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Introduction

Blood culture (BC) is the optimal test for diagnosing blood-
stream infection (BSI). Both the Surviving Sepsis Campaign 
(Dellinger et al, 2012) and the Royal College of Emergency 
Medicine guidelines (Royal College of Emergency Medicine, 
2013) recommend BC sampling prior to antibiotic adminis-
tration when managing severe sepsis. However, clinically 
irrelevant bacteria from the patient’s skin, often termed BC 
contaminants, can also be cultured if a proper sampling tech-
nique is not observed. A contamination rate of <3% is con-
sidered acceptable, (Schifman et al, 1998; Department of 
Health, 2007) but contamination rates often exceed this, 

particularly in emergency departments (ED) (Madeo et al, 
2005; Gander et al, 2009; Murillo et al, 2011; Self et al, 2013; 
Harding and Bollinger, 2013). Concern has been raised over 
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the clinical and financial cost of BC contamination. A con-
taminated BC has been estimated to extend hospital stay by 
between 1 to 5.4 days and carry additional financial costs of 
£3,770 in the UK (Almahadi et al, 2011) and between $4,385 
and $8,750 in the USA (Bates et al, 1991; Zwang and Albert, 
2006; Gander et al, 2009). Minimising BC contamination 
would therefore be expected to provide cost savings and 
reduce clinical uncertainty.

Several studies have shown that reducing BC contami-
nation is possible through simple, inexpensive interven-
tions – typically a combination of education, feedback and 
use of BC packs (Madeo et al, 2005; Murillo et al, 2011; 
Marini and Truog, 2012; Youssef et al, 2012; Self et al, 
2013; Harding and Bollinger, 2013). These studies have 
principally focused on reducing rates of contaminated cul-
tures in order to reduce the costs associated with false posi-
tive cultures. While reducing contamination is important, it 
is possible that improvement drives – particularly if restric-
tive in nature – may unintentionally lead to fewer BC being 
taken. This may in turn impair the diagnosis of genuine BSI 
(Thomas et al, 2011). Our aims were threefold: to assess the 
hospital-wide quality of BC sampling; to reduce any exces-
sive BC contamination; and to determine whether an effort 
to improve BC contamination rates prejudiced the diagno-
sis of genuine BSI.

Methods

We performed a prospective study in a 535 bed district gen-
eral hospital (DGH) seeing around 68,000 ED attendances 
annually. BC were taken by medical and nursing staff, with 
no dedicated BC phlebotomy team. BC were sampled using a 
BC pack containing an aerobic and anaerobic BactALERT® 
culture bottle (Biomerieux), ChloraPrep® 0.67ml 2% chlo-
rhexidine applicator (CareFusion), butterfly collecting set 
and adaptor. BC were incubated on the same site using a 
BactALERT®3D (Biomerieux), with positive cultures iden-
tified using Gram staining and conventional identification 
methods from sub-cultures. Contamination was defined 
pragmatically as the presence in BC of low pathogenicity 
skin commensals (such as coagulase-negative staphylococci, 
Micrococcus species and Corynebacteria species) in patients 
not known to have central venous access or indwelling pros-
thetic material. Other similar studies have used varying defi-
nitions of BC contamination, some microbiological (Madeo 
et al, 2005; Gander et al, 2009; Youssef et al, 2012; Self et al, 
2013) and others supplemented with clinical correlation 
(Schifman et al, 1998; Halverson et al, 2013; Harding and 
Bollinger, 2013). Our definition was primarily microbiologi-
cal and was chosen for its simplicity and reproducibility 
without the need for access to patient records, accepting that 
it may modestly overestimate true BC contamination.

We first determined the frequency of BC contamination 
and true positivity for all clinical areas in our institution by 
prospectively reviewing all BC request forms for the first 

14 days of each month from May to November 2011. The 
means from this seven month period were used as baselines 
prior to intervention. Identifying the ED as an area with a 
high incidence of contamination, we reported these results 
to ED consultant staff, prompting a discussion around pos-
sible reasons for the high contamination rate. These reflec-
tions were used to inform the intervention phase.

We next generated data for all BC taken in the ED (total 
number of BC, number of contaminated BC and true posi-
tive BC, date and time of sampling) every 14 days and fed 
this back to the clinical staff in the ED through posters, 
safety briefs and, where necessary, individual feedback 
from an ED consultant. In addition, we introduced an aug-
mented BC sampling pack specific for the ED containing 
warning labels about rates of contamination, instructions on 
how best to obtain a BC, and a second ChloraPrep® 0.67ml 
applicator. Data were collected over a six month period, 
from December 2011 until May 2012. Chi-squared tests 
were used to assess statistical significance of categorical 
variables. Ethical approval was not sought as this work was 
undertaken as part of normal quality improvement efforts.

Results

Baseline blood culture performance

We reviewed 1,829 BC from throughout the hospital, of 
which 73 were contaminated (4.0%) and 182 cultured genu-
ine pathogens (10.0%). Based on informal observations we 
had suspected a higher level of contamination than this in our 
ED. We noted that 34/288 BC taken in the ED were contami-
nated (11.8%) and 37/288 were genuinely positive (12.8%). 
Over the same time period, the frequency of contaminated 
cultures taken throughout the rest of the hospital was 2.5% 
(39/1,541) and the frequency of genuine pathogens isolated 
was 9.4% (145/1,541). We concluded that factors specific to 
the ED were likely to be responsible for the higher incidence 
of contamination. Noting that one in five significant blood 
culture isolates in our institution were taken in the ED, we 
were keen to identify a strategy that reduced BC contamina-
tion without prejudicing the diagnosis of true BSI.

Effect of a quality improvement programme 
on blood culture performance

Having demonstrated that the ED had a higher contamina-
tion rate (11.8%) than other clinical areas in the hospital 
(2.5%), a collaborative programme of change was imple-
mented. Medical staff from the microbiology laboratory first 
presented results to an ED consultant and invited them to 
discuss with nursing and medical staff within the department 
who took BC the possible reasons for the high contamination 
rates. Three factors were identified: lack of awareness among 
staff about BC contamination rates in the department; lack of 
an easily accessible cleaning product to disinfect BC bungs; 
and lack of awareness of best practice in taking BC.
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Setting a <3% contamination rate as our target, in line 
with Department of Health recommendations, we responded 
to the three factors previously highlighted. We provided 
feedback twice monthly to the unit about the quality of BC 
sampling in the form of a run chart. Run charts were dis-
played in the ED and results communicated verbally to staff 
at safety briefings. The ED already used pre-made BC 
packs. These were supplemented with an insert alerting 
staff to the high contamination rate and outlining good BC 
sampling practice, and a second ChloraPrep® applicator 
for BC bung disinfection. In April 2012, having failed to 
achieve our target of <3% contamination, we introduced 
non-judgemental, individualised feedback by an ED con-
sultant to those staff who had taken cultures thought to be 
contaminated following case note review by the ED con-
sultant. No further reduction in the frequency of contami-
nation was seen.

We observed a sustained, significant reduction in BC 
contamination from 11.8% to 7.4% (46/625) during our 
intervention (p=0.01) (Figure 1). Three changeovers of new 
junior medical staff were not associated with increases in 
the incidence of contamination. The mean number of BC 
taken per fortnight rose from 41 to 51. This increase was 
possibly associated with increasing awareness of indica-
tions for BC sampling. We found no evidence of a signifi-
cant change in the frequency of genuine positive BC during 

the intervention: 12.8% pre-intervention versus 10.7% 
(67/625) post-intervention (p=0.35) (Figure 2).

Time of sampling and blood culture 
performance

Hypothesising that increased rates of contamination might 
occur at times of lower staffing and increased fatigue, we 
examined the results of BC by the time of day taken and 
whether the culture was taken during the week (Monday to 
Friday) or at a weekend (Saturday and Sunday). The time of 
culture was documented in 414 of 625 BC (66%). The 
mean number of BC taken per week day (57) and per week-
end day (64) were similar, with no statistically significant 
difference in the frequency of contaminated cultures 
(p=0.56) or genuine positives (p=0.16) (Table 1).

However, we observed a significant increase in the like-
lihood of contaminated cultures being taken during daytime 
hours (06:00 to 18:00) (OR 2.7, 95% CI 1.2 to 6.0, p=0.012) 
when compared to BC taken outside these hours. There was 
no difference in the frequency of genuine positive cultures 
between the two time periods (p=0.23). The time periods 
during which BC contamination was most likely to occur 
were neither those where most BC sampling occurred nor 
those where staff might be expected to be most fatigued 
(Table 2).

Figure 1. Percentage of contaminated blood cultures in the emergency department before and after intervention.
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Discussion

We describe the quality of BC sampling in a DGH over a 
seven month period, finding an overall incidence of BC 
contamination of 4.0%, close to the recommended level of 
<3%. Excluding our ED, where a higher incidence was 
found, an acceptable level of 2.5% was identified. We think 
two factors are responsible for this. First, newly starting 
foundation doctors undergo practical training on BC sam-
pling during their induction. Second, pre-made blood cul-
tures packs make it easy for practitioners to have available 
all the relevant equipment for good BC collection. Since 
BC packs were also available in the ED, the packs alone are 
not sufficient to achieve low contamination rates. It is pos-
sible that patients in clinical areas outwith the ED were 
more likely to have established intravenous access and 
therefore receive a separate venepuncture for BC collec-
tion, but we have no data to support this.

However, we found a high baseline level of contamina-
tion in the ED (1 in 8.5 cultures taken), albeit somewhat 
lower than the one in four contamination rate previously 
described by Madeo et al (2005). We also found a high 
yield of genuine positive results. Significant organisms 
were identified from one in nine BC taken, much more fre-
quently than the one in 70 positive BC found by Munro 
et al (2007). Our ED therefore had both an initially high 
level of contaminated BC but also accounted for a fifth of 
all significant BC in our hospital.

Using a simple and inexpensive collaborative interven-
tion we reduced BC contamination without adversely 
affecting the detection of genuine BSI. The reduction in BC 
contamination failed to meet our intended target of 3% but 
nevertheless demonstrated evidence of improvement – 
around 4.5 fewer contaminated BC per week. It is difficult 
to reliably assess the real cost of contaminated BC and we 
have not attempted to extrapolate potential cost savings 
based on data from other studies. The only economic analy-
sis from the UK found surprisingly prolonged stays and 
additional costs (5.4 days and £3,770) (Almahadi et al, 
2011). It is possible that a disproportionate number of 
intensive care patients in the contaminant group influenced 
its findings. We consider it likely that the costs attributable 
to ED BC contamination are substantially less than this. 
Reasons for failing to meet our target may have included 
BC taken during resuscitation when aseptic technique is 
less of a clinical priority and BC taken by visiting 

Figure 2. Number of blood cultures taken, contaminated, and genuinely positive in the emergency department before and 
after intervention.

Table 1. Number and result of blood cultures by day of the 
week.

Weekday Weekend

Total 286 128

Positive 33 (11.5%) 9 (7.0%)

Contaminated 20 (7.0%) 11 (8.6%)
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specialties within the ED for whom there was no feedback 
mechanism available. We have no data on the relative fre-
quency of BC taken from fresh venepuncture as opposed to 
newly inserted peripheral cannulae.

Rapid staff turnover, highly variable workload and the 
high clinical urgency of some cases make ED difficult 
places to take BC consistently well (Madeo et al, 2005). We 
were intrigued that most contamination occurred during 
regular daytime hours, rather than during night shifts. Other 
studies have found an association between increased 
departmental activity and BC contamination (Lee et al, 
2012; Halverson et al, 2013). We did not match BC sam-
pling times with departmental activity in this study, but this 
would be a useful component of future work. Our data sug-
gest no negative impact on BC contamination from new 
influxes of junior doctors to the department.

Recent evidence has shown that fewer than a third of 
patients with community-acquired severe sepsis have BC 
taken in a timely manner (Scottish Trauma Audit Group, 
2010). BC therefore present something of a conundrum to 
an ED. On one hand there is strong national and interna-
tional support for BC sampling in severe sepsis, although 
implementing this appears to be difficult. Yet, on the other 
hand, around 90% of BC taken in our study were negative, 
suggesting a limited ability to identify patients with BSI 
using clinical judgement. This difficulty of clinically pre-
dicting bacteraemia has previously been recognised 
(Jaimes et al, 2004). Improved systems for identifying and 
treating sepsis are needed. BC are relatively time-con-
suming, have no diagnostic or therapeutic benefit in the 
patient’s initial management, and generate results that are 
positive only after the patient has left the ED and are 
therefore rarely acted on by ED staff. It is unsurprising 
that some nihilism has arisen around their use in the ED 
(Kelly, 1998; Mountain et al, 2005; Munro et al, 2007). 
However, identifying the microbiological cause of blood-
stream infection serves several important purposes. First, 
the particular bacterial or fungal isolate provides useful 
diagnostic information regarding the likely anatomical 
source of infection – not always apparent following clini-
cal assessment. Second, a positive BC allows in vitro anti-
microbial sensitivities to be generated, guiding effective 
treatment and limiting the unwanted consequences of 
unnecessarily broad antimicrobial therapy. Third, infor-
mation obtained from the microbiological identity of the 
isolate and its antimicrobial sensitivities provides 

epidemiological information that is vital for guiding local 
empirical antibiotic policies and informing wider public 
health policy.

This was a real-life study carried out during routine work 
at little additional cost (36p per extra ChloraPrep® applica-
tor). Our laboratory already had dedicated laboratory staff 
time for assembling BC packs (two to three hours of medi-
cal laboratory assistant time per week). Data acquisition and 
processing took around two hours of medical staff time per 
month at a cost of approximately £45. The time taken for 
this would be expected to vary depending on the ease of 
interrogating the laboratory dataset. Cost savings of around 
£10 per contaminated BC saved could be anticipated, based 
solely on materials required to process samples. Over a four 
week period, assuming 4.5 contaminated BC prevented per 
week, this saving would amount to around £180 – offsetting 
the cost of medical staff time and additional ChloraPrep® 
applicators. We believe our framework of first identifying 
and targeting clinical areas with a high frequency of con-
tamination, then applying collaborative problem-solving 
using local data, and finally implementing non-restrictive, 
educational change could be readily applied to other hospi-
tals. The exact methodology may need to vary depending on 
the local cultural factors thought to contribute to higher con-
tamination rates (De Bono et al, 2014).

In summary, we outline a framework that identified and 
addressed, with evidence of some success, a high BC con-
tamination rate in an ED using a simple intervention with-
out adversely affecting its ability to diagnose bloodstream 
infection. More collaborative, evidence-based working 
between emergency departments and microbiology depart-
ments is needed to better identify those patients who most 
benefit for BC sampling in the ED and to explore factors 
associated with BC contamination.
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Table 2. Number and result of blood cultures by time of day.

00:00 – 05:59 06:00 – 11:59 12:00 – 17:59 18:00 – 23:59

Total 66 83 121 144

Positive 3 (4.5%) 3 (3.6%) 14 (11.6%) 22 (15.3%)

Contaminated 0 (0%) 12 (14.5%) 10 (8.3%) 9 (6.3%)
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