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What Is It about?

Babies in intensive care are at risk of infection. The main organism causing this is a member of the
Staphylococcus family and is found commonly on human skin. Blood cultures are easily contaminated
by this organism. It is often difficult to decide if these bacteria are in blood culture and whether the
patient has a true infection. We conducted a study to determine whether a sterile technique to acquire
blood cultures would reduce the number of false-positive results.
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Abstract

Background: In neonatal intensive care, coagulase-negative Staphylococcus species can be
both blood culture contaminants and pathogens. False-positive cultures can result in clinical
uncertainty and unnecessary antibiotic use. Objective: This study sought to assess whether a
sterile blood culture collection bundle would reduce the incidence of false-positive blood cul-
tures in a regional neonatal intensive care unit. Method: Clinical data was collected from all
infants who had blood cultures taken before and after the introduction of the sterile blood
culture collection bundle intervention. This intervention required 2% chlorhexidine and full
sterile precautions for blood culture collection. False-positive blood culture rates (presence
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of skin commensals and >3 clinical infection signs) were compared before and after the inter-
vention. The number of days of unnecessary antibiotics associated with false-positive blood
cultures was also analysed. Results: In the pre-intervention group (PRE) 197 cultures were
taken from 161 babies. In the post-intervention group (POST) 170 cultures from 133 babies
were acquired. Baseline demographics were similar in both groups. The rate of false-positive
cultures in the PRE group versus the POST group was 9/197 (4.6%) compared to 1/170 (0.6%)
(p < 0.05). Unnecessary antibiotic exposure was reduced in the PRE group in comparison to
the POST group (27 vs. 0 days, p < 0.01). Conclusions: Implementation of sterile blood culture
collection intervention reduced the number of false-positive results. This has potential ben-

efit in reducing unnecessary antibiotic use. © 2018 The Author(s)
Published by S. Karger AG, Basel

Background and Aim

Infection has a significant impact on the morbidity and mortality of newborn infants. The
NeonlIN Surveillance Network in England (data from 2007 to 2008) has reported a total inci-
dence for all neonatal infections of 8/1,000 live births [1]. Late-onset infections increase the
likelihood of cerebral palsy and poor neurodevelopmental outcome in preterm low-birth-
weight infants [2]. It is therefore extremely important to identify the source of any infection
accurately and treat promptly [3].

In preterm infants, coagulase-negative Staphylococcus (CoNS) is a major cause of late-
onset sepsis. The highest proportion of CoNS infections are in infants <32 weeks [4]. When
CoNS isidentified in a blood culture, it is difficult to determine whether its growth represents
atrue blood stream infection or contamination from skin flora [5]. This leads to clinical uncer-
tainty [4, 6] and potentially prolongs treatment with antibiotics, lengthens stay, and increases
hospital costs [7].

There is wide variation in contamination rates between populations. In the adult inpa-
tient population in the USA, blood culture contamination is reported to be between 0.6 and
6% [3]. In a retrospective study of 9,959 blood cultures performed in children aged 1 month
to 18 years [8], 26% of children had a false-positive culture. Contaminated blood cultures
occur frequently in the neonatal population with reported rates between 2.6 and 18% [9, 10].
This is felt to be due to the difficulty in obtaining blood samples [4, 9].

There are several published methods to reduce blood culture contamination in the paedi-
atric and neonatal population. In the paediatric population, Hall et al. [11] showed a reduction
in contamination rates by using sterile gloves and a sterile field for blood culture collection
in the setting of a paediatric emergency department. Other studies have improved contami-
nation rates by using different skin cleansing solutions [11, 12], dedicated phlebotomy teams
[13], commercially produced blood culture collection packs [14], staff education programs
[15], and by improvements in hand hygiene [16]. Despite these measures, CoNS-positive
blood cultures remain problematic for the physician and infant. Our study aimed to assess the
impact of a blood culture collection bundle on the incidence of false-positive (contaminated)
blood cultures in a regional neonatal intensive care unit.

Method
This study was a single-centre non-randomised intervention study in the neonatal

intensive care unit in St. Michael’s Hospital in Bristol, UK, which is part of the University
Hospitals Bristol NHS Foundation Trust. St. Michael’s neonatal unit has approximately 800
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Table 1. Description of the
sterile collection bundle
intervention

Personal protective equipment
Surgical hat
Sterile gown
Surgical mask
Sterile gloves
Handwashing
Handwash with HiBiScrub®
Patient preparation
2% chlorhexidine and 70% isopropyl
Alcohol to cleanse skin
Sterile drapes

admissions and supports 6,000 deliveries per year. It is the regional referral centre for
neonatal surgery, cardiology, and therapeutic hypothermia, and receives referrals from
Southwest England and South Wales.

The study included infants born in St. Michael’s hospital who required a blood culture for
the investigation of sepsis between October 2012 and May 2013. Two time epochs were
assessed: one before and one after the intervention in March 2013, i.e. October to November
2012 (PRE) and April to May 2013 (POST). The intervention was assessed a second time in
June/July 2017 for sustained efficacy. The PRE epoch served as a control period. During this
time, the standard practice in the neonatal unit was to collect blood cultures using an aseptic
non-touch technique. This consisted of hand cleansing with soap (Diversey H21, Diversity
Ltd., Northampton, UK) applying non-sterile gloves, cleansing of the patient’s skin with 0.05%
chlorhexidine, and thereafter avoiding touching the patient’s skin.

In March 2013, the sterile blood culture collection bundle intervention was introduced.
This comprised preparing the patient’s skin with 2% chlorhexidine gluconate (ChG) and 70%
isopropyl alcohol (ChloraPrep®, CareFusion, USA) hand cleansing with HiBiScrub® (Méln-
lycke Health Care, Sweden), and full aseptic barrier precautions including the use of a sterile
gown, gloves, hat, and field (Table 1).

The sterile collection bundle intervention was introduced after approval was given by
the University Hospitals Bristol Foundation Trust Governance Committee. A face-to-face
explanation was given to all doctors and advanced neonatal nurse practitioners as to the
requirements and reasoning behind this introduction. The clinical team was not aware that
the intervention was being assessed to detect effectiveness.

Blood cultures were collected in a paediatric blood culture bottle (BacT/ALERT®,
Biomérieux Inc., Craponne, France). They were incubated for 5 days and were classified as
positive if an organism was grown during this time. The recommended volume of blood
collected for culture was 1 mL [17]. Data regarding clinical status and results were obtained
from medical notes, nursing charts, electronic medical records database, and laboratory
results. The data collected included demographics of sex, weight, and gestation; maternal risk
factors forinfection; clinical indicators of infection; blood culture resultand type; and duration
of antibiotics.

Positive blood cultures were scrutinised and subdivided into true and false positives
using a definition developed by Modi et al. [4]. This definition was developed to assist in
defining true blood stream infection in the neonatal period. Using this definition, a blood
culture is considered to be a true blood stream infection if the bacteria isolated are a patho-
genic organism or skin commensal with >3 clinical signs of infection (Table 2). Conversely, a
positive blood culture is considered to be a false positive or contaminant if the organism
isolated is skin commensal but there are <3 clinical signs of infection.
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Table 2. The definition
developed by Modi et al. [4] for
defining true blood stream
infection in the neonatal period

Increased oxygen requirement or respiratory support
Increased apnoeas or bradycardias

Hypotension

Glucose intolerance

Impaired peripheral perfusion

Lethargy

Temperature instability

Ileus/feed intolerance

Decreased urinary output

Metabolic acidosis

Case definition of neonatal blood stream infection: blood culture
yielding a recognised pathogen in pure culture or a mixed growth or
skin commensal plus >3 predefined clinical signs.

The clinical data and review of positive cultures was assessed independently by two
medical practitioners and subsequently by a third practitioner to ensure there was no dis-
crepancy in the allocation.

Analysis

Rates of false-positive blood cultures were unknown in the unit prior to this study. The
rates of false-positive cultures were estimated, based on published literature, at 5%. To
demonstrate a reduction in the rate of false-positive blood cultures from 5 to 0.5% with the
use of a sterile collection bundle with 80% power and a = 0.05, we aimed to include 160
infants before and after the introduction of the intervention. Rates of false-positive cultures
in the two groups were compared using the N-1 x? test to account for small numbers [18].
Subgroup analysis was undertaken for babies <1,500 g and babies <28 weeks’ gestation. The
number of unnecessary antibiotic days was also assessed and defined as the number of extra
days of antibiotics received after a false-positive blood culture, compared to the number
which would have been given if the blood culture had demonstrated no growth. All analyses
were conducted using SPSS (Brooklyn, NY, USA). A p value of <0.05 was taken as the level of
statistical significance.

Results

During the study period (October to November 2012 and March to April 2013), data from
a total of 294 babies were included in the analysis. In the PRE group, a total of 197 blood
cultures were taken from 161 babies. In the POST group, 170 cultures were taken from 133
babies. The demographics of each group are outlined in Table 3.

There was a higher rate of false-positive cultures in the PRE group (9/197 [4.6%])
compared to the POST group (1/170 [0.6%], p < 0.05). A subgroup analysis was performed
on infants <28 weeks. False-positive blood culture rates decreased from 16% (4/25) in the
PRE group to 0% (0/30) in the POST group (p < 0.05). The <1,500 g subgroup saw a decrease
from 9.1% (4/44) in the PRE group to 0% (0/42) in the POST group (p = 0.05).

Positive cultures were identified in 16/197 (8.1%) in the PRE group and in 9/170 (5.3%)
in the POST group (p = 0.3). Comparing the two groups, the reduction in total number of
positive cultures was mainly due to the reduction in growth of CoNS (12/197 [6%] vs.3/190
[1.8%], p = 0.02).
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Table 3. Demographic data of patient population, frequency, and timing of blood culture

Pre-intervention Post-intervention
group group
Number of infants 160 133
Number of blood cultures 197 170
Median day of life at blood culture (range) 0(0-119) 0(0-224)
Median weight (IQR), g 2,750 (1,515-3,555) 2,670 (1,525-3,510)
Median gestation (IQR), weeks 37 (31.7-40.1) 37.14 (30.2-40.1)
Number of cultures in infants <1,500 g and <28 weeks 44 (25%) 42 (20%)

For patients with positive cultures in the PRE group, a total of 75 days of antibiotics were
given but 27 (36%) of these days were considered unnecessary. In the POST group, there
were 81 days of antibiotics given in total, but none given unnecessarily when analysed with
the true blood stream infection criteria (p < 0.01).

In the follow-up comparison (June to July 2017), 167 blood cultures were obtained from
149 babies. During this time period, 7/167 (4.2%) blood cultures were positive. Two out of
167 (1.2%) blood cultures were considered to be false positive (p = 0.06, compared with the
original PRE group). Infants <1,500 g had no false-positive blood cultures. One day of antibi-
otics was considered unnecessary.

Discussion

This study demonstrates a reduction in false-positive blood cultures between the control
and intervention period. From the presented data there appears to be a sustained effect
following the intervention. Our study has shown that by using a blood culture collection
bundle intervention, false-positive blood cultures may be reduced. As a result, clinical staff
can be more confident that a positive blood culture result equates to a true blood stream
infection. This may also help reduce unnecessary antibiotic administration.

Our results concur with those found in a similar study in the setting of a paediatric emer-
gency department. Hall et al. [11] introduced a modified sterile collection technique via a
peripheral intravenous catheter and found a significant reduction in contamination rates
from 3.9 to 1.6%.

As this intervention is a bundle of measures, there is uncertainty as to which individual
component had the greatest impact on the rates of contaminated blood cultures. A previous
study by Viagappan and Kelsey [19] isolated the same species of bacteria from the culture and
the patient’s own skin, suggesting that in the majority of cases the bacterial contaminant
comes from the patient’s skin rather than the clinician. If this is the case in neonates, we could
speculate that the 2% chlorhexidine was the item that had the most impact on the contami-
nation rates.

The published definition used to determine false-positive cultures was developed by
Modi et al. [4]. Their system was validated for use in infants <31 weeks’ gestation with
suspected late-onset neonatal infection. We extrapolated the definition for use in infants of
all gestations and potential sepsis type. This scoring system combines identified bacteria and
clinical features of infection to determine true infection. This study included babies with
potential early- and late-onset infection. There is currently no specific definition for early-
onset infection in newborn infants. The National Institute of Health and Care Excellence
(NICE) [20] issued guidelines for using antibiotics for early-onset neonatal infection which

KARGER


http://dx.doi.org/10.1159%2F000486703

Biomedicine Biomed Hub 2018;3:486703 (DOI: JQulleO/000485703)

“ © 2018 The Author(s). Published by S. Karger AG, Basel
www.karger.com/bmh

Hamilton et al.: A Sterile Collection Bundle Intervention Reduces the Recovery of
Bacteria from Neonatal Blood Culture

suggest a series of signs in infants that may indicate an infection in term newborns. The defi-
nition used by Modi et al. [4] has a similar list of clinical signs for a preterm population. This
definition is a close approximation of infection in term infants and is considered by the
authors as an acceptable, if not an explicitly validated, extension of the definition.

There are some limitations to this study. Data collection relied on accurate documen-
tation of clinical status to ascertain which clinical criteria were present. However, a compre-
hensive review of medical, nursing, and electronic charts provided a robust and holistic view
of the clinical status. Although the advised volume of blood for culture was 1 mL, this was not
monitored and a smaller volume may potentially result in decreased yield of positive culture
results and anincrease in false negatives. Both potential confounding factors would be present
in both cohorts and therefore not influence the results overall.

The reduction of false-positive blood cultures has potential benefits for both the patient
and hospital. These benefits include reduced need further blood tests, equipment for admin-
istration of antibiotics, medical and nursing staff time as well as laboratory and drug costs. In
addition, the prescription of antibiotics is restricted to those cases that genuinely require
them.

Multidrug-resistant organisms are becoming more common and the responsible pre-
scription of antibiotics is important to minimise the spread of antibiotic resistance [21, 22].
Use of antibiotics has been associated with altered gut flora [23, 24] and an increased risk of
necrotising enterocolitis in infants [25-27]. Infants are also at risk of the ototoxic and neph-
rotoxic side effects of gentamicin [28] and vancomycin [29, 30]. The earlier cessation of anti-
biotics may promote better antibiotic usage.

Conclusion

Intervention of a sterile collection bundle reduced the number of false-positive blood
culture results in the setting of a neonatal intensive care unit. This in turn may reduce unnec-
essary antibiotic use and its associated implications.
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