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A Quality Improvement Initiative to  
Reduce Blood Culture Contamination in the 
Neonatal Unit
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INTRODUCTION
Background
Sepsis is a significant cause of both mortality 
and morbidity in neonates.1 Blood cultures 
are the gold standard test for identifying 
bacteremia in patients in whom sepsis 

is suspected, making it a crucial and commonly 
used diagnostic tool within neonatal units.2 

However, the growth of contaminants in 
blood cultures presents a diagnostic chal-
lenge for clinicians and weakens the reli-
ability of blood culture results. Multiple 
studies conducted since 1990 show the 
costs associated with each contaminated 
blood culture as between USD $2,844 

and $10,078.3–6 Gander et al7 described 
an average added cost of USD $8,720 per 

contamination event. Meanwhile, Alahmadi 
et al3 showed that contaminated blood cultures 

increase the length of stay by up to 5.4 days.
The standard benchmark for blood culture contami-

nation (BCC) rates is 3% as set out by the Clinical and 
Laboratory Standards Institute.2 BCC rates in adults 
are between 0.6% and 6%.8 Several studies in neonatal 
populations demonstrate that BCC occurs with rates of 
between 2.6% and 18%.9–12 The higher rates of contam-
ination in neonates is attributed to difficult blood sam-
pling.9,13 There are multiple methods identified to reduce 
contamination including skin preparation, culture bottle 
preparation, single versus double needle for bottle inoc-
ulation, source of culture, use of dedicated phlebotomy 
teams, use of sterile blood culture collection kits, use of 
initial specimen diversion devices, and the use of sterile 
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gloves.7,8,10,14–20 Multiple studies show that the introduc-
tion of standardized protocols to support blood culture 
collection methods and staff education on best practices 
significantly reduces BCC rates.5,14,18,21

Local Problem Description
In October 2018, there was a concern raised by medi-
cal and nursing staff regarding the rate of central line-as-
sociated blood stream infections in the neonatal unit. A 
review of the organisms grown in blood cultures for the 
preceding 12 months suggested a larger issue was likely 
causing BCC events. A subsequent audit of all positive 
blood cultures demonstrated that, although the overall 
BCC rate was below the standard benchmark of 3%,2 
there was variation in the monthly contamination rates 
(0.0%–5.7%). For the baseline period (October 2017 
to April 2019), 1,944 blood cultures were collected, of 
which 39 were contaminants (2.0%). An observational 
audit of blood culture collection practices revealed sig-
nificant variation among staff with inconsistent culture 
collection methods. There were frequent and significant 
breaches in the aseptic technique during the collection 
process itself. There was a concern raised that if this was 
not adequately addressed, the BCC rate could increase 
and the breaches in aseptic technique during other proce-
dures could lead to significant adverse events such as line 
sepsis. Consequently, the team decided it was feasible and 
desirable to decrease the baseline BCC rate from 2.0%.

Project Aim. Reduce the overall contamination rate 
from 2.0% to 1.0% (50% reduction) by March 2020.

METHODS
Context
This quality improvement (QI) initiative was conducted in 
South Australia in a Level 6 (Level IV as per the American 
Academy of Pediatrics) unit with 14 neonatal intensive care 
beds and 34 special care beds. It is located within a children’s 
hospital and is responsible for providing care for inborn 
babies and outborn babies requiring transfer for specialist 
care. The unit averages 1,400 admissions per year which 
include premature infants born from 23 weeks as well as 
infants with congenital surgical and cardiac conditions.

Interventions
QI Team. Following identification of BCC rates as a con-
cern as a concern, a multi-disciplinary QI team was estab-
lished to address the issue. This working group included 
neonatologists, advanced neonatal trainees (fellows), 
pediatric residents, neonatal nurse practitioners, nurses, 
midwives, nurse educators, infection control staff, and an 
infectious diseases specialist.

Audit and Process Mapping. An audit of blood cul-
tures, review of current practice, and literature review 
were conducted between December 2018 and February 

2019. A process map outlining how blood cultures were 
collected within the unit was developed, and at each 
step, observed variations in practice were discussed 
(Supplemental Digital Content 1, http://links.lww.com/
PQ9/A255). Aspects of blood culture collection poten-
tially contributing to BCC were reviewed and used to 
develop a cause and effect diagram (Supplemental Digital 
Content 1, http://links.lww.com/PQ9/A255). A multi-
voting and weighted voting process was used to narrow 
the possible factors contributing to BCC, to a total of 6. 
These included: not cleaning blood culture bottles, not 
changing needles before inoculating blood culture bot-
tles, inadequate skin antisepsis, repalpating the skin, poor 
understanding of aseptic technique by the residents, and 
insufficient blood volumes. The 6 factors became the 
basis of the 4 interventions [Plan-Do-Study-Act (PDSA)
cycles 1–4].

PDSA Cycle 1: Standardizing Processes for 
Inoculation of Blood Culture Bottles
The unit did not have a protocol for handling and inoc-
ulating blood cultures bottles, and as a result, practices 
between staff members varied. The rubber stoppers of 
blood culture bottles are not sterile.8,20 The CAP Q-Probes 
study showed a significantly lower rate of contamination 
in hospitals where the antiseptic was applied to the tops of 
blood culture bottles before innoculation.22 A meta-analy-
sis concluded that the double-needle technique decreased 
contamination rates from 3.7% to 2.0%.15 In the past, this 
practice has been discouraged due to the risk of needle stick 
injuries. In April 2019, a practice change guideline to stan-
dardize how blood cultures were handled and inoculated 
was introduced (Supplemental Digital Content 2, http://
links.lww.com/PQ9/A256). A pilot was conducted with 
10 staff members to ensure that the new protocol was clear 
and easy to follow before rolling out to the neonatal unit.

PDSA Cycle 2: Standardizing Preparation of Skin 
for Peripheral IV Cannula Insertion
The neonatal unit uses 1% Chlorhexidine and 70% iso-
propyl alcohol swabs as part of the standard aseptic tech-
nique. On many occasions, the duration of cleaning and 
drying time were insufficient. In discussion with the local 
infection control team, and following a literature review, 
it was agreed that 1% Chlorhexidine and 70% isopropyl 
alcohol swabs were appropriate, and its use continued. 
This conclusion was supported by a meta-analysis of 6 
randomized controlled trials that concluded alcohol-con-
taining products were associated with low rates of contam-
ination.23 Traditionally, skin antiseptics have been applied 
in concentric circles; however, Stonecypher24 suggested 
that cleaning in a back and forth motion creates friction 
that cleans more effectively and reduces bacteria load of 
the dermal layer. In June 2019, a practice change guideline 
to standardize the method by which skin is prepared for 
peripheral IV cannulation (Supplemental Digital Content 2,  
http://links.lww.com/PQ9/A256) was introduced.
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PDSA Cycle 3: Aseptic Technique Education 
Package
During initial observational audit and surveys, limited 
understanding of aseptic technique amongst the med-
ical staff was identified. The team developed an edu-
cation package including a presentation, pamphlet 
(Supplemental Digital Content 2, http://links.lww.com/
PQ9/A256), and poster. The presentation is now a regular 
component of orientation for all new and returning resi-
dent medical staff. Each new staff member is now required 
to demonstrate understanding and performance of asep-
tic technique. This same education package is included in 
orientation for all new nursing and midwifery staff mem-
bers. This education material was developed through a 
series of small pilots with medical staff members during 
June and July 2019. Staff were asked to answer a series 
of questions about aseptic technique before and after the 
education package to ensure that it had its desired effect 
(Supplemental Digital Content 2, http://links.lww.com/
PQ9/A256).

PDSA Cycle 4: Optimizing Volume of Blood 
Collected for Culture
There was significant variation in what was considered 
adequate volume of blood to collect for a culture. During 
the observational audit period, volumes of 0.2–1.5 mL 
were collected. It has been clearly demonstrated that the 
volume of blood collected is a key variable in detecting 
true bacteremia.2 The recommendation is for a minimum 
of 1 mL of blood to be obtained from infants with sus-
pected sepsis before initiating antimicrobial therapy.25,26 
Blood culture sensitivity decreases by 10%–40% when 
0.5 mL is inoculated compared to 1 mL.27 Gonsalves et 
al28 demonstrated in a retrospective study of infants and 
children with at least 1 blood culture collected, that higher 
rates of contamination occurred at lower blood collection 
volumes. A change of practice was introduced with the 
aim to collect 1 mL from all neonatal patients. Although 
the goal was for 1 mL from all babies weighing less than 
1,000 g, the minimum collection volume could be lowered 
to 0.5 ml (Supplemental Digital Content 2, http://links.
lww.com/PQ9/A256).

The team developed a neonatal blood culture sticker 
for staff to record the patient’s details, weight, and blood 
culture volume obtained (Supplemental Digital Content 2, 
http://links.lww.com/PQ9/A256). Additionally, a blood 
culture record book was created to allow monitoring of 
total aggregate volumes collected.

Studies of the Interventions
BCC rates were reviewed monthly, which allowed for assess-
ing the impact of the interventions on the primary outcome 
measure. Observational audits were conducted regularly 
as process measures for each intervention and PDSA cycle. 
This provided opportunities to address staff concerns or 
questions regarding the practice changes. Circumstances 
surrounding each BCC event were reviewed.

Measures
Outcome Measures. The primary outcome measure was 
the rate, reported as a percentage, of contaminated blood 
cultures. This was calculated for each month. Overall 
rates for the baseline period (October 2017 to April 11, 
2019) were calculated. The study period was from April 
12, 2019 to February 29, 2020. Study period BCC inclu-
sion points were determined by P chart SPC rules and 
BCC rates determined, based on those data points.

A blood culture was classified as contaminated if it 
grew a microorganism commonly accepted as normal 
skin flora and appears on the Center for Disease Control 
list of known contaminants.29 Data for the period of 
October 2017 to March 2019 were identified through a 
list of all the blood cultures obtained from the local clin-
ical information system. This list was manually reviewed 
to identify all positive blood cultures and cross-checked 
with the data recorded by infection control regarding 
positive blood cultures. For the study period, individual 
patient records were reviewed daily to record the number 
of blood cultures taken and identify positive results.

Balancing Measures. Number of skin burns, unsuc-
cessful blood culture sampling events, or any other event 
related to the process changes reported through our local 
electronic safety learning system.

Process Measures. Compliance with the standard process 
for inoculation of blood culture bottles (PDSA cycle 1), 
and for the preparation of skin for peripheral IV cannula 
insertion (PDSA cycle 2) were assessed with observational 
audits of 20 individual blood culture collection events. For 
PDSA cycle 1, the compliance rate was determined based on 
compliance with 4 key steps in the process preintervention, 
and 3 key steps postintervention. For PDSA cycle 2, the 
compliance rate was determined based on compliance with 
the 4 key steps in the process. Feedback on the usability 
and satisfaction with the new protocols were sought. The 
aseptic technique education package effectiveness (PDSA 
cycle 3) was used as a process measure. It was assessed 
through a prepackage and postpackage test that staff com-
pleted. These 2 tests were identical and contained questions 
about the material presented and how aseptic technique 
is applied in the neonatal unit. Compliance with the rec-
ommended volume of blood collected for culture (PDSA  
cycle 4) was the primary process measure for this cycle.

Missing Data. Data collection for the baseline period 
and study period was complete.

Analysis
Statistical process control methods were used for this study.30 
Statistical process control (P chart) analyses were performed 
by using the QI Macros package in Microsoft Excel 2020 
(KnowWare International Inc, Denver, Colo.). Center line 
(mean) and control limits were calculated using statistical 
process control methods that conform to P chart primary 
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assumptions. Special cause for centerline shift was defined 
as 8 consecutive points either above or below the centerline.

Ethical Considerations. Ethics approval was obtained 
from the Women’s and Children’s Hospital Network Human 
Research Ethics Committee (WCHN HREC) as part of a 
QI program (HREC approval number 1030A/6/2021).

RESULTS
Process Measures
Process for Inoculating Blood Culture Bottles (PDSA 
Cycle 1). For PDSA cycle 1, audit findings (n = 20) indicated 
a mean level of compliance with the standardized practices 
at 50%. After implementing the standardized process, com-
pliance with the standard process, including blood culture 
bottle cleaning and use of the transfer device was 100%.

Preparation of Skin for Peripheral IV Cannula 
Insertion (PDSA Cycle 2). For PDSA cycle 2, audit find-
ings (n = 20) indicated a mean level of compliance with 
the 4 better practices at 50%. After the implementation of 
PDSA cycle 2, compliance increased to 95%.

Aseptic Technique Education Package (PDSA Cycle 3).  
After implementation of the education package, scores 
on the test administered increased from a mean of 39% 
(pretraining test; n = 10) to 92% (posttraining test; n = 10)  
(P < 0.001).

Blood Volume Collected For Culture (PDSA Cycle 4). 
For this PDSA cycle, an audit found a range of 0.2–1.5 mL 
of blood was obtained per culture (baseline volume). 
Following this PDSA cycle, a minimum of 1 mL of blood 

was collected in 94% of blood culture collection events  
(n = 450; mean 1.1 mL; range 0.5–3.5 mL).

Balancing Measures. No skin burns associated with 
blood culture sampling process changes or unsuccessful 
blood culture sampling events occurred. No other adverse 
events were reported through our local electronic safety 
learning system related to this QI initiative.

Outcome Measures. During the study period (April 12, 
2019 to February 29, 2020), 1,110 blood cultures were 
obtained. Ten cultures were deemed contaminants equating 
to an overall contamination rate of 0.90%. The baseline 
(October 2017 to April 11, 2019) contamination rate was 
2%. Monthly rates of contamination for the entire proj-
ect time-period (October 2017 to June 2020) are displayed 
on a P chart (Fig. 1). Although the study period began on 
April 12, 2019, SPC chart rules for centerline shift (spe-
cial cause) were not met until May 2019, approximately 1 
month after implementation of all the PDSAs.

DISCUSSION
This QI study successfully standardized how blood cul-
ture bottles were handled including introducing a transfer 
unit, standardization of preparation of skin for peripheral 
intravenous cannula insertion, improving knowledge and 
understanding of aseptic technique, and optimizing blood 
volume collected for cultures. These interventions led to 
an overall BCC rate decrease from 2.0% during the base-
line period to 0.90% in the study period (>50% reduc-
tion). Acknowledging that the baseline BCC rate was 
already low, we believed there was room for improvement 
and the success of this QI initiative demonstrated this. It 

Fig. 1. P chart displaying the proportion of contaminated blood cultures in the neonatal unit.
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was an invaluable opportunity to introduce QI processes 
to our neonatal unit.

The change in culture within the unit regarding main-
taining asepsis for blood culture collection has had 
extremely positive effects throughout the unit. There is 
now a heightened awareness of the importance of asep-
sis with all interventions, from inserting central lines to 
accessing intravenous devices for medications.

Interpretation
This QI initiative has demonstrated that standardizing 
practices and improving staff knowledge and education 
about blood culture collection is achievable and can have 
a significant impact on the incidence of BCC events. We 
demonstrate that it is feasible to achieve extremely low 
BCC events, even when the baseline BCC rate is low. Our 
current BCC rate of less that 1% compares favorably to 
the other studies in neonatal populations, demonstrating 
that BCC occurs with rates of between 2.6% and 18%.9–12

Limitations
There are several limitations of this study, including being a 
single-center study as well as the possibility that blood cul-
tures could have been incorrectly identified. Although each 
positive blood culture was investigated and the case records 
and charts reviewed by a minimum of 2 clinicians, there is a 
possibility that either true sepsis was labeled a contaminant 
or alternatively that a contaminant was labeled as sepsis. 
The same contamination definition was used throughout 
the baseline and study periods, minimizing the risk that 
the definition affected the change in observed contamina-
tion rates. All positive blood cultures are now discussed 
at the weekly joint neonatal and infectious diseases meet-
ing and classified formally as either true or contaminants. 
There is a risk of association bias within this study. This 
was identified early and minimized by clearly identifying 
the definition of a BCC event before commencing classifi-
cation of specific blood culture results. Due to the need to 
collect data by manually reviewing patient charts, there is 
a chance that data could have been missed. This was min-
imized by comparing the data collected manually with the 
data obtained by infection control. Although the indica-
tions for collecting blood cultures did not change during 
the study, there is the potential that the demographics dif-
fered between the baseline and intervention periods.

Strengths
This study represents the first formal QI project within our 
neonatal unit that has been successfully completed. It has 
allowed us to share our experiences with our colleagues in 
neonatal units in Australia and New Zealand and to demon-
strate that very low rates of BCC are possible in neonates.

CONCLUSIONS
This QI study showed that it is possible to improve clin-
ical practices relating to blood culture collection and 
achieve high compliance rates with practice change.
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