacteremia,” our study relied on the guidelines in place within
the microbiology laboratory. In some cases, clinical bacteremias
may have been categorized as contaminants and some true con-
taminants may have been categorized as true bacteremias.
However, our process of identifying contaminants followed the
national standards proposed by the Clinical Laboratory
Standards
Institute and was consistent throughout the study, removing sub-
jectivity. Additionally, the evaluation of code sepsis was limited to
years 2–4 of the study because this practice was not yet in place
during year 1. To account for this, analysis of this variable only
included patients during the period when code sepsis was in prac-
tice. Finally, our results showed that patients with severely ill pre-
sentations had increased risks of contaminated blood culture and,
subsequently, patients with contaminated blood cultures had
worse outcomes. Severity of illness at presentation may contribute
to the worse outcomes noted in this study. However, these out-
comes remained statistically significant, even when controlling
for sepsis status, age, BMI, and race.

In conclusion, blood-culture contamination remains an ever-
present problem in routine medical practice. This large risk factor
and clinical outcome study provides important data that can be
used by institutions to support changes in practice. Mitigating
unnecessary blood-culture contamination will require novel inter-
ventions and culture change to help reduce the negative burden
that this essential medical test carries.

Acknowledgments. We give special thanks to Dr Robert McGehee, Dr Brett
Bailey, Dr Randy Maddox, and Ms Kim Gates for support during this study.
Data for the study were provided by the Arkansas Clinical Data Repository
(AR-CDR) maintained by the Department of Biomedical Informatics in the
the College of Medicine at the University of Arkansas for Medical Sciences
(UAMS). The AR-CDR is approved to operate as an enterprise data resource
supporting research across theUAMS. Data in the AR-CDRwere obtained from
the UAMS electronic medical record, tumor registry, billing, and cancer
genomic data and compromises encounters since May 1, 2014.

Financial support. Justin Klucher received 2 grants during this investigation:
$3,000 from the UAMS College of Medicine and Translational Research
Institute and an additional $4,000 from the Infectious Disease Society of
America as a recipient of the Grants for Emerging Researchers andMentorship.

Conflicts of interest.All authors report no conflicts of interest relevant to this
article.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/ice.2021.111

References

1. Weinstein MP, Doern GV. A critical appraisal of the role of the clinical
microbiology laboratory in the diagnosis of bloodstream infections.
J Clin Microbiol 2011;49 suppl 9:S26–S29.

2. Hall KK, Lyman JA. Updated review of blood culture contamination. Clin
Microbiol Rev 2006;2:329–353.

3. Bates DW, Goldman L, Lee TH. Contaminant blood cultures and resource
utilization: the true consequences of false-positive results. JAMA 1991;
265:365–369.

4. Dawson S. Blood culture contaminants. J Hosp Infect 2014;87:1–10.
5. Alahmadi YM, Aldeyab MA, McElnay JC, et al. Clinical and economic

impact of contaminated blood cultures within the hospital setting. J Hosp
Infect 2010;77:233–236.

6. Souvenir D, Anderson DE, Palpant S, et al. Blood cultures positive for
coagulase-negative staphylococci: antisepsis, pseudobacteremia, and
therapy of patients. J Clin Microbiol 1998;36:1923–1926.

7. Gander RM, Byrd L, DeCrescenzo M, Hirany S, Bowen M, Baughman J.
Impact of blood cultures drawn by phlebotomy on contamination rates
and health care costs in a hospital emergency department. J Clin Microbiol
2009;47:1021–1024.

8. Bell M, Bogar C, Plante J, Rasmussen K, Winters S. Effectiveness of a novel
specimen collection system in reducing blood culture contamination rates: J
Emerg Nurs 2018;44:570–575.

9. Bowen CM, Coleman T, Cunningham D. Reducing blood culture contam-
inations in the emergency department: it takes a team: J Emerg Nurs
2016;42:306–311.

10. Garcia RA, Spitzer ED, Beaudry J, et al. Multidisciplinary team review of
best practices for collection and handling of blood cultures to determine
effective interventions for increasing the yield of true-positive bacter-
emias, reducing contamination, and eliminating false-positive central
line–associated bloodstream infections. Am J Infect Control 2015;43:
1222–1237.

11. Garcia RA, Spitzer ED, Kranz B, Barnes S. A national survey of interventions
and practices in the prevention of blood culture contamination and associ-
ated adverse healthcare events. Am J Infect Control 2018;46:571–576.

12. Hall RT, Domenico HJ, SelfWH, Hain PD. Reducing the blood culture con-
tamination rate in a pediatric emergency department and subsequent cost
savings. Pediatrics 2013;131:e292–e297.

13. Ramirez P, Gordón M, Cortes C, et al. Blood-culture contamination rate in
an intensive care setting: Effectiveness of an education-based intervention.
Am J Infect Control 2015;43:844–847.

14. RuppME, Cavalieri RJ, Marolf C, Lyden E. Reduction in blood culture con-
tamination through use of initial specimen diversion device. Clin Infect Dis
2017;65:201–205.

15. Zimmerman FS, Assous MV, Yinnon AM,Wiener-Well Y. Reducing blood
culture contamination using a departmental report card. J Hosp Infect
2018;99:236–237.

16. Chih-Jan Chang, Chi-Jung W, Hsiang-Chin Hsu, et al. Factors associated
with blood culture contamination in the emergency department: critical ill-
ness, end-stage renal disease, and old age. PLoS One 2015;10(10):e0137653.

17. QamruddinA, KhannaN,OrrD. Peripheral blood culture contamination in
adults and venepuncture technique: prospective cohort study. J Clin Pathol
2008;61:509.

18. Coremeasures. Centers forMedicare andMedicaid Services website. https://
www.cms.gov/Medicare/Quality-Initiatives-Patient-Assessment-Instruments/
QualityMeasures/Core-Measures.html. Updated 2016. Accessed March 24,
2021.

19. The Centers for Medicare & Medicaid Services, The Joint Commission.
Severe sepsis and septic shock (SEP). specifications manual for national
hospital inpatient quality measures: Discharges 10-01-15 (4Q15)
through 06-30-16 (2Q16). The Joint Commission website. https://www.
jointcommission.org/specifications_manual_for_national_hospital_inpatient_
quality_measures.aspx. Updated 2015. Accessed March 24, 2021.

20. Surviving Sepsis Campaign Guidelines Committee. Updated bundles in
response to new evidence. Surviving Sepsis website. http://www.
survivingsepsis.org/SiteCollectionDocuments/SSC_Bundle.pdf. Updated
2015. Accessed March 24, 2021.

21. Severe sepsis and septic shock: management bundle. National Quality
Forum website. http://www.qualityforum.org/QPS/0500. Updated 2013.
Accessed March 24, 2021.

22. Self WH, Mickanin J, Grijalva CG, et al. Reducing blood culture contami-
nation in community hospital emergency departments: a multicenter
evaluation of a quality improvement intervention. Acad Emerg Med
2014;21:274–282.

23. Self WH, Talbot TR, Paul BR, Collins SP, Ward MJ. Cost analysis of strat-
egies to reduce blood culture contamination in the emergency department:
sterile collection kits and phlebotomy teams. Infect Control Hosp Epidemiol
2014;35:1021–1028.

24. van der Heijden, Yuri F, Miller G, et al. Clinical impact of blood cultures
contaminated with coagulase-negative staphylococci at an academic medi-
cal center. Infect Control Hosp Epidemiol 2011;32:623–625.

Infection Control & Hospital Epidemiology 297

https://doi.org/10.1017/ice.2021.111 Published online by Cambridge University Press

https://doi.org/10.1017/ice.2021.111
https://www.cms.gov/Medicare/Quality-Initiatives-Patient-Assessment-Instruments/QualityMeasures/Core-Measures.html
https://www.cms.gov/Medicare/Quality-Initiatives-Patient-Assessment-Instruments/QualityMeasures/Core-Measures.html
https://www.cms.gov/Medicare/Quality-Initiatives-Patient-Assessment-Instruments/QualityMeasures/Core-Measures.html
https://www.jointcommission.org/specifications_manual_for_national_hospital_inpatient_quality_measures.aspx
https://www.jointcommission.org/specifications_manual_for_national_hospital_inpatient_quality_measures.aspx
https://www.jointcommission.org/specifications_manual_for_national_hospital_inpatient_quality_measures.aspx
http://www.survivingsepsis.org/SiteCollectionDocuments/SSC_Bundle.pdf
http://www.survivingsepsis.org/SiteCollectionDocuments/SSC_Bundle.pdf
http://www.qualityforum.org/QPS/0500
https://doi.org/10.1017/ice.2021.111

	Risk factors and clinical outcomes associated with blood culture contamination
	Methods
	Study design
	Patient selection
	Blood culture collection
	Determination of contaminant cultures
	Data collection
	Determination of sepsis status
	Code sepsis definition
	Risk factor analysis
	Clinical outcome analysis
	Statistical analysis

	Results
	Risk-factor analysis results
	Clinical outcome analysis results
	Analysis of individual collector contamination rates

	Discussion
	References


